3‘ Industria y Comercio
SUPERINTENDENCIA

pcT

SOLICITUD
PATENTE DE INVENCION

e OB 178 03

s TITULO Wmmmmmrm_um_mmmm_

» CLASIFICACION INTERNACIONAL __ C12N15/31 1582 o3 K. 14/325

A61K3 1313
71 SOLICITANTE ___ Stwoawra paxricravioms og

DOMICILIO Scimarfbaldallee 215 CH-4038 Begiles, SUIZA

7 APODERADO DRA MARGARITA CASTELLANOS ABOMDANO

2 BOGOTA,D ¢ &7 FEB 2004

FORMAP 10)



L

PETITORIO

“ Hm APCRIGNOTRIA ¥ CONERCI0
Radicarica 1+ O4017H03 QODOOONG Folios: #5
Industria y Com1 Facks (813 BH4E-27 L6n2s15

04 01 Tnpite : 041 PCT-PATENT 379 FIGE WACT 431 PRESBMIA
SUPERINTENDTENR 7803 op Boaeadencias 2020 BIVISIIN B WEVRG CIEACIGNFR

FORMULARIO UNICO DE SOLICITUD DE PATENTE
PCT
ENTRADA EN FASENACIONAL 3 \-Mano. 2004

@ SO0LICITUD DE:
[[XJPatente de invencién. . [[_]Patente de Modelo de Utilidad.
—— A
[_Jcapituio| [CXJcapituion
Nombre: SYNGENTA PARTICIPATIONS AG
@ IDENTIFICACION
SOLICITANTE (71) |  Diraccion: Schwarzwaldallee 216,
CH-4058 Baslien - SUIZA lcc. O nr O
Necionalidad o Domicillo: Basliea - BULZA
- Lugar de Constitucion: SUIZA e [ ore [}
Teldlono: Fax: Cual
E-mail:
NGmero
@ A . A
Nombre: MARGARITA CASTELLANOS A. IDENTIFICACION
nepneseu'rmrel
O APODERADO (7T4}]  Direccién: CARRERA § No. §3-09 lcc. [X] NT [ i
Teléfono: 6107480  Fax: 61007 08 cee. [ oo []
E-meil: acasteli@®impsatnetco
| Nimero 38'779.634 TPA 70.819
e — _ _
Nombre: ERIC CHEN y CHERYL STACY
INVENTOR (ES) (72){ )
Direccién: para.los dos inventores es: 3054 Cormwallls Road, Research Triangle Park,
NC 27708, ESTADOS UNIDOS DE AMERICA
Nacdionalldad o Domicilio Estadounidense
- .
® pcT8s)
Solicitud Intemacional No. ~ PCT/US01/20613 Fecha 21/09/2001
Publicacin Internacional No. WO 02/037632 A3 Fecha 10/5/02
Titulo (54) "TOXINAS DE CRY3IA MODIFICADAS Y SECUENCIAS DE ACIDO NUCLEICO QUE LAS
MODIFICAN™
Clasificacién Intsmnaclonal (S1) l'ﬁ E!lg " d j |§Z§i . Eaij 4 At
Prioridad (33) Pais de Origen (32) Facha (31) Ndimaro de Sallciud
: Us STO02001 S31644
sifx] No [ -
I (® cComprobanta de pago No. 04-14.978 Fecha  Febrero 25, 2004
I e

| instrucciones para el diligenciamiento del pressmte formulario, ver reverso de ssta pigina




©| B0 000 DOOEEEO000H ®

Anexos

Comprobante de pago de la tasa de presantacién da la solicitud.

Documento que acredita la existencia y representacion legal cuando el solicitants sea persona juridica.

Poderes, el fuere el caso.

Documento de cesién del Inventor al solicliante o a su causants.

Deciaraciones.

Copia de la soliciiud Intemacional (Resumen, descripcion, reivindicaciones, dibujos).

Traduccion de la solicitud intemacional al castellano (Resumen, descripcén, relvindicaciones, dibujos).

Copla del examen preliminar internacional efectuado por la Autoridad Internacional de Examen Preliminar (IPEA).
Traduccion del examen praliminar Intemacional efectuado por la IPEA.

De ser ol caso, copia del contrato de acceso,

De ser ol caso, documento que acredite la licencia o autorizacién de uso de conocimiantos tradiclonales de las
comunidades indigenas.

De ser el caso, ceriificado de depdsito del material blolégico.

Arte final 12x12

De ser el caso, Informacién sobre otras solicitudes de patents o tiuloa obtenidos en el extranjero por el mismo titular
© su causante, relacionadas parcial o totalmants con la invencitn de esta soliciud.

De ser el caso, modificaciones efectuadas a |a solicitud Intemacional.

Otos Informe de busqueda internacional, copia certificada del documento
de prioridad

FIGURA CARACTERISTICA:

@

Solicito la concesidn da la patents,

NOMBRE: MARGARITA CASTELLANOS ABONDANO

27 FEB, 205‘; FIRMA: WM

instrucclones para el diligenclamiento del presente formulario, ver reverso de esta pigina. - MCA/geh. -




fraaite @ 011 PCT-PATENT
I:pndﬂin 2ozt DIVISION 3E

NIT @ 800174089-2 N\

RECIBG OFICIAL DE CAJA « 04 - 14,97
FECHA t FEBRERD 25 DE 2004

4y CONRSIGNACI

DEPOSITANTE TIPD PAGD BANCD

L‘ PM}/ FECHA Pﬂl

i
RILDR MARIN CONSIGNACION  BAMCO a780780 2340212004

8,044, 000,00

TOTAL CONCEPTD

CANT. RENTISTICO A\ > &{IIPTI] /
V\

1 50005-01-01 { TRANI}ES DE SOL. DE PATENTE OE IN

TOTAL ¢

SON:  CUATROCIENTOS VEXNTIDOS MIL R€E805

—

RECIBO DE CAJA APLICADO AL EXPEDIENTE Mo.




B T

10 A2

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (rcT)

(19) World Intcilectual Property Organization
Iniernntional Burcau

(43) International Publication Date
6 March 2003 (06.03.2003)

PCT

A SR 00 L
|

{10) International Publication Numher

WO 03/018810 A2

CI2N I5/31,

International Patent Classificution™
I5/82, COTK 147325, AOL1I S5/X)

(21) International Application Number: PCT/EPO2OY7RY

International Filing Date: .

(22
2 Seplember 2002 (02.09.2002)

(25) Fillng Lauguape: Lnglish

English

(26) Publication Language:

Priority Data:
607316421

(30)

31 Avgust 2001 (31.08.2001) US

(71) Applicant (for all designaicd States except US): SYN-
GENTA PARTICIPATIONS AG (CHI/XCH; Schwarzwal-
dulles 215, CH-40S5R Buscl (CH).

{72) Inventors; and

(75) Inventors/Applicanis (for US only): CHEN, Erlc
{US/US|; Syngentu Biotechnology, Inc., 3054 Cornwallis
Road, Rescarch Triangle Purk. NC 27709 (US), STACY,
Cheryl |[UUSAJS]: Syngenta Biolechnology. Inc., 3054
Cornwallis Road. Rescarch Trangle Pack, NC 27709 (US).

(74) Agent: BASTIAN, Werner: Syngenta Purticipations A,
Intclicetunl Propenty, IXO. Box. CH-4002 Base! (CH).

{81) Desipnoted States ruarional): AlL AC AL, AM. AT. AL,
AZ. BA, BB, BG, BR. BY. BZ,. CA, CIL.CN, €O, CR. L.
CZ, DL DK, DM. DZ. IiC, HL&, 1S, 11, GB. GR, GI3, GEl.
GM, HR, HU. ID, [1.. IN. IS, JP. KLL KG, KPR KR, KZ. 1.C.,
LK, LR, LS. LT, LU, LV, MA, MD. M(i. MK, MN, M.
MX, MZ, NO. NZ. OM. PH. PL. T, RO, R, S1). Sk S,
SI SK. SL.. TJ, TM, TN. TR. TT. TZ 1A, LK. US, UZ
VN. YU, 7ZA, ZM. ZW.
(84) Designated States sregional): ARIPO patent (G, GM,
KN, LS, MW, M7 SD. Sl. 82, TZ. UG. ZM, ZW),
Lurasion patent (AM, A7, BY. KG, KZ, MD. RU,TL. TM).
lluropeun patent (AT, BIE, BG, CIIL CY. €7, DE, DK. BE.
118, M., IR, GiB, GR, M, [T. LU, MC, N1, PT, SI. 8K,
TR), OAP patemt (BT, BJ, CE, CG, CL CM, GA. GN. ¢,
GW, ML, MR, NLL SN, TD, 1th.

Published:
without international search report and 1o be rpublished

upon receipt of thal report

. For wo-iciter codes and other abbreviations, refer v the "Guid-

ance Notes on Codes and Abbrevistions™ appearing ot tine hogin-
ning of each regular issuc of the PCT Gazette.

{54) Thtle: MODIFIED CRY3A TOXINS AND NUCLEIC ACID SEQUENCES CODING THIREFOR

GO (57) Abstract: Compositions and methods for controlling plunt pests are disclased. In particular, nove! nucleic ocid soguences en-
coding mudilicd CryJA toxins having increased loxicily (o com rwlworm are provided. By inscriing o prolesse recognition site,
such as cathepsin (1, that is recognized by a gut protease ol a fargel insect in at leust une position of 1 Cry3A loxin a modilied Cry3A

0 03/01

=

== ioxin having significantly greater toxicity, particularly lo weslern and nurthern com rootworm iy designed. Further, n method of mak-

ing the mudified Cry3JA toains and methods of using the modified Cry3Anucleic acid sequences, for example in microorganisms 1o
control insects or in transgenic plants to confer prolection rom inseet damnge, amd v method of using the madified Cry3A oains,
and compusitions und formulutions comprising the mudified Cry3A toxins, for cxample opplying the madilied Cry3A wxins urcom-
positions or Jormulations Io inscct-infesied arcas, or to prophylactically freat insect-susceplible areas or plants W confer prolection

aguinst the insecl pests are disclosed.



PATENT COOPERATION TREATY PCT/EP02/009789
MRY 1 & 2009 From thc INTERNATIONAL BUREAU it (

WU UrU1881U

PCT

NOTICE INFORMING THE APPLICANT OF THE . BASTIAN, Werner
COMMUNICATION OF THE INTERNATIONAL Syngenta Participations AG
APPLICATION TO THE DESIGNATED QOFFICES Inteilectual Pmp?l_'lx
P.O. Box T e
. . CH-4002 Basel
{PCT Rulc 47.1(c). first scnicnce) SUISSE .. L
"!'-.."n_‘-: '-‘I
Dule of nuiling{day/montldyeur) ) B "--..3{':2\-.: '
06 March 2003 (06.03.03) . T N
r—— Y
Applicant’s ur agent's file reference T~ =i '. P e
S-60065A IMPORTANT NOTICE
Intemational applicatin Nu, International filing daw{doymondivear) Priorily doletdeay/menidhivear)
PCTIEPO?IFUQT_BQ 02 September 2002 (02.09.02) 31 August 2001 (31.08.01)

Applicunt

SYNGENTA PARTICIPATIONS AG

v

Nolice i herehy piven thot the Intermnational Burcuu has communicated, as provided in Article 20, the inlernational application o the
following designaied Offices on the dote indicated abuve as the dute of mailing of 1his notice:

KP, KR, US
tn seeondunce with Rule 47.1(c), third senience, thase Offices will accept Lhe present notice as conclusive evidence thal Ihe communication
ol the intcmational application has duly 1aken place on the date of mailing indicaied above and no copy of the iniemational applicatkon ix
reguired to be lurnished by the applicant 10 the desip nated Office(s).

‘The lollpwing designated Offices have waived the requirement for such a communication ot this time:

AE, AG, AL, AM, AP, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM. DZ, EA, EC,
EE, EP, ES, Fl, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD. MG,
MK, MN, MW, MX, MZ, NO, NZ, OA, OM, PH, PL, PT, RO, RU, SD, SE, SG, Sl, SK, SL, TJ, TM, TN, TR, TT, TZ. UA,
UG, UZ, VN, YU, ZA, ZM, ZW

‘The communication will be mxte 10 those Qffices only upon their request. Murhermore, those Offices do not require the applicant 10
Turnish a cupy of the intcmatiomal application (Rule 49, 1(a-bin),

kinclosed with this notice is a copy of the intlemational application as pubfished by the hitermational Bureau on
06 March 2003 (06.03.03) under No. WO 03/018810.

TIME LIMITS lor Mling u demand for International preliminary examination and for enlry Into the natlonil phuese

The applicable lime limil for eotering the mtional phase will, subject to whai In sald In the following purwgruph, be 30 MONTHS from
the privrily daie, not unly in respect of any elecied OfTice il a demand for inkermationul preliminary examimtion is filed before the
expiration of 19 months fram the priorily date. but also in respect of any designated OfTice, in the absence of filing of such demand. where
Article 22(1) us mudified with effect rom I April 2002 applics in respect of that designated Office. For further detailk, see PCT Gazetie
No. 4472001 of 1 November 2001, pages 1926, 19932 und 19934, as well as (he PCT Newslenrer, Oclober and November 2001 and
Ixhruary 2002 isyucs.

In practice, Ume lmity other than the 30-month tme Hmit will continuc o upply, for various periods of lime, in respeet of cunain
designated or clected Offices. For regulur updales on the applicable thme Himits (20, 21, 30 or 31 months, or ather 1ime limit), OMice by
Office, refer W the PCT Gazette, the PCT Newsletter and the PCT Applicant’s (iulde, Yolume 1, National Chapiers, oll available frein
WIP)'s Inicmet site, ot hilp//www.wipo.in/pcenfindex. himl.

Yor filing u demund for inlernational preliminury examination, sce the PCT Applirant's Guide, Volune VA, Chapier 1X. Only an
applicani who is a nutiomal or resident of a PCT' Contracling State which is bound by Chapier 1l has the right o lile u demand for
inicmational preliminery exasmination (al present, all PCT Contrucling States anc bound by Chapter 1)

It is the applicant’s sole responsibllily to monilor sl these fime limits.

The Itemnationsl Buresu of WIPQ Authorized officer

34, chemin des Colombe .
211 Ciezmeva 30, Switzerland Judith Zahra

l"usil'l-lile No.(41-22)740.1433 Telephone No.(41-22) A38.91.11

Form PCT/HB/308 (April 2002)

5



10

15

20

25

30

WO 63/018810 . PCTIEP02/09789

Modified Cry3A Toxins and Nucleic Acid Sequences Coding Thercfor

The prescnt invention relates to the fields of protein engincering, plant molecular biclogy and
pest control. More particularly, the present invention relates to novel modified Cry3A toxins
and nucleic acid sequcnces whose expression results in the modified Cry3A toxins, and
methods of making and methods of using the modified Cry3A toxins and corresponding

nucleic acid scquences to control insects.

Species of com rootworm are considered to be the most destructive corn pests. In the United
States the threc important species are Diabrotica virgifera virgifera, thc western corn
rootworm,; D. longicornis burberi, the northern corn rootworm and D. undecimpunctata
howardi, the southern com rootworm. Only western and northern com rootworms are
considered primary pests of com in the US Com Belt. Corn rootworm larvae cause the most
substantial plant damage by feeding almost exclusively on corn roots. This injury has been
shown to increase plant lodging, to reduce grain yield and vegetative yield as wcll as alter the
nutrient conter-n of the grain. Larval feeding also causes indirect effects on maize by opening
avenues through the roots for bacterial and fungal infections which lead to root and stalk rot
discases. Adult com rootworms are active in comfields in late summer where they feed on
ears, silks and pollen, interfering with normal pollination.

Corn rootworms are mainly controlled by intensive applications of chemical pesticides, which
are active through inhibition of insect growth, prevention of insect feeding or reproduction, or
cause death. Good corn rootworm control can thus be reached, but these chemicals can
sometimes also affect other, bencficial organisms. Another problem resulting from the wide
use of chemical pesticides is the appcarance of resistant insect varieties. Yet another problem
is due to the fact that comn rootworm larvae feed underground thus making it difficult to apply
rescue treatments of insecticides. Therefore, most insecticide applications are made _
prophylactically at the time of planting. This practice results in a large environmental burden.
This has been partially alleviated by various farm management practices, but there is an
increasing need for alternative pest control mechanisms.

Biological pest control agents, such as Bacillus thuringiensis (Bt) strains cxpressing pesticidal

toxins like 8-endotoxins, have also been applied to crop plants with satisfactory results against
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primarily lepidopteran inscct pests. The 8-endotoxins are proteins held within a crystalline
matrix that are known to posscss insecticidal activity when ingested by certain insects. The
various §-cndotoxins have been classificd based upon their spectrum of activity and sequence
homology. Prior to 1990, the major classes were dcfined by their spectrum of activity with the
Cry! proteins active against Lepidoptera (moths and butterflies), Cry2 proteins active against
both Lepidoptera and Diptera (flies and mosquitoes), Cry3 proteins active against Coleoptera
(beetles) and Cry4 proteins active against Diptera (HoRe and Whitely, 1989, Microbiol. Rev.
53:242-255). Recently a new nomenclature was developed which systematically classifies the
Cry proteins based on amino acid sequence homology rather than insect target specificities
(Crickmore et al. 1998, Microbiol. Molec. Biol. Rev. 62:807-813).

The spectrum of insccticidal activity of an individual §-cndotoxin from Bt is quite narrow,
with a given 8-endotoxin beinp active against only a few specics within an Order. For
instance, the Cry3A protein is known to be very toxic to the Colorado potato bectle,
Leptinotarsa decemlineata, but has very little or no toxicity to related beetles in the genus
Diabrotica (Johnson et al., 1993, J. Econ. Entomol. 86:330-333). According to Slaney ef al,
(1992, Insect Biochem. Molec. Biol. 22:9-18) the Cry3A protein is at least 2000 times less
toxic to southern com rootworm larvae than to the Colorado potato beetle, It is also known
that Cry3A has little or no toxicity to thc western corn rootworm.

Specificity of the 8-endotoxins is the result of the efficiency of the various steps involved in
producing an active toxin protein and its subsequent interaction with the epithcelial cells in the
insect mid-gut. To be insecticidal, most known &-cndotoxins must first be ingested by the
insect and proteolytically activated to form an active toxin. Activation of the insccticidal
crystal proteins is a multi-step process. After ingestion, the crystals must first be solubilized in
the insect gut. Once solubilized, the 8-endotoxins are activated by specific proteolytic
cleavages. The proteascs in the insect gut can play a role in specificity by determining where
the 8-endotoxin is processed. Once the 8-cndotoxin has been solubilized and processed it
binds to specific receptors on the surface of the insects” mid-gut epithelium and subsequently
imeg;'ates into the lipid bilayer of the brush border membrane. Jon channels then form

disrupting the normal function of the midgut eventually leading to the death of the insect.
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In Lepidoptera, gut protcases process §-endotoxins from 130-140 kDa protoxins to toxic
proteins of approximately 60-70 kDa. Processing of the protoxin to toxin has been reported to
proceed by removal of both N- and C-terminal amino acids with the exact location of
processing being dependent on the specific insect gut fluids involved (Ogiwara et al., 1992, J.
Invert. Pathol. 60:121-126). The proteolytic activation of a 8-endotoxin can play a significant
role in determining its specificity. For example, a d-cndotoxin from Bt var. aizawa, called
IC1, has been classificd as a Cryl Ab protein based on its sequence homology with other
known Cryl Ab proteins. Cry Ab proteins are typically active against lepidopteran insects.
However, the 1C] protein has activity against both lepidopteran and dipteran insects
depending upon how the protein is processed (Haider ef al. 1986, Euro. J. Biochem. 156: 531-
540). In a dipteran gut, a 53 kDa active IC] toxin is obtained, whereas in a lepidopteran gut, a
55 kDa active IC] toxin is obtained. ICI differs from the holotype HD-1 Cry!Ab protein by
only four amino acids, so gross changes in the receptor binding region do not seem to account
for the differences in activity. The different proteolytic cleavages in the two different insect
guts possibly allow the activated molccules to fold differently thus exposing different regions
capable of binding dilferent recepiors. The specificity therefore, appears to reside with the gut
proteases of the different insects.

Coleopteran insccts have guts that are more neutral to acidic and coleopteran-specific 5
endotoxins are similar to the size of the activated lepidopteran-specific toxins. Therefore, the
processing of coleopteran-specific 3-endotoxins was formerly considered unnecessary for
toxicity. However, recent data suggests that coleopteran-active d-endotoxins are solubilized
and proteolyzed to smaller toxic polypeptides. The 73 kDa Cry3A §-endotoxin protein
produced by B. thuringiensis var. tenebrionis is readily processed in the bacterium at the N-
terminus, losing 49-57 residues during or after crystal formation to produce the commonly
isolated 67 kDa form (Carroll et al., 1989, Biochem. J. 261:99-105). McPhcrson et al., 1988
(Biotcchnology 6:61-66) also demonstrated that the native cry3A gene contains two functional
translational initiation cadons in the same reading frame, one ;:oding for the 73 kDa protein
and the other coding for the 67 kDa protein starting at Met-1 and Mct-48 respectively, of the
deduced amino acid sequence (See SEQ ID NO: 2). Both proteins then can be considered

naturally occurring full-length Cry3A protcins. Treatment of soluble 67 kDa Cry3A protein
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with either trypsin or inscct gut extract resulls in a cleavage product of 55 kDa with Asn-159
of the deduced amino acid sequence at the N-terminus. This polypcptide was found to be as
toxic to a susceptible coleopteran inscct as the native 67 kDa Cry3A toxin. (Carroll et al.
fbid). Thus, a natural rypsin rccognition site exists between Arg-158 and Asn-159 of the
deduced amino acid sequence of the native Cry3A toxin (SEQ ID NO: 2). Cry3A can also be
cleaved by chymotrypsin, resulting in three polypeptides of 49, 11, and 6 kDa. N-terminal
analysis of the 49 and 6 kDa co.mponents showed the first amino acid residuc to be Ser-162
and Tyr-588, respectively (Carroll ef al., 1997 1. Invert. Biol. 70:41-49). Thus, natural
chymotrypsin recognition sites exist in Cry3A betwcen His-161 and Ser-162 and between Tyr-
587 and Tyr-588 of the deduced amino acid sequence (SEQ ID NO: 2). The 49 kDa
chymotrypsin producl appears to be more soluble at neutral pH than the native 67 kDa protein
or the 55 kDa trypsin product and retains full insecticidal activity against the Cry3A-
susceptible insects, Colorado potato beetle and mustard becetle, (Phaedon cochleariae).

Insect gut proteases typically function in aiding the insect in obtaining needed amino acids
from dietary protein. The best understood insect digestive proteases are serinc proteases that
appear to be the mast common (Englemann and Geraerts, 1980, J. Insect Physiol. 261:703-
710), particularly in lepidopteran species. The majority of coleopteran larvae and adults, for
example Colorado potato beetle, have slightly acidic midguts, and cysteine proteases provide
the major proteolytic activity (Wolfson and Mudock, 1990, J. Chem. Ecol. 16:1089-1102).
More precisely, Thie and Houseman (1990, Insect Biochem. 20;313-318) identified and
characterized the cysteine proteases, cathepsin B and H, and the aspartyl protease, cathepsin D
in Colorado potato bectle. Gillikin et al, (1992, Arch. Insect Biochem. Physiol. 19:285-298)
characterized the proteolytic activity in the guts of western com rootworm larvae and found
15, primarily cysteine, proteases. Until disclosed in this invention, no reports have indicated
that the scrine protease, cathepsin G, exists in western corn rootworin. The diversity and
different activity levcls of the insect gut proteases may influence an insect's sensitivity to a
particular Bt toxin.

Many new and novel Bt strains and §-endotoxins with improved or novel biological activities
have been described over the past five years including strains active against nematodes (EP
0517367A1). However, relatively few of these strains and toxins have activily against

coleopteran insects. Further, none of the now known coleopteran-active d-endotoxins, for

-4.
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example Cry3A, Cry3B, Cry3C, Cry7A, Cry8A, Cry8B, and Cry8C, have sufficicnt oral
toxicity against corn rootworm to provide adequate ficld control if dclivered, for example,
through microbes or transgenic plants. Therefore, other approaches for producing novel toxins
active against corn rootworm necd to be explored.

As more knowledge has been gained as to how the 8-endotoxins function, attempts to
engineer 8-endotoxins to have new activitics have increascd. Engineering §-endotoxins was
made more pussible by the solving of the three dimensional structure of Cry3A in 1991 (Li et
al., 1991, Nature 353:815-821). The protcin has three structural domains: the N-terminal
domain 1, from rcsidues 1-290, consists of 7 alpha hclices, domain II, from residucs 291-500,
contains three beta-sheets and the C-terminal domain 111, from residucs 501-644, is a beta-
sandwich. Based on this structure, a hypothesis has been formulated regarding the
structure/function relationship of the 8-endotoxins. It is generally thought that domain I is
primarily responsible for pore formation in the insect gut membrane (Gazit and Shai, 1993,
Appl. Environ. Microbiol. 57:2816-2820), domain I is primarily responsible for interaction
with the gut receptor (Ge et al., 1991, J. Biol. Chem. 32:3429-3436) and that domain II1 is
most likely involved with protein stability (Li e al. 1991, supra) as well as having a regolatory
impact on ion channcl activity (Chen ef al., 1993, PNAS 90:904]-9045).

Lepidopteran-active 5-endotoxins have been engineercd in attempts to improve specific
activity or to broaden the spectrum of insecticidal activity. For example, thc silk moth
{Bombyx mori) specificity domain from Cryl Aa was moved to Cryl Ac, thus imparting a new
insecticidal activity to the resulting chimeric protein (Ge et al. 1989, PNAS 86: 4037-4041).
Also, Bosch et al. 1998 (US Patent 5,736,.31), created a new lepidoptcran-active toxin by
substituting domain 111 of Cryl E with domain 111 of Cry]1C thus producing a CryJE-CryIC
hybrid toxin with a broader spectrum of lepidopteran activity.

Several attempts at engineering the coleopteran-active d-endotoxins have been reported. Van
Rie et al., 1997, (US Patent No. 5,659,123) enginecred Cry3A by randomly replacing amino
acids, thought to be important in solvent accessibility, in domain 11 with the amino acid
alanine. Scveral of these random replacements confincd to receptor binding domain Il were
reportedly involved in incrcased weslemn com rootworm toxicity. However, others have shown
that some alanine replacements in domain I of Cry3A result in disruption of receptor binding

or structural instability (Wu and Dean, 1996, J. Mol. Biol. 255: 628-640). English ef al., 1999,

-5-



15

20

235

30

WQ 03/018810 PCT/EPOZN9THY

(Intl. Pat. Appl. Publ. No. WO 99/31248) reported amino acid substitutions in Cry3Bb that
caused increases in toxicity to southem and western corn rootworm. However, of the 35
reported Cry3Bb mutants, only three, with mutations primarily in domain I1 and the domain II-
domain I interface, were active against western com rootwonn. Further, the differences in
toxicity of wild-type Cry3Bb against westcrn com rootworm in the same assays were greater
than any of the diffcrences between the mutated Cry3Bb toxins and the wild-type Cry}Bb.
Therefore, improvements in to:.(icity of the Cry3Bb mutants appear to be confined primarily to
southern com rootworm.

There remains a need to design new and cffective pest control agents that provide an
economic benefit to farmers and that are environmentally acceptable. Particularly needed are
modified Cry3A toxins that control western corn rootworm, the major pest of com in the
United States, that arc or could become resistant (o existing insect control agents,

Furthermore, agents whose application minimizes the burden on the environment, as through

transgenic plants, are desirable.

In view of these needs, it is an object of the present invention to provide novel nucleic acid
sequences encoding modified Cry3A toxins having increased toxicity to com rootworm. By
inserting a protease rccognition site that is rccognized by a target-insect gut protease in at least
one position of a Cry3A toxin, in accordance with the present invention, a modified Cry3A
toxin having significantly greater toxicity, particularly to western and northemn com rootworm
is designed. The invention is further drawn to the novel modified Cry3A toxins resulting from
the expression of the nucleic acid sequences, and to compositions and formulations containing
the modified Cry3A toxins, which are capable of inhibiting the ability of insect pests to
survive, grow and reproduce, or of limiting insect-related damage or loss to crop plants. The
invention is further drawn to a method of making the modified Cry3A toxins and to methods
of using the modified cr)’3A nucleic acid sequences, for example in microorganisms to control
insects or in transgenic blants to confer protection from insect damage, and to a method of
using the modified Cry3A toxins, and compositions and formulations comprising the modified
Cry3A toxins, for example applying the modified Cry3A toxins or compositions or
formulations to insect-infestcd areas, or to prophylactically treat insect-susccptible areas or

plants to confer protection against the insect pests.
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The novel modified Cry3A toxins described herein are highly active against insects. For
examplc, the modificd Cry3A toxins of the present invention can be used o control
economically important insect pests such as western com rootworm (Diabrotica virgifera
virgifera) and northern corn rootworm (D. longicornis barberi). The modified Cry3A toxins
can be used singly or in combination with other insect contro) strategies to confer maximal
pest control efficiency with mi_nimal envirominental impact,

According to one aspect, the present invention provides an isolated nucleic acid mulecule
comprising 2 nucleotide scquence that encodes a modified Cry3A toxin, wherein the modified
Cry3A toxin comprises at least onc additional protease recognition site that does not naturally
occur in a Cry3A toxin. The additional protease recognition site, which is recognized by a gut
proteasc of a target insect, is insericd at approximately the same position as a naturally
occurring protease recognition sitc in the Cry3A toxin. The modified Cry3A toxin causes
higher mortality to a target inscct than the mortality caused by 2 Cry3 A toxin to the same
target insect. Preferably, the modified Cry3A toxin causes at least about 50 % mortality to a
target insect to which a Cry3A toxin causes only up to about 30% mortality.

In one embodiment of this aspect, the gut protease of a target insect is selected from the group
consisting of serine proteases, cystcine proteases and aspartic proteascs. Prefcrable serine
proteases according to this embodiment include cathepsin G, trypsin, chymotrypsin,
carboxypeptidase, endopeptidase and elastase, most preferably cathepsin G.

In another embodiment of this aspect, the additional protease rccognition site is inserted in
either domain I or domain III or in both domain I and domain I of the Cry3A toxin.
Preferably, the additional proteasc recognition site is inserted in either domain 1 or domain IJ1
or in both domain I and domain III at a position that replaces, is adjacent to, or is within a
naturally occurring protease recognition site.

In a yet another embodiment, the additional protease recognition site is inserted in domain |
between amino acids corresponding to amino acid numbers 154 and 162 of SEQ ID NO: 2.
Prcferably, the additional protease recognition site is inserted between amino acid numbers
154 and 162 of SEQ 1D NO: 2 or betwee:. amino acid numbers 107 and 115 of SEQ ID NO:
4,

In still another embodiment, the additional protease recognition site is inserted between amino

acids corresponding to amino acid numbers 154 and 160 of SEQ ID NO: 2, Preferably, the
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additional protease recognition site is inserted between amino acid numbers 154 and 160 of
SEQ ID NO: 2 or between amino acid numbers 107 and 113 of SEQ ID NO: 4.

In a further embodiment, the additional protcase recognition site is inserted in domain [
between amino acids corresponding 10 amino acid numbers 154 and 158 of SEQ ID NQO: 2.
Preferably, the additional protease recognition site is inserted in domain | between amino acid
numbers 154 and 158 of SEQ_lD NO: 2 or between amino acid numbers 107 and 111 of SEQ
[D NO: 4,

In another embodiment, the additional protease recognition sitc is inserted in domain [T1
between amino acids corresponding to amino acid numbers 583 and 589 of SEQ 1D NO: 2.
Preferably, the additional proteasc site is inserted in domain 11l betwcen amino acid numbers
583 and 589 of SEQ ID NO: 2 or between amino acid numbers 536 and 542 of SEQ 1D NO:
4.

In still another embodiment, the additional protcase recognition site is inserted in domain 111
between amino acids corresponding to amino acid numbers 583 and 588 of SEQ ID NO: 2.
Preferably, the additional protease site is inserted in domain 11] between amino acid numbers
583 and 588 of SEQ ID NO: 2 or betwcen amino acid numbers 536 and 54]1of SEQ 1D NO: 4.
In yet another embodiment, the additional protease rccognition site is inserted in domain I11
between amino acids corresponding to amino acid numbers 587 and 588 of SEQ 1D NO: 2.
Preferably, the additional protease site is insc;rtcd in domain 111 between amino acid numbers
587 and 588 of SEQ ID NO: 2 or between amino acid numbers 540 and 541 of SEQ ID NO:
4

In one embodiment, the additional proteasc recognition site is inserted in domain I and
domain III of the unmodified Cry3A toxin. Preferably, the additional protease recognition site
is inserted in domain I at a position that replaces or is adjacent to a naturally occurring
protease recognition site and in domain Il at a position that is within, replaces, or is adjacent
to a naturally occurring protease recognition site.

In another embodiment, the additional protease recognition site is inserted in domain |
between amino acids corresponding to amino acid numbers 154 and 160 and in domain 111
between amino acids corresponding lo amino acid numbers 587 and 588 of SEQ ID NO: 2.
Preferably, the additional protease recognition site is inserted in domain I betwecn amino acid
numbers 154 and 160 and in domain 111 between amino acid numbers 587 and 588 of SEQ ID
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NO: 2 or in domain ] between amino acid numbers 107 and 113 and in domain III between
amino acid nurmbers 540 and 541 of SEQ ID NO: 4.

In yet another embodiment, the additional protease recognition site is located in domain |
between amino acids corresponding to amino acid numbers 154 and 158 and in domain 111
between amino acids corresponding to amino acid numbers 587 and 588 of SEQ iD NO: 2.
Preferably, the additional protease recognition site is inserted in domain | betwecn amino acid
numbecrs 154 and 158 and in dc;main III between amino acid numbcrs 587 and 588 of éEQ ID
NO: 2 or in domain 1 between amino acid numbers 107 and ! 11 and in domain 111 betwcen
amino acid numbers 540 and 541 of SEQ ID NQ: 4.

In another embodiment, the additional protease recognition site is located in domain ] between
amino acids corresponding to amino acid numbers 154 and 158 and in domain III between
amino acids corresponding to amino acid numbers 583 and 588 of SEQ ID NO: 2. Preferably,
the additional protease recognition site is inscrted in domain 1 betwcen amino acid numbers
154 and 158 and in domain 1] between amino acid numbers 583 and 588 of SEQ ID NO: 2 or
in domain I between amino acid numbers 107 and 111 and in domain III between amino acid
numbers 536 and 541 of SEQ ID NO: 4.

In a preferred embodiment, the isolated nucleic acid molecule of the present invention
comprises nucleotidcs 1-179]1of SEQ ID NO: 6, nucleotides 1-1806 of SEQ ID NO: 8,
nucleotides 1-1818 of SEQ ID NO: 10, nucleotides 1-1794 of SEQ ID NO: 12, nucleotides 1-
1812 of SEQ ID NO: 14, nucleotidcs 1-1812 of SEQ ID NO: 16, nucleotides 1-1818 of SEQ
ID NO: 18, or nucleotides 1-1791 of SEQ ID NO: 20.

In another preferred embodiment, the isolated nucleic acid molecule of the invention encodes
a modified Cry3A toxin comprising the amino acid sequence sct forth in SEQ ID NO: 7, SEQ
ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO:
19, or SEQ ID NO: 21.

According to one embodiment of the invention, the isolated nucleic acid molecule encodes a
modified Cry3A toxin that is active against a coleopleran insect, Preferably, the modified
Cry3A toxin has activity against western corn rootworm.

The present invention provides a chimeric gene comprising a heterologous promotcr scquence
operatively linked to the nucleic acid molccule of the invention. The present invention also

provides a recombinant vector comprising such a chimeric gene. Further, the present invention
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provides a transgenic non-human host ccll comprising such a chimeric gene. A transgenic host
cell according to this aspect of the invention may be a bacterial cell or a plant cell, preferably,
a plant cell. The present invention further provides a transgenic plant comprising such a plant
cell. A transgenic plant according to Lhis aspect of the invention may be sorghum, wheat,
sunflower, tomato, potato, cole craps, cotton, rice, soybean, sugar beet, sugarcane, tobacco,
barlcy, oilseed rape, or maize, preferably, maizc. The present invention also provides seed
from the group of transgenic p.lants consisting of sorghum, wheat, sunflower, tomato, potato,
cole crops, colton, rice, soybean, sugar beet, sugarcane, tobacco, barley, oilseed rape, and
maize. In a particularly preferred cmbodiment, the seed is from a transgenic maize pli'mt.

In another aspect, the prescnt invention provides toxins produced by the expression of the
nucleic acid molecules of the present invention. In a preferred embodiment, the toxin is
produced by the expression of the nucleic acid molccule comprising nucleotides 1-1791of
SEQ ID NO: 6, nucleotides 1-1806 of SEQ ID NO: 8, nucicotides 1-1818 of SEQ 1D NO: 10,
nucleotides 1-1794 of SEQ 1D NO: 12, nucleotides 1-1812 of SEQ ID NO: 14, nucleotides 1-
1812 of SEQ ID NO: 16, nucleotides 1-1818 of SEQ ID NO: 18, or nucleotides 1-1791 of
SEQ ID NO: 20.

In another embodiment, the toxins of the invention are active against coleopteran insec.:ts,
prefcrably against western corn rootworm.

In one embodiment, a loxin of the present invention comprises the amino acid sequcnce set
forth in SEQ ID NQ: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ 1D NO: 15,
SEQ ID NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21.

The present invention also provides a composition comprising an effective insect-controlling
amount of a toxin according to the invention.

In another aspect, the present invention provides a method of producing a toxin that is active
against insects, comprising: () obtaining a host cell comprising a chimeric gene, which itself
compriscs a heterologous promoter scquence operatively linked to the nucleic acid molecule
of the invention; and (b) expressing the nucleic acid molecule in the transgenic host cell,
which results in at least one toxin that is active against insccts.

In a further aspect, the present invention providcs a methad of producing an inscct-resistant
transgenic plant, comprising introducing a nucleic acid molecule of the invention into the

transgenic plant, wherein the nucleic acid molecule is expressible in the transgenic plant in an
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effective amount (o control insects. In 2 preferred embodiment, the insects are coleopteran
insccts, preferably western corn rootworm.

In yet a further aspect, the present invention brovides a method of controlling insccts,
comprising delivering to the insects an cffective amount of a toxin of the invention. According
to one embodiment, the insects are coleopteran insects, prefcrably, western comn rootworm.
Prefcrably, the toxin is delivered to the insects orally. In one preferred embodiment, the toxin
is delivered orally through a transgenic plant comprising a nucleic acid sequence that
expresses a toxin of the present invention.

Also provided by the present invention is a method of making a modified Cry3A toxin,
comprising: (a) obtaining a cry3A toxin gene which encodes a Cry3A toxin; (b) identifying a
gut protease of a target insect; (c) obtaining a nuclcotide sequence which encodes a
recognition sequence for the gut protease; (d) inserting the nucleotide sequence of (c) into
either domain 1 or domain ITI or both domain | and domain III at a position that replaces, is
within, or adjacent to a nucleotide sequence that codes for a naturally occurring protease
recognition site in a cry3A toxin gene, thus creating a modified cry3 A toxin gene; (e) inserting
the modified /)3 A toxin gene in an expression cassette; () expressing the modified cry3A
toxin gene in a non-human host cell, resulting in the host ccll producing a modified Cry3A
toxin; and, (g) bioassaying the modified Cry3A toxin against a target insect, whereby the
modified Cry3A toxin causes higher mortality to the target insect than the mortality caused by
a Cry3A toxin. In a preferred embodiment, the modified Cry3A toxin causcs at least about
50% mortality to the target insect when the Cry3A toxin causes up to about 30% mortality.
The present invention further provides a method of controlling insects wherein the transgenic
plant further comprises a second nucleic acid sequence or groups of nucleic acid sequences
that encode a sccond pesticidal principle. Particularly preferred second nucleic acid sequences
are those that encode a &-endotoxin, thosc that encode a Vegctative Insecticidal Protein toxin,
disclosed in U.S. Patents 5,849,870 and 5,877,012, incorporated herein by refercnce, or those
that encode a pathway for the production of a non-proteinaceous pesticidal principle.

Yet another aspect of the present invention is the provision of a method for mutagenizing a
nucleic acid molecule according to the present invention, wherein the nucleic acid molecule
has been cleaved into populations of double-stranded random fragments of a desired size,

comprising: (a) adding to the population of double-stranded random fragments one or more
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single- or double-stranded oligonucleotides, wherein the oligonucleotides each comprise an

area of identity and an area of heterology to a double-stranded template polynucleotide; (b)

denaturing the rcsultant mixture of double-stranded random fragments and oligonucleotides

into single-stranded fragments; {c) incubating the resultant population of single-stranded

fragments with polymerase under condiuons which result in the annealing of the single-

stranded fragments at the areas of identity to form pairs of anncaled fragments, the arcas of

identity being sufTicient for one member of the pair lo prime replication of the other, thercby
forming a mutagenized double-stranded polynucicotide; and (d) repeating the second and third

steps for at least two further cycles, wherein the resultant mixture in the second step of a

further cycle includes the mutagenized double-stranded polynucleotide from the third step of

the previous cycle, and wherein the further cycle forms a further mutagenized double-stranded

polynucleotide.

Other aspects and advantages of the present invention will become apparent to thosc skilled in

the art from a study of the following description of the invention and non-limiting examples.

SEQ ID NO: 1
SEQ ID NO: 2

SEQID NO: 3
SEQ ID NO: 4
SEQ ID NO: §
SEQ ID NO: 6

SEQIDNO: 7

SEQ ID NO: 8
SEQ ID NO: 9

is the native cry3A coding region.

is the amino acid sequence of the Cry3.A toxin encoded by the native cry3A
gene.

is the maize optimized cry3A coding region beginning at nucleotide 144 of
the native cry3A coding region.

is the amino acid sequence of the Cry3A toxin encoded by the maizc
optimized cry3A gene.

is the nucleotide sequence of pCIB6850.

is the maize optimized modified cry3A054 coding sequence.

is the amino acid scquence encoded by the nucicotide séquencc of SEQID
NO: 6.

is the maize optimized modified cry3A055 coding sequence,

is the amino acid scquence encoded by the nucleotide sequence of SEQ ID

NO: 8.

SEQ ID NO: 10 is the maize optimized modified cry3A08S coding scquence.
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SEQ ID NO:

SEQ ID NO:
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:

SEQ 1D NO:
SEQ ID NO:

SEQ ID NO:
SEQ ID NO:

11

12
13

14
15

16
17

18
19

SEQ ID NO: 20
SEQ ID NO: 21

PCT/EPOVOYTHY

is the amino acid sequence cncoded by the nucleotide sequence of SEQ ID
NO: 10.

is the maizc optimized modified cry3A082 coding scquence.

is the amino acid scquence encoded by the nucleotide sequence of SEQ LD
NO: 12,

is the maize optimized modified cry3A058 coding sequence.

is the amino.acid sequence cncoded by the nucleotide sequence of SEQ ID
NO: 14. ‘ .

is the maize optimized modified cry3A057 coding sequence.

is the amino acid sequcnce encoded by the nucleotide sequence of SEQ ID
NO: 16.

is the maize optimized modified cry3A056 coding sequence.

is the amino acid scquence cncoded by the nucleotide sequence of SEQ ID
NO: 18.

is the maize optimized modificd cry3A083 coding scquence.

is the amino acid sequence encoded by the nucleotide sequence of SEQ ID

NO: 20.

SEQ ID NOS: 22-34 are PCR primers useful in the present invention.
SEQ ID NO: 35 is an amino acid sequence comprising a cathepsin G recognition sitc.
SEQ ID NQO: 36 is an amino acid sequence comprising a cathepsin G recognition site.

SEQID NQ: 37 is an amino acid sequence comprising a cathepsin G recognition sitc.

SEQ ID NO: 38 is an amino acid sequence comprising a cathepsin G recognition site.

For clarity, certain terms used in the specification arc defined and presented as follows:

"Activity" of the modified Cry3A toxins of the invention is meant that the modified Cry3A
0

toxins function as orally active insect control agents, have a toxic eflect, or are able to disrupt

or deter insect feeding, which may or may not cause death of the insect. When a modified
Cry3A toxin of the invention is delivered to the insect, the result is typically death of the

insect, or the insect does not feed upon the source that makes the modified Cry3A toxin

available to the insect.
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“Adjacent to”- According to the present invention, an additional |:;rotcasc recognition site is
“adjacent to” a naturally occurring protease recognition site when the additional protcasc
recognition site is within four rcsidues, preferably within threc residues, more preferably
within two residues, and most preferably within one residue of a naturally occuming protease
recognilion site. For example, an additional protease recognition site inserted between Pro-
154 and Arg-158 of the deduced amino acid sequence of a Cry3A toxin (SEQ ID NO: 2) is
“adjacent to” the naturally occ.:un-ing trypsin recognition site located between Arg-158 and
Asn-159 of the deduced amino acid sequence of the Cry3A toxin (SEQ 1D NO: 2).

The phrase “approximately the same position™ as used herein to describe the location where
an additional protease recognition site is inserted into a Cry3A toxin in relation to a naturally
occurTing prolease recognition site, means that the location is at most four rcsidues away from
a naturally occurring protease rccognition site. The Jocation can also be three or two residues
away from a naturally occurring protease recognition site. The location can also be one residuc
away from a naturally occurring protease recognition site. “Approximately the same position”
can also mean that the additional protease recognition site is inserted within a naturally
occurring protease recognition site,

"Associated with / opcratively linked" refer to two nucleic acid sequences that are related
physically or functionally. For example, a promioter or regulatory DNA sequence is said to be
"associated with" a DNA scquence that codcs for an RNA or a protein if the two sequences
are operatively linked, or situated such that the regulatory DNA sequence will affect the
expression level of the coding or structural DNA sequence.

A “chimeric gene" or “chimeric construct” is 2 recombinant nucleic acid sequence in which a
promoter or regulatory nucleic acid sequence is oﬁeratively linked to, or associated with, a
nucleic acid sequence that codes for an mRNA or which is expressed as a protein, such that
the regulatory nucleic acid sequence is able to regulate transcription or expression of the
associated nuclcic acid coding sequence. The regulatory nucleic acid sequence of the chimeric
gene is not normally operatively linked to the associated nucleic acid sequence as found in
nature,

A "coding sequence” is a nucleic acid sequence that is transcribed into RNA such as mRNA,
rTRNA, tRNA, snRNA, sense RNA or antisense RNA. Preferably the RNA is then translated in

an organism to produce a protein.
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To "control” insects means to inhibit, through a toxic cffect, the ability of insect pests to
survive, grow, feed, and/or reproduce, or to l.imit insect-rclated damage or loss in crop plants.
To "control” insects may or may not mean killing the insects, although it preferably means
killing the insects.

Corresponding to: in the context of the present invention, “corresponding to” mcans that when
the amino acid sequences of variant Cry3A 8-cndotoxins arc aligned with each other, the
amino acids that “correspond t-o“ certain enumerated positions in the present invcnli'on are
those that align with these positions in the Cry3A toxin (SEQ ID NQ: 2), but that are not
neccessarily in these exact numecrical positions relative to the particular Cry3A amino acid
sequence of the invention. For example, the maize optimized cry3A gene (SEQ ID NO: 3) of
the invention encodes a Cry3A toxin (SEQ ID NO: 4) that begins at Met-48 of the Cry3A
toxin (SEQ ID NO: 2) encoded by the native cry3A gene (SEQ ID NO: 1). Therefore,
according to the present invention, amino acid numbers 107-1185, including all numbers in
between, and 536-541, including all numbcrs.in between, of SEQ ID NO: 4 correspond to
amino acid numbers 154-163, and all numbers in between, and 583-588, and all numbers in
between, respectively, of SEQ ID NO: 2.

A “Cry3A toxin”, as used herein, refers to an approximately 73 kDa Bacillus thuringiensis
var. tenebrionis (Kreig et al., 1983, Z. Angew. Entomol. 96:500-508) (Bt) coleopteran-active
protein (Sekar et al., 1987, Proc. Nalt. Acad. Sci. 84:7036-7040), for example SEQ ID NO: 2,
as well as any truncated lower molecular weight variants, derivable from a Cry3A toxin, for
example SEQ ID NO: 4, and retaining substantially the same toxicity as the Cry3A toxin. The
lower molecular weight variants can be obtained by protease cleavage of naturally occurring
protease recognition sites of the Cry3A toxin or by a second translational initiation codon in
the same frame as the translational initiation codon coding for the 73 kDa Cry3A toxin. The
amino acid sequence of a Cry3A toxin and the lower molecular weight variants thercof can be
found in a toxin naturally occurring in Bt. A Cry3A toxin can be encoded by a native Bt gene
as in SEQ 1D NO: | or by a synthetic coding s.equence as in SEQ ID NO: 3. A “Cry3A toxin”
does not have any additional protease recognition sites over the protease recognition sites that

naturally occur in the Cry3A toxin. A Cry3lA toxin can be isolated, purificd or expressed in a

heterologous system.
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A “cry3A gene”, as used herein, refers to the nucleotide sequence of SEQ ID NO: | or SEQ
ID NO: 3. A cry3A gene (Sekar et al., 1987, Proc. Natl. Acad. Sci. 84:7036-7040) can be
naturally occurring, as found in Bacillus thuringiensis var. tenebrionis (Krcig et al., 1983, Z.
Angew. Entomol. 96:500-508), or synthetic and cncodes a Cry3A toxin. The cry3A gene of
this invention can be referred to as the native cry3A gene as in SEQ 1D NO: 1 or the maize-
optimized cry3A gene as in SEQ ID NO: 3.

To "dcliver” a toxin mecans th;ll the toxin comes in contact with an insect, resulting in toxic
effect and control of the insect. The toxin can be delivered in many recognized ways, e.g.,
orally by ingestion by the insect or by contact with the insect via transgenic plant expression,
formulated protein composition(s), sprayable protein composition(s), a bait matrix, or any

other art-recognized toxin delivery system.
“Effective insect-controlling amount” means that concentration of toxin that inhibits, through

a toxic effcct, the ability of insects to survive, grow, fced and/or reproduce, or to limit inscct-
related damage or loss in crop plants. “Effective insect-controlling amount” may or may not
mean killing the insects, although it preferably means killing the insects.

"Expression cassette” as uscd herein means a nucleic acid sequence capable of directing
expression of a particular nucleotide sequence in an appropriate host cell, comprising a
promoter operably linked to the nucleotide sequence of interesl which is operably linked 1o
termination signals. It also typically comprises scquences required for proper translation of the
nucleotide sequence. The expression cassetiec comprising the nucleotide scquence of intercst
may be chimeric, meaning that at least one of its components is heterologous with respect 10
at least one of its other components. The expression cassette may also be one that is naturally
occurring but has been obtained in a recombinant form useful for heterologous expression.
Typically, however, the expression cassette is heterologous with respect to the host, i.e., the
particular nucleic acid sequence of the expression cassette does not occur naturally in the host
cell and must have been introduced into the host cell or an ancestor of the host cell by a
transformation event. The expression of the nucleotide sequence in the expression cassette
may be under the control of a constitutive promater or of an induciblc promoter that initiates
transcription only when the host cell is exposed to some particular external stimulus. In the
case of a multicellular organism, such as a plant, the promoler can also be specific to a

particular tissue, or organ, or stage of development.
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A "gene" is a defined region that is located within a genome and that, besides the
aforementioned coding nucleic acid sequence, comprises other, primarily rcgulatory, nucleic
acid sequences responsibic for the control of the expression, that is to say the transcription and
translation, of the coding portion. A gcne may also comprisc other 5' and 3' untranslated
sequences and termination sequences. Further elements that may be present are, for example,
introns. _

"Gene of interest” refers to any gene which, when transferred to a plant, confers upon the plant
a desired characteristic such as antibiotic resistance, virus resistance, insect resistance, disease
resistance, or resistance to other pests, herbicide tolerance, improved nutritional value,
improved performance in an industrial process or altered reproductive capability. The "genc of
intcrest” may also be one that is transferred to plants for the production of commercially
valuable enzymes or metabolites in the plant.

A “gut protease” is a prolcase naturally found in the digestive tract of an inscct. This protease
is usually involved in the digestion of ingestcd proteins.

A "heterologous™ nucleic acid sequence is a nucleic acid sequence not naturally associated
with a host cell into which it is introduced, including non- naturally occurring multiple copies
of a naturally occurring nucleic acid sequence.

A "homologous" nucleic acid sequence is a nucleic acid sequence naturally associated with a
host cell into which it is introduced.

"Homologous recombination" is the rcciprocall exchange of nucleic acid fragments between
homologous nucleic acid moleculcs.

"Insecticidal” is defined as a toxic biological activity capable of controlling insccts, preferably
by killing them.

A nucleic acid sequence is "isocoding with” a refercnce nucleic acid sequence when the
nucleic acid sequence encodes a polypeptide having the same amino acid sequence as the
polypeptide encoded by the refcrence nucleic acid sequence.

An "isolated" nucleic acid molecule or an isolated toxin is a nuclcic acid molecule or toxin
that, by the hand of man, exists apart from its native environment and is therefore not a
product of nature. An isolated nucleic acid molecule or toxin may exist in a purified form or

may exist in a non-native environment such as, for example, a recombinant host cell.
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A “modified Cry3A toxin” of this invention, refers to a Cry3A-derived toxin having at least
one additional protease recognition site that is recognized by a gut protease of a target insect,
which does not naturally occur in a Cry3A toxin. A modified Cry3A toxin is not naturaily
occurring and, by the hand of man, comprises an amino acid sequence that is not identical to a
naturally occurring toxin found in Bacillus thuringiensis. The modificd Cry3A toxin causes
higher mortality to a target insect than the mortality caused by a Cry3A toxin 1o the same
target insect. .

A “'modified erp3A gene™ according to this invention, refers to a cry3A-derived gene
comprising the coding sequence of at least one additional protease recognition site that does
not naturally occur in an unmodified cry3A gene. The modified cry3A gene can be derived
from a native cry3A genc or from a synthetic cry3A gene.

A “naturally occurring protease recopgnition site” is a location within a Cry3A toxin that is
cleaved by a non-insect derived protease or by a protease or gut extract from an insect specics
susceptible to the Cry3A toxin. For example, a naturally occurring protease recognition site,
recognized by trypsin and protcases found in a susceptible insect gut cxtract, exists between
Arg-158 and Asn-159 of the deduced Cry3A toxin amino acid sequence (SEQ [D NO: 2).
Naturally occurring protcasc recognition sites, recognized by chymotrypsin, exist between
His-161 and Ser-162 as well as between Tyr-587 and Tyr-588 of the deduced Cry3A toxin
amino acid sequence (SEQ ID NO: 2).

A "nucleic acid molecule” or "nucleic acid sequence" is a linear segment of single- or double-
stranded DNA or RNA that can be isolated from any source. In the context of the present
invention, the nucleic acid molecule is preferably a segment of DNA.

A "plant" is any plant at any stage of development, particularly a seed plant,

A "plant cell" is a structural and physiological unit of a plant, comprising a protoplast and a
cell wall. The plant cell may be in the form of an isolated single cell or a cultured cell, oras a
part of a higher organized unit such as, for cxample, plant tissuc, a plant organ, or a whole
plant.

"Plant cell culture” means cultures of plant units such as, for cxample, protoplasts, ccil culture

cells, cells in plant tissues, pollen, pollen tubes, ovules, embryo sacs, zypotes and embryos at

various stages of development.

-18 -



10

I5

20

25

30

WO W3N18810 PCT/EPU2/0978Y9

"Plant material" refers to leavcs, stcms, roots, flowers or flower parts, fruits, pollen, cgg cells,
zygotes, seeds, cuttings, cell or tissue cultures, or any othcr part or product of a plant,

A "plant organ” is a distinct and visibly structured and differentiated part of a plant such as a
root, stem, lcaf, flower bud, or cmbryo.

"Plant tissue” as used herein means a group of plant cells organized into a structural and
functional unit. Any tissuc of a plant in planta or in culture is included. This term includes,
but is not limited to, whole plar;ts, plant organs, plant seeds, tissue culture and any groups of
plant cells organized into structural and/or functional units. The use of this term in
conjunction with, or in the absence of, any specific type of plant tissue as listcd above or
otherwise embraced by this definition is not intcnded to be exclusive of any other type of plant
tissue.

A "promoter” is an untranslated DNA sequence upstream of the coding region that contains
the binding site for RNA polymerase and initiates transcription of the DNA. The promoter
region may also include other clements that act as regulators of genc expression.

A "protoplast” is an isolated plant cell without 2 cell wall or with only parts of the cell wall.
“Regulatory elements” refer to sequences involved in controlling the expression of a
nucleotide sequence. Regulatory elements comprise a promotcr operably linked to the
nucleotide sequence of interest and termination signals. They also typically encompass
sequences required for proper transiation of the nucleotide sequence.

“Replaces” a naturally occurring protease recognition site - According to the present
invention, an additional proteasc recognition site “replaces” a naturally occurring protease
recognition site when insertion of the additional prote'ase recognition site climinates the
naturally occurring protease recognition site. For cxample, an additional protease recognition
site inserted between Pro-154 and Pro-160 of the deduced amino acid sequence of a Cry3A
toxin (SEQ ID NO: 2) which eliminates the Arg-158 and Asn-159 residues “replaces™ the
naturally occurring trypsin recognition site located between Arg-158 and Asn-159 of the
deduced amino acid sequence of the Cry3A toxin (SEQ ID NO: 2).

“Serine proteases”, describe the samc group of enzymes that catalyze the hydrolysis of
covalent peptidic bonds using a mechanism based on nucleophilic attack of the targeted
peptidic bond by a serine. Serine protcases are sequence specific. That is, each serinc proteasc

recognizes a specific sub-sequence within a protein where enzymatic recognition occurs.

-19.

M



15

20

25

Jo

¥

WO 13/018810 PCT/EPO2/UYTHY 'L<

A “target insect” is an insect pest specics that has little or no susccptibility to a Cry3A toxin
and is identified as being a candidate for using the technology of the present inventionto -
control. This control can be achieved through several means but most preferably through the
expression of the nucleic acid molecules of the invention in transgenic plants.
A “target insect gut protease” is a proteasc found in the gut of a target insect whosc
recognition site can be inseﬂed_ into a Cry3A toxin to create 2 modified Cry3A toxin of the
invention,
"Transformation” is a process for introducing hcterologous nucleic acid into a host ccll or
organism. In particular, "transformation" mecans the stablc intcgration of a DNA molecule into
the genome of an organism of intercst.
"Transformed / transgenic / recombinant” refer to a host organism such as a bacterium or a
plant into which a heterologous nucleic acid molecule has been introduced. The nucleic acid
molecule can be stably integrated into the genome of the host or the nucleic acid molecule can
also be present as an extrachromosomal molccule. Such an extrachromosomal molecule can
be auto-replicating. Transformed cells, tissues, or plants are understood to encompass not only
the end product of a transformation process, but also transgenic progeny thereof. A "non-
transformed", "non-transgenic”, or "non- recombinant” host refers to a wild-type organism,
c.g., a bacterium or plant, which does not contain the heterologous nucleic acid molecule.
“Within" a naturally occurring protease reccognition site — According to the present invention,
an additional protease recognition site is “within” a naturally occurring protease recognition
site when the additional protease recognition site lies between the amino acid residue that
comes before and the amino acid residue that comes after the naturally occurring proteasc
recognition site. For example, an additional protease recognition site inserted betwecn Tyr-
587 and Tyr-588 of the deduced amino acid sequence of a Cry3A toxin (SEQ ID NO: 2) is
“within" a naturally occurring chymotrypsin recognition site located between Tyr-587 and
Tyr-588 of the deduced amino acid sequence of the Cry3A toxin (SEQ ID NO: 2). The
insertion of an additional protease recognition site within a naturally occurring protease
recognition site may or may not change the recognition of the naturally occurring protease
recognition site by a protease.
Nucleotides arc indicated by their bases by the following standard abbreviations: adenine (A),

cytosine (C), thymine (T), and guanine (G). Amino acids are likewise indicated by the
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following standard abbreviations: alanine (Ala; A), arginine (Arg; R), asparagine (Asn; N),
aspartic acid (Asp; D), cysteine (Cys; C), glutamine (Gln; Q), glutamic acid (Glu; E), glycine
(Gly; G), histidine (His; H), isolcucine (lle; ), leucine (Lcu; L), lysinc (Lys; K), methionine
(Met; M), phcnylalanine (Phe; F), proline (Pro; P), serinc (Ser; S), threonine (Thr; T),
tryptophan (Trp; W), tyrosine (Tyr; Y), and valine (Val; V).

This invention relates to modificd ¢ry3A nucleic acid sequences whose expression results in
modified Cry3A toxins, and to the making and using of the modified Cry3A toxins to control
insect pests. The expression of the modified cry3A nucleic acid sequences results in modified
Cry3A toxins that can be uscd to control coleopteran insects such as western com rootworm
and northemn corn rootworm. A modified Cry3A toxin of the present invention comprises at
lcast one additional protease recognition site that does not naturally occur in a Cry3A toxin,
The additional protease recognition site, which is recognized by a gut protease of a target
insect, is inserted at approximately the same position as a naturally occurmring protease’
recognition site in a Cry3A toxin. The modified Cry3A toxin causes higher mortality to 2
target insect than the mortality caused by a Cry3A toxin to the same target insect. Preferably,
the modified Cry3A toxin causcs at least about 50 % mortality to the target insect to which a
Cry3A toxin causes up to about 30% mortality.

In one preferred cmbodiment, the invention er;compasscs an isolated nucleic acid molecule
that encodes a modified Cry3A toxin, wherein the additional protease recognition site is
recognized by the target insect gut protease, cathepsin G. Cathepsin G activity is determincd
to be present in the gut of the target insect, western com rootworm, as described in Example
2. Preferably, the substrate amino acid sequence, AAPF (SEQ ID NO: 35), used to determine
the presence of the cathepsin G activity is inserted into the Cry3A toxin according to the
present invention. Other cathepsin G recognition sites can also be used according to the
present invention, for example, AAPM (SEQ ID NO: 36), AVPF (SEQ ID NO: 37), PFLF
(SEQ ID NO: 38) or other cathepsin G recognition sites as determined by the method of
Tanaka et al., 1985 (Biochemistry 24:2040-2047), incorporated herein by reference, Protcasc
recognilion sites of other proteases identified in a target insect gut can be used, for example,

protease recognilion sites recognized by other serine proteases, cysteine proteases and aspartic
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proteascs. Preferable serine proteases encompasscd by this embodiment include trypsin,
chymotrypsin, carboxypeptidase, endopeptidase and elastase.

In another preferred embodiment, the invention cncompasses an isolated nucleic acid
molecule that encodes a modified Cry3A toxin wherein the additional protease recognition
site is inserted in either domain I or domain ! or in both domain I and domain HI of the
Cry3A toxin. Preferably, the additional protease recognition site is inserted in domain 1,
domain I1!, or domain I and dox.nain I11 at a position that replaces, is adjacent to, or is within a
naturally occurring protease recognition site in the Cry3A toxin, Specifically exemplified
herein are nucleic acid molecules that encode modified Cry3A toxins that comprisc a
cathepsin G recognition site inserted in domain 1, domain 111, or domain I and domain Il at a
position that replaces, is adjacent to, or is within a naturally occurring proteasc recognition
site in the unmodified Cry3A toxin.

Specifically exemplified tcachings of methods to make modified cry3A nucleic acid
molecules that cncode modificd Cry3 A toxins can be found in Example 3. Those skilled in the
art will recognize that other methods known in the art can alsa be used to inscrt additional
protease recognition sites into Cry3A toxins according to the present invention.

In another preferrcd embodiment, the invention encompasses an isolated nucleic acid
molecule that encodes a modified Cry3A toxin wherein the additional protease recognition
site is inserted in domain I betwcen amino acids corresponding to amino acid numbers 154
and 162 of SEQ ID NO: 2. Preferably, the additional protease recognition site is inserted
between amino acid numbers 154 and 162 of SEQ ID NO: 2 or between amino acid numbers
107 and 115 of SEQ ID NO: 4. In a preferred ;zmbodiment, the additional proteasc
rccognition site is inserted between amino acids corresponding to amino acid numbers 154
and 160 of SEQ ID NO: 2. Preferably, the additional protease recognition site is inserted
between amino acid number 154 and 160 of SEQ ID NO: 2 or between amino acid numbers
107 and 113 of SEQ ID NO: 4. Specifically exemplified hercin is a nucleic acid molecule,
designated cry3A054 (SEQ ID NO: 6), that encodes the modified Cry3A054 toxin (SEQ ID

NO: 7) comprising a cathepsin G recognition site inserted in domain I between amino acid

numbers 107 and 113 of SEQ ID NO: 4. The cathepsin G recognition site replaces a naturally

occurring trypsin recognition site and is adjacent to a naturally occurring chymotrypsin

recognition site. When expressed in a heterologous host, the nucleic acid molecule of SEQ ID
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NO: 6 rcsults in insect control activity against western com rootworm and northern corn
rootworm, showing that the nucleic acid sequence set forth in SEQ ID NO: 6 is sufficicnt for
such insect control activity.

In another preferred embodiment, the additional protease recognition site is inscrted in domain
1 between amino acids corresponding to amino acid numbers 154 and 158 of SEQ 1D NO: 2.
Prcferably, the additional protease recognition site is inserted in domain ! between amino acid
numbers 154 and 158 of SEQ ID NO: 2 or between amino acid numbers 107 and 11} of SEQ
ID NO: 4. Specifically exemplified herein are nucleic acid molccules, designated cry3A055
(SEQID NO: 8), that encodes the modified Cry3A0SS5 toxin (SEQ ID NO: 9), and crp3A085
(SEQ ID NO: 10), that encodes the modified Cry3A085 toxin (SEQ ID NQ: t1), comprising a
cathepsin G recognition site inserted in domain ] between amino acid numbers 107 and 111 of
SEQ ID NO: 4. The cathepsin G recognition site is adjacent to naturally occurring trypsin and
chymotrypsin recognition sitcs. When expressed in a heterologous host, the nucleic acid
molecule of SEQ ID NO: 8 or SEQ 1D NO: 10 results in insect control activity against western
com rootworm and northern com rootworm, showing that the nucleic acid scquence sct forth
in SEQ ID NO: 8 or SEQ ID NO: 10 is sufficient for such insect control activity,

In a preferred embodiment, the invention encompasses an isolated nucleic acid molecule that
encodes a modified Cry3A toxin wherein the additional protease recognition site is inserted in
domain 111 between amino acids corresponding to amino acid numbers 583 and 589 of SEQ
ID NO: 2, Preferably, the additional protease site is inseried in domain I1I between amino acid
numbers 583 and 589 of SEQ ID NO: 2 or between amino acid numbers 536 and 542 of SEQ
ID NO: 4.

In another preferred embodiment, the invention encompasses an isolated nucleic acid
molecule that encodes a modified Cry3A toxin wherein the additional protease recognition
site is inserted in domain III between amino acids corresponding to amino acid numbers 583
and 588 of SEQ ID NO: 2. Preferably, the additional protease site is inserted in domain 1I1
between amino acid numbers 583 and 588 of SEQ ID NO: 2 or between amino acid numbers
536 and 541 of SEQ ID NO: 4. Specifically exemplified herein is a nucleic acid molecule,
designated cry3AQ082 (SEQ ID NQO: 12), that encodes the modified Cry3A082 toxin (SEQ ID
NO: 13) comprising a cathepsin G recognition site inserted in domain 11l between amino acid
numbers 536 and 541 of SEQ ID NO: 4. The cathepsin G recognition site replaces a naturally

-23-

g
b



15

20

25

3o

WO 03/018810 PCT/EPO2RIYTHY

occurring chymotrypsin recognition site. When expressed in a heterologous host, the nucleic
acid molecuie of SEQ ID NO: 12 results in insect control activity against western com
rootworm and northern com rootworm, showing that the nucleic acid sequence set forth in
SEQ ID NO: 12 is sufficient for such insect control activity.

In another preferrcd embodiment, the additional protcase recognition site is inserted in domain
I1! betwecn amino acids corresponding to amino acid numbers 587 and 588 of SEQ ID NO: 2.
Preferably, the additional prote.ase site is inserted in domain Iil between amino acid numbers
587 and 588 of SEQ ID NO: 2 or between amino acid numbers 540 and 541 of SEQ 1D NO:
4, Speciﬁcally excmplificd herein is a nuclcic acid molecule, designated cry3A058 (SEQ ID
NO: 14), that encodes the modificd Cry3A058 toxin (SEQ ID NO: 15) comprising a céthepsin
G recognition site inscrted in domain II1 between amino acid numbers 540 and 541 of SEQ 1D
NO: 4. The cathepsin G recognition site is within a naturally occurring chymotrypsin
recognition site. When expressed in a heterologous host, the nucleic acid molecule of SEQ ID
NO: 14 results in insect control activity against western corn rootworm and northern com
rootworm, showing that the nucleic acid scque-nce sct forth in SEQ ID NO: 14 is sufficient for
such inscct control activity.

In yet another preferred embodiment, the invention encompasses an isolated nucleic acid
molecule that encodes a modificd Cry3A toxin wherein the additional protease recognition
site is inserted in domain | betwecn amino acids corresponding to amino acid numbers 154
and 160 and in domain III between amino acids corresponding to amino acid numbers 587 and
588 of SEQ ID NO: 2. Preferably, the additional protease recognition site is inserted in
domain ! between amino acid numbers 154 and 160 and in domain IfI between amino acid
numbers 587 and 588 of SEQ ID NO: 2 or in domain I between amino acid numbers 107 and
113 and in domain 1I] between amino acid numbers 540 and 541 of SEQ 1D NO: 4.
Specifically exemplified herein is a nucleic acid molecule, designated cry3A057 (SEQ ID NO:
16), that encodes the modified Cry3A057 toxin (SEQ 1D NOQ: 17) comprising a cathcpsin G
recognition site inserted in domain ! between amino acid numbers 107 and 113 and in domain
I between amino acid numbers 540 and 541 of SEQ ID NO: 4. The cathepsin G recognition
site replaces a naturally occurring trypsin recognition site and is adjacent to a naturally
occurring chymotrypsin recognition site in domain [ and is within a naturally occurring

chymotrypsin recognition site in domain IT1l. When expressed in a heterologous host, the
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nucleic acid molecule of SEQ ID NO: 16 results in insect control activity against western corn
rootworm and northern com rootworm, showing that the nucleic acid sequence set forth in
SEQ ID NO: 16 is sufficicnt for such insect control activity.

In yet another preferred embodiment, the additional protease recognition site is located in
domain I between amino acids corresponding to amino acid numbers 154 and 158 and in
domain I1I between amino acids corresponding to amino acid numbers 587 and 588 of SEQ
ID NO: 2. Preferably, the additional protease recognition site is inserted in. domain I belween
amino acid numbers 154 and 158 and in domain IIl between amino acid numbers 587 and 588
of SEQ ID NO: 2 or in domain | between amino acid numbers 107 and 111 and in domain 111
between amino acid numbers 540 and 541 of SEQ ID NO: 4. Specifically exemplified herein
is the nucleic acid molccule designated cry3A056 (SEQ ID NO: 18), which encodes the
modified Cry3A056 toxin (SEQ ID NO: 19) comprising a cathepsin G rccognition site .
inserted in domain I between amino acid numbers 107 and 111 and in domain Il between
amino acid numbers 540 and 541 of SEQ ID NO: 4. The cathepsin G recognition site is
adjacent to naturally occurring trypsin and chymotrypsin recognition sites in domain T and is
within a naturaily occurring chymotrypsin recognition site in domain I1l. When expressed in a
heterologous host, the nucleic acid molecule of SEQ ID NO: 18 results in insect control
activity against westcrn corn rootworm and northern com rootworm, showing that the nucleic
acid sequence set forth in SEQ ID NO: 18 is sufficient for such insect control activity.

In still another preferred embodiment, the additional protease recognition site is located in
domain I betwecn amino acids corresponding to amino acid numbers 154 and 158 and in
domain III between amino acids corresponding to amino acid numbers 583 and 588 of SEQ
1D NO: 2. Preferably, the additional protease recognition site is inscrted in domain I between
amino acid numbers 154 and 158 and in domain 111 between amino acid numbers 583 and 588
of SEQ ID NO: 2 or in domain I betwcen amino acid numbers 107 and 111 and in domain I
between amino acid numbers 536 and 541 of SEQ ID NO: 4. Specifically exemplified herein
is a nucleic acid molecule, designated ¢ry3A083 (SEQ 1D NO: 20), which encodes the
modified Cry3A083 toxin (SEQ ID NO: 21) comprising a cathepsin G recognition site
inserted in domain I between amino acid numbers 107 and 111 and in domain I1I between
amino acid numbers 536 and 541 of SEQ ID NO: 4. The cathepsin G recognition site is

adjacent to naturally occurring trypsin and chymotrypsin recognition sites in domain I and
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replaces a naturally occurring chymotrypsin recognition site in domain I11. When expressed in
a heterologous host, the nucleic acid molecule of SEQ ID NO: 20 results in insect control
activity against western corn rootworm and northern corn rootworm, showing that the nuclcic
acid sequence set forth in SEQ ID NO: 20 is sufficient for such insect control activity.

In a preferred embodiment, the isolated nucleic acid molecule of the present invention
comprises nuclcotides 1-1791of SEQ ID NO: 6, nucleotides 1-1806 of SEQ ID NO: 8,
nucleotides 1-1812 of SEQ ]Ij NO: 10, nucleotidcs 1-1794 of SEQ 1D NO: 12, nucleotides 1-
1818 of SEQ ID NO: 14, nucleotides 1-1812 of SEQ ID NO: 16, nucleotides 1-179] of SEQ
ID NO: 18, and nucleotides 1-1818 of SEQ 1D NO: 20.

In another preferred embodiment, the invention encompasses the isolated nucleic acid
molecule that encodes a modified Cry3A toxin comprising the amino acid sequence set forth
in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID
NO: 17, SEQID NQO: 19, or SEQ ID NO: 21.

The present invention also encompasses recombinant vectors comprising the nucleic acid
sequences of this invention. In such vectors, the nucleic acid sequencces are preferably
comprised in expression cassettes comprising regulatory elements for expression of the
nucleotidc sequences in a host cell capable of expressing the nucleotides sequences. Such
regulatory elements usually comprise promoter and termination signals and preferably also
comprise elements allowing efficient translation of polypeptides encoded by the nucleic acid
sequences of the present invention. Vectors comprising the nucleic acid sequences arc usually
capable of replication in particular host cells, preferably as extrachromosomal molecules, and
are therefore used to amplify the nucleic acid sequences of this invention in the host cells. In
one embodiment, host cells for such vectors are microorganisms, such as bacteria, in
particular Bacillus thuringiensis or E. coli. In another embodiment, host cells for such
recombinant vectors are endophytes or epiphytes. A preferred host cell for such vectors is a
eukaryotic ccll, such as a plant cell. Plant cells such as maize cells are most preferred host
cells. In another preferred embodiment, such vectors are viral vectors and are used for
replication of the nucleotide sequences in particular host cells, e.g. insect cells or plant cells,
Recombinant vectors are also used for transformation of the nucleotide scquences of this
invention into host cells, whereby the nucleotide sequences are stably integrated into the DNA

of such host cells. In one, such host cells are prokaryotic cells. In a preferred embodiment,
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such host cells are eukaryotic cells, such as plant cclls. In a most preferred embodiment, the
host cells are plant cclls, such as maize cells.

In another aspect, the present invention cncompasses modified Cry3A toxins produced by the
expression of the nucleic acid molecules of the present invention.

In preferred embodiments, the modified Cry3A toxins of the invention comprise a polypeptide
encoded by a nucleotidc sequence of the invention. In a further preferred embodiment, the
mudified Cry3A toxin is produced by the expression of the nucleic acid molecule comprising
nucleotides 1-1791of SEQ ID NO: 6, nucleotides 1-1806 of SEQ ID NO: 8, nucleotides 1-
1812 of SEQ ID NO: 10, nucleotides 1-1794 of SEQ ID NO: 12, nuclcotides 1-1818 of SEQ
ID NO: 14, nucleotides 1-1812 of SEQ ID NO: 16, nuclectides 1-1791 of SEQ ID NO: 18,
and nucleotides 1-1818 of SEQ ID NO: 20,

In a preferred embodiment, a modified Cry3A toxin of the present invention comprises the
amino acid sequence set forth in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21.

The modificd Cry3A toxins of the present invention have insect control activity when tested
against insect pests in bioassays. In another preferred embodiment, the modified Cry3A toxins
of the invention are active against coleopteran insects, preferably against western com
rootworm and northem corn rootworm. The inscct controlling properties of the modified
Cry3A toxins of the invention are further illustrated in Examples 4 and 6.

The present invention also encompasses a composition comprising an effective insect-
controlling amount of a modified Cry3A toxin according to the invention.

In another preferred embodiment, the invention encompasses a method of producing a
modified Cry3A toxin that is active against insects, comprising: (a) obtaining a host cell
comprising a chimeric gene, which itself comprises a heterologous promoter sequence
operatively linked to the nucleic acid molecule of the invention; and (lb) expressing the nucleic
acid molecule in the transgenic host cell, which results in at least one modified Cry3A toxin
that is active against insects.

In a further preferred embodiment, the invention encompasses a method of producing an
insect-resistant transgenic plant, comprising introducing a nucleic acid molecule of the
invention into the transgenic plant, wherein the nucleic acid molecule is expressible in the

transgenic plant in an effective amount to control insects. In a preferred embodiment, the
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insects are coleopteran insccts, prefcrably western corn rootworm and northern com
rootworm,

In yet a further preferred embodiment, the invention encompasses a method of controlling
insects, comprising delivering to the insects an effective amount of a modified Cry3A toxin of
the invention. According to this cmbodiment, the insects arc coleopteran insects, preferably,
western comn rootworm and northern corn rootworm. Preferably, the modified Cry3A toxin is
delivered to the insects orally. In one preferred aspect, the toxin is delivered orally through a
transgenic plant comprising a nucleic acid sequence that expresses a modified Cry3A toxin of
the present invention.

The present invention also encompasses a method of making a modified Cry3A toxin,
comprising: (a) obtaining a cry3A toxin gene which encodes a Cry3A toxin; (b) identifying a
gut protease of a target insect; (c) obtaining a nucleotide sequence which encodes a
recognition site for the gut protease; (d) inserting the nucleotide sequence of (c) into either
domain I or domain 111 or both domain I and domain 111 at a position that replaces, is within,
or adjacent to a nucleotide sequencce that codes for a naturally occurring protease recognition
site in the cry3A toxin gene, thus creating a modified cry3A toxin gene; () inserting the
modified cry3A toxin gene in an expression cassette; (f) expressing the modified cry3A toxin
gene in a non-human host cell, resulting in the host cell producing a modified Cry3A toxin;
and, (g) bioassaying the modified Cry3A toxin against a target inscct, which causes higher
montality to the target inscct than the mortality caused by a Cry3A toxin. In a preferred
embodiment, the modified Cry3A toxin causes at least about 50% mortality to the targét insect
when the Cry3A toxin causes up to about 30% mortality.

The present invention further encompasses a method of controlling insects wherein the
transgenic plant further comprises a second nucleic acid sequence or groups of nucleic acid
sequences that encode a second pesticidal principle. Particularly preferred second nucleic acid
sequences are those that encode a §-endotoxin, those that encode a Vegetative Insecticidal
Protein toxin, disclosed in U.S. Patents 5,849,870 and 5,877,012, incorporated herein by
reference, or those that encode a pathway for the production of a non-proteinaceous principle.
In further embodiments, the nuclcotide sequences of the invention can be further modified by
incorporation of random mutations in a technique known as in vifre recombination or DNA

shuffling. This technique is described in Stemmer et al., Nature 370:389-391 (1994) and U.S.
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Patent 5,605,793, which are incorporated herein by reference. Millions of mutant copies of a
nucleotide sequence are produced based on an original nucleotide sequence of this invention
and variants with improved properties, such as increascd insecticidal activity, enhanced
stability, or different specificity or ranges of target-insect pests are recovered. The method
encompasses forming a mutagenized double-stranded polynucleotide from a template double-
stranded polynucleotide comprising a nucleotide sequence of this invention, whercin the
template double-strandcd polynuclcotide has been clecaved into double-stranded-random
fragments of a desircd size, and comprises the steps of adding to the resultant population of
doublec-stranded random fragments one or more single or double-stranded oligonuclcotides,'
wherein said oligonuclcotides comprise an arca of identity and an area of hetcrology to the
double-stranded template polynucleotide; denaturing the resultant mixture of double-stranded
random fragments and oligonucleotides into single-stranded fragments; incubating the
resultant population of single-stranded fragments with a polymerase under conditions which
result in the annealing of said single- stranded fragments at said areas of identity to form pairs
of anncaled frapments, said areas of identity being sufficient for one member of a pair to
prime replication of the other, thereby forming a mutagenized double-stranded polynucleotide;
and repeating the second and third steps for at least two further cycles, wherein the resultant
mixture in the second step of a further cycle includes the mutagenized double-stranded
polynucleotide from the third step of the previous cycle, and the further cycle forms a further
mutagenized doublc-stranded polynucleotide. In a preferred embodiment, the concentration of
a single species of double- stranded random fragment in the population of double-stranded
random fragments is less than 1% by weight of the total DNA. In a furthcr preferred
embodiment, the template double-stranded polynucleotide comprises at least about 100 .
species of polynucleotides. In another preferred embodiment, the size of the double-stranded
randomn fragments is from about 5 bp to 5 kb. In a further preferred embodiment, the fourth
step of the method comprises repeating the second and the third steps for at least 10 cycles.

Expression of the Nucleotide uences in Heterologous Microbial Hosts

As biological insect control agents, the insccticidal modified Cry3A toxins are produced by

expression of the nuclcotide sequences in heterologous host cells capable of expressing the
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nucleotide sequenccs. In a first embodiment, B. thuringiensis cells comprising modifications
of a nucleotide sequence of this invention are made. Such modifications encompass mutations
or deletions of existing regulatory elements, thus Icading to aliered expression of the
nucleotide sequcnce, or the incorporation of new regulatory elements controlling the
cxpression of the nucleotide sequence. In another embodiment, additional copies of one or
more of the nucleotide sequenccs are added to Bacillus thuringiensis cclls either by insertion
into the chromosome or by introduction of extrachromosomally replicating molecules
containing the nucleotide sequences.

In another embodiment, at Icast one of the nucleotide sequences of the invention is inserted
into an appropriate expression cassette, comprising a promoter and termination signal.
Expression of the nucleotide sequence is constitutive, or an inducible promoter responding to
various types of stimuli to initiate transcription is used. In a preferred embodiment, the cell in
which the toxin is expressed is a microorganism, such as a virus, bacteria, or a fungus. In a
preferred embodiment, a virus, such as a baculovirus, contains a nucleotide sequence of the
invention in its genome and expresses large amounts of the corresponding insccticidal toxin
after infection of appropriate cukaryotic cells that are suitable for virus replication and
expression of the nucleotide sequence. The insecticidal toxin thus produced is used as an
insecticidal agent. Altenatively, baculoviruses engineered to include the nucleotide sequence
are used to infect insects in vivo and kill them -eithcr by expression of the insecticidal toxin or
by a combination of viral infection and expression of the insecticidal toxin.

Bacterial cells are also hosts for the expression of the nucleotide sequences of the invention.
In a preferred embodiment, non-pathogenic symbiotic bacteria, which are able to live and
replicate within plant tissues, so-called endophytes, or non- pathogenic symbiotic bactcria,
which are capable of colonizing the phyllosphere or the rhizosphere, so-called epiphytes, are
used. Such bacteria include bactcria of the genera Agrobacterium, Alcaligenes, Azospirillum,
Azotobacter, Bacillus, Clavibacter, Enterobacter, Erwinia, Flavobacter, Klebsiella,
Pseudomonas, Rhizobium, Serratia, Streptomyces and Xanthomonas. Symbiotic fungi, such as
Trichoderma and Gliocladium are also possible hosts for expression of the inventive
nucleotide sequences for the same purpose.

Techniques for these penetic manipulations are specific for the diffcrent available hosts and

are known in the art. For example, the expression vectors pKK223-3 and pKK223-2 can be
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used to exprcss heterologous genes in E. coli, either in transcriptional or translational fusion,
behind the tac or trc promoter. For the cxpression of operons encoding multiplc ORFs, the
simplest procedure is to inscrt the operon into a vector such as pKK223- 3 in transcriptional
fusion, allowing the cognate ribosome binding site of the heterologous genes to be used.
Techniques for overexpression in gram-positive species such as Bacillus arc also known in the
art and can be used in the context of this invention (Quax et al. In:Industrial
Microorganisms:Basic and Ap.plicd Molecular Genetics, Eds. Baltz ef al., American Society
for Microbiology, Washingtlon (1993)). Alternate systems for overexpression rely for
example, on yeast vectors and include the use of Pichia, Saccharomyces and Kluyveromyccs
(Sreckrishna, In:Industrial microorganisms:b:.lsic and, .applied molccular genetics, Baltz,
Hegeman, and Skatrud cds., Amcrican Socicty for Microbiology, Washington (1993); Dequin
& Barre, Biotechnology L2:173- 177 (1994); van den Berg et al., Biotechnology 8:135-139

(1990)).

Plant transformation

In a particularly preferred embodiment, at least one of the insecticidal modifited Cry3A toxins
of the invention is expressed in a higher organism, e.g., a plant. In this case, transgenic plants
expressing effective amounts of the modified Cr-ySA toxins protect themselves from insect
pests. When the insect starts feeding on such a transgenic plant, it also ingests the expressed
modified Cry3A toxins. This will dcter the inscct from further biting into the plant tissue or
may even harm or kill the insect. A nucleotide sequence of the present invention is inserted
into an expression cassette, which is then prcf.erably stably integrated in the genome of said
plant. In another preferred embodiment, the nucleotide scquence is included in a non-
pathogenic self- replicating virus. Plants transformed in accordance with the present invention
may be monocots or dicots and include, but are not limited to, maize, wheat, barley, rye, swcet
potato, bean, pea, chicory, lettuce, cabbage, cauliflower, broccoli, turnip, radish, spinach,
asparagus, onion, garlic, pepper, celcry, squash, pumpkin, hemp, zucchini, apple, pear, quincc,
melon, plum, cherry, peach, nectarine, apricot, strawberry, grape, raspberry, blackberry,

pineapple, avocado, papaya, mango, banana, soybean, tomato, sorghum, sugarcane, sugar
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beet, sunflower, rapesced, clover, tobacco, carrot, cotton, alfalfa, rice, potato, eggplant,
cucumber, Arabidopsis, and woody plants such as coniferous and deciduous trees.

Once a desired nucleotide sequence has been transformed into a particular plant specics, it
may be propagated in that species or moved inlo other varieties of the same species,
particularly including commercial varietics, using traditional breeding techniques.

A nucleotide sequence of this invention is preferably cxpressed in transgenic plants, thus
causing the biosynthesis of lhe. comresponding modified Cry3A toxin in the transgenic plants.
In this way, transgenic plants with enhanced resistance to insects are generated. For their
expression in transgenic plants, the nucleotide sequcnces of the invention may require other
modifications and optimization. Although in many cases genes from microbial organisms can
be expressed in plants at high levels without modification, low expression in transgenic plants
may result from microbial nucleotide scquences having codons that are not preferred in plants.
It is known in the art that all organisms have specific prefercnces for codon usage, and the
codons of the nucleotide sequences described in this invention can be changed to conform
with plant preferences, while maintaining the amino acids encoded thereby. Furthermore, high
expression in plants is best achieved from coding sequences that have at lcast about 35% GC
content, preferably more than about 45%, more preferably more than about 50%, and most
prefcrably more than about 60%. Microbial nucleotide sequences that have low GC contents
may express poorly in plants due to the existence of ATTTA motifs that may destabilize
messages, and AATAAA motifs that may cause inappropriate polyadenylation. Although
preferred gene sequences may be adequately expressed in both monocotyledonous and
dicotyledonous plant species, sequences can be modified to account for the specific codon
preferences and GC content prefcrences of monocotyledons or dicotyledons as these
preferences have been shown to differ (Murray et al. Nucl. Acids Res. 17:477-498 (1989)). In
addition, the nucleotide sequences are screened for the existence of illegitimate splice sitcs
that l;nay cause message truncation. All changes required to be made within the nucleotide
sequences such as those described above are made using well known techniques of site
directed mutagenesis, PCR, and synthctic gene construction using the methods described in

the published patent applications EP 0 385 962 (to Monsanto), EP 0 359 472 (to Lubrizol, and
WO 93/07278 (to Ciba-Geigy).
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In one embadiment of the invention a cry3A gene is made according to the procedure
disclosed in U.S. Patent 5,625,136, herein incorporated by reference. in this procedure, maize
preferred codons, i.c., the singlc codon that rl:sost frequently encodes that amino acid in maize,
arc used. The maize preferred codon for a particular amino acid might be derived, for
cxample, from known gene sequences from maize. Maize codon usage for 28 genes from
maize plants is found in Murray et al., Nucleic Acids Rescarch 17:477-498 (1989), the
disclosure of which is inco:pc)::atcd herein by rcference. A synthetic scquence madc with
maize optimized codons is set forth in SEQ ID NO: 3.

In this manner, the nucleotide sequences can be optimized for expression in any plant. It is
recognized that all or any part of the gene sequence may be optimized or synthetic. That is,
synthetic or partially optimized sequences may also be used.

For cfficient initiation of translation, sequences adjaccnt to the initiating methionine may
require modification. For example, they can be modified by the inclusion of sequences known
to be effective in plants. Joshi has suggested an appropriate consensus for plants (NAR
15:6643-6653 (1987)) and Clonctech suggests a further consensus translation initiator
(1993/1994 catalog, page 210). These conscnsuses are suitable for use with the nucleotide
sequences of this invention. The sequences arc incorporated into constructions comprising the
nucleotide sequences, up to and including the ATG (whilst leaving the second amino acid
unmodified), or alternatively up to and including the GTC subsequent to the ATG (with the
possibility of modifying the second amino acid of the transgenc).

Expression of the nucleotide sequences in transgenic plants is driven by promoters that
function in plants. The choice of promoter will vary depending on the temporsal and spatial
requirements for expression, and also depending on the target spccies. Thus, expression of the
nucleotide sequences of this invention in leaves, in stalks or stems, in ears, in inflorescences
(e.g. spikes, paniclcs, cobs, etc.), in roots, and/or seedlings is preferred. In many cases,
however, protection against more than one type of insect pest is sought, and thus expression in
multiple tissues is desirable. Although many promoters from dicotyledons have been shown to
be operational in monocotyledons and vice vcr'sa, ideally dicotyledonous promoters arc
selected for expression in dicotyledons, and monacotyledonous promoters for expression in

monocotyledons. However, there is no restriction to the provenance of selected promoters; it
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is sufTicient that they are operational in driving the expression of the nucleotide sequences in
the desired cell.

Preferred promoters that are expresscd constitutively include promoters from gencs encoding
actin or ubiquitin and the CaMV 358 and 198 promoters. The nuclcotide sequences of this
invention can also be expressed under the regulation of promoters that are chemically
regulated. This enables the insecticidal modificd Cry3A toxins to be synthesized only when
the crop plants are treated with the inducing chemicals. Preferred technology for chemical
induction of gene expression is detailed in the published application EP 0 332 104 (to Ciba-
Geigy) and U.S. Patent 5,614,395. A preferred promoter for chemical induction is the tobacco
PR-1a promoter.

A preferrcd category of promoters is that which is wound inducible. Numerous promoters
have been described which are cxpressed at wound sites and also at the sites of phytopathogen
infection. Ideally, such a promoter should only be active locally at the sites of infectic;n, and in
this way the insecticidal modified Cry3 A toxins only accumulate in cells that need to
synthesize the insecticidal modified Cry3A toxins to kill the invading insect pest, Preferred
promoters of this kind include those described by Stanford ef al/. Mol. Gen. Genet. 215:200-
208 (1989), Xu et al. Plant Molec, Biol. 22:573-588 (1993), Logemann e al. Plant Cell
1:151-158 (1989), Rohrmeier & Lehle, Plant Molec. Biol. 22:783-792 (1993), Firek et al.
Plant Molec. Biol. 22:129-142 (1993), and Wamer et al. Plant J. 3:191-201 (1993).
Tissue-specific or tissue-preferential promoters uscful for the expression of the modified
Cry3A toxin genes in plants, particularly maize, arc those which direct expression in root,
pith, leaf or pollen, particularly root. Such promoters, e.g. those isolated from PEPC or tipA,
are disclosed in U.S. Pat. No, 5,625,136, or MTL, disclosed in U.S. Pat. No. 5,466,785. Both
U. S. patents are herein incorporated by reference in their entirety.

Further preferred embodiments are transgenic plants expressing the nucleotide sequences in a
wound-inducible or pathogen infection-inducible manner.

In addition to promoters, a variety of transcriptional terminators are also availablc for use in
chimeric gene construction using the mecdified Cry3A toxin genes of the present invention.
Transcriptional terminators are responsible for the termination of transcription beyond the
transgene and its correct polyadenylation. Appropriate transcriptional terminators and those
that are known to function in plants include the CaMV 35S terminator, the tml terminator, the
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nopaline synthase terminator, the pea rbcS E9 terminator and others known in the art. These
can be used in both monocotyledons and dicotyledons. Any available terminator known lo
function in plants can be used in the context of this invention.

Numerous other sequences can be incorporated into expression cassettcs described in this
invention. These include sequences that have been shown to enhance expression such as
intron sequences (e.g. from Adl_ll and bronzel) and viral Icader sequences (e.g. from TMV,
MCMY and AMYV).

It may be preferable to target expression of the nucleotide sequences of the present invention
to different ccllular localizations in the plant. In some cuscs, localization in the cytosol may be
desirable, whereas in other cascs, localization in some subcellular organelie may be preferred.
Subcellular Jocalization of transgene-encoded enzymes is undertaken using techniques well
known in the art. Typically, the DNA encoding the target peptide from a known organelle-
targeted gene product is manipulated and fused upstream of the nucleotide scquence. Many
such target sequences are known for the chloroplast and their functioning in heterologous
constructions has been shown. The expression of the nucleotide sequences of the present
invention is also targeted to the endoplasmic reticulum or to the vacuoles of the host cells.
Techniques to achicve this are well known in the art.

Vectors suitable for plant transformation are described elsewhere in this specification. For
Agrobacterium-mediated transformation, binary vectors or vectors carrying at lcast one T-
DNA border sequence are suitable, whercas for direct gene transfer any vector is suitable and
linear DNA containing only the construction of interest may be preferred. In the case of direct
gene transfer, transformation with a single DNA species or co-transformation can be used
(Schocher et al. Biotechnology 4:1093- 1096 (1986)). For both direct gene transfer and
Apgrobacterium-mediated transfer, transformation is usually (but not necessarily) undertaken
with a selectable marker that may provide resistance to an antibiotic (kanamycin, hygromycin
or methotrexate) or a herbicide (basta). Plant transformation vectors comprising the modified
Cry3A toxin genes of the present invention may also comprise genes (e.g. phosphomannose
isomerase; PM1) which provide for positive selection of the transgenic plants as disclosed in
U.S. Patents 5,767,378 and 5,994,629, herein incorporated by reference. The choice of

selcctable marker is not, however, critical 1o the invention.
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In another embodiment, a nucleotide sequence of the present invention is directly transformed
into the plastid genome. A major advantage of plastid transformation is that plastids are
generally capable of expressing bacterial gencs without substantial codon optimization, and
plastids are capable of expressing multiple open reading frames under control of a single
promoter. Plastid transformation technology is cxtensively described in U.S. Patent Nos.
5,451,513, 5,545,817, and 5,545,818, in PCT application no. WO 95/16783, and in McBridc
et al. (1994) Proc. Nati. Acad. Sci. USA 91, 7301-7305. The basic technique for chloroplast
transformation involves introducing regions of cloned plastid DNA flanking a selectable
marker together with the gene of interest into a suitable target tissuc, e.g., using biolistics or
protoplast transformation (e.g., calcium chloride or PEG mediated transformation). The ] to
1.5 kb flanking regions, lermed targeting sequences, facilitate homologous recombination
with the plastid genome and thus allow the replacement or modification of specific regions of
the plastome, Initially, point mutations in the chloroplast 16S rRNA and rps!2 genes
conferring resistance to spectinomycin and/or streptomycin are utilized as selectable markers
for transformation (Svab, Z., Hajdukiewicz, P., and Maliga, P. (1990) Proc. Nati. Acad. Sci.
USA 87, 8526-8530; Staub, J. M., and Maliga, P. (1992) Plant Cell 4, 39-45). This resulted in
stable homoplasmic transformants at a frequency of approximatecly onc. per 100 bombardments
of target leaves. The presence of cloning sites bétween these markers allowed creation of a
plastid targeting vector for introduction of lorcign genes (Staub, J.M., and Maliga, P. (1993)
EMBO J. 12, 601-606). Substantial increases in transformation frequency are obtained by
replacement of the recessive rRNA or r-protein antibiotic resistance gencs with a dominant
selectable marker, the bacterial aadA gene encoding the spectinomycin-cletoxifying enzyme
aminoglycoside- 3'- adenyltransf erase (Svab, 2., and Maliga, P. (1993) Proc. Natl. Acad. Sci.
USA 90, 913-917). Previously, this marker had been used successfully for high-frequency
transformation of the plastid genome of the green alga Chlamydomonas reinhardtii
(Goldschmidt- Clermont, M. (1991) Nucl. Acids Res. 19:4083-4089). Other selectable
markers useful for plastid transformation are known in the art and encompassed within the
scope of the invention. Typically, approximately 15-20 cell division cycles following
transformation are required to reach a homoplastidic state. Plastid expression, in which genes
are inserted by homologous recombination into all of the several thousand copies of the

circular plastid genome present in each plant cell, takes advantage of the ecnormous copy
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number advantage over nuclear- expressed genes to permit expression [evels that can readily
exceed 10% of the total soluble plant protein. In a preferred embodiment, a nucleotide
sequence of the present invention is inserted into a plastid-targeting vector and transformed
into the plastid genome of a desired plant host. Plants homoplastic for plastid genomes

containing a nucleotide sequence of the present invention are obtained, and are prefercntially

capable of high expression of tl_1e nucleotide sequence,

Combinations of Inscct Control Principles

The modified Cry3A toxins of the invention can be used in combination with Bt 8-endotoxins
or other pesticidal principles to increase pest target range. Furthermore, the use of the
modified Cry3A toxins of the invention in combination with Bt 8-cndotoxins or other
pesticidal principles of a distinct nature has particular utility for the prevention and/or
management of insect resistance.

Other insccticidal principles include, for example, lectins, a-amylase, peroxidase and
cholesterol oxidase. Vegetative Insccticidal Protein genes, such as vipl A(a) and vip2A(a) as
disclosed in U.S. Pat. No. 5,889,174 and herein incorporated by reference, arc also useful in
the present invention. .

This co-expression of more than one insccticidal principle in the same transgenic plant can be
achicved by genetically engineering a plant to contain and express all the genes necessary.
Altemativcly, a plant, Parent 1, can be genetically engineered for the expression of genés of
the present invention. A second plant, Parent 2, can be genetically engineered for the
expression of 8 supplemental insect control principle. By crossing Parent 1 with Parent 2,
progeny plants are obtained which express all the genes introduced into Parents 1 and 2.
Transgenic seed of the present invention can also be treated with an insecticidal seed coating
as described in U. S. Patent Nos. 5,849,320 and 5,876,739, herein incorporated by reference.
Where both the insecticidal seed coating and the transgenic seed of the invention are active
against the same target insect, the combination is uscful (i) in a method for enhancing activity
of a modified Cry3A toxin of the invention apgainst the target insect and (ii) in a mcthod for
preventing development of resistance to a modificd Cry3A toxin of the invention by providing

a second mechanism of action against the target insect. Thus, the invention provides a method
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of enhancing activity against or preventing development of resistance in a target insect, for
example com rootworm, comprising applying an insecticidal seed coating to a transgenic seed
comprising one or more modified Cry3A toxins of the invention.

Even where the insecticidal seed coating is active against a differcnt insect, the insecticidal
seed coating is useful to expand the range of insect control, for example by adding an
insecticidal secd coating that has activity against lepidopteran insccts to the transgenic sced of
the invention, which has actiVir).r against colcopleran insects, the coated transgenic secd

produced controls both lcpidopteran and coleopteran insect pests.

EXAMPLES

The invention will be further described by reference to the following detailed examples. Thesc
examples are provided for the purposes of illustration only, and are not intended to be limiting
unless otherwise specified. Standard recombinant DNA and molecular cloning techniques
used here are well known in the art and are described by J. Sambrook, ef al., Molecular
Cloning: A Laboratory Manual, 3d Ed., Cold Spring Harbor, NY: Cold Spring Harbor
Laboratory Press (2001); by T.J. Silhavy, M.L. Berman, and L.W. Enquist, Experiments with
Gene Fusions, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY (1984) and by
Ausubel, F.M. et al., Current Protocols in Molecular Biology, New York, John Wiley and
Sons Inc., (1988), Reiter, et al., Methods in Arabidopsis Research, World Scientific Press
(1992), and Schultz et al., Plant Molecular Biology Manual, Kluwer Academic Publishers

(1998).

Example I: Maize Optimized cry3A Gene Construction

The maize optimized cry3A gene is made according to the procedure disclosed in U.S. Patent
5,625,136. In this procedure, maize preferred codons, i.e., the single codon that most
frequently encodes that amino acid in maize, are used. The maize preferred codon for a
particular amino acid is derived from known gene scquences from maize. Maize codon usage
for 28 genes from maize plants is found in Murray et al., Nucleic Acids Research 17:477-498
(1989). The synthetic sequence made with maize optimized codons is set forth in SEQ ID NO:

3.
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Example 2: Identification of Cathepsin-G Enzymatic Activity in Western Corn
Rootworm Guts

Cathepsin G-like (scrine protease) and cathepsin B-likc (cysteine protease) enzymatic
activities in western com roolworm guts are measured using colorimetric substrates. Each |
ml reaction contains five homogenized midguts of the 3rd instar of western com rootworm
and ] mg of substrate dissolved in reaction buffer (10 mM Tris, 5 mM NaCl, 0.01 M DTT, pH
7.5). The cathepsin G substrate tested is Ala-Ala-Pro-Phe (SEQ 1D NO: 35)-pNA and
cathepsin B substrate, Arg-Arg-pNA. The reactions arc incubated at 28°C for thr. The
intensity of yellow color formation, indicative of the efficiency of a protease to recognize the
appropriate substrate, is compared in treatments vs. controls. The reactions are scorcd as
negative (-) if no color or slight background color is detccted. Reactions which are 25%, 50%,
75% or 100% abovc background are scored as +, ++, +++, or ++++, respectively.

Results of the enzymatic assays are shown in the following table.

Table 1
Reaction Product Color intensity
WCR gut only -
Cathcpsin B substrate only . -
Cathepsin G substrate only -
WCR gut + Cathepsin B substrate +
WCR gut + Cathepsin G substrate ++

This is the first time that the serine protease cathepsin G activity has been identified in
westem corn rootworm guts. Western corn rootworm guts clearly have stronger cathepsin G,
the serine protease, activity compared to cathcpsin B, the cysteine protease, activity. The
AAPF scquence (SEQ ID NO: 35) is selected as the cathepsin G proteasc recognition site for

creating modified Cry3A toxins of the present invention.

Example 3: Construction of Medified cry3A Genes

Modified cry3A genes comprising a nucleotide sequence that cncodes the cathepsin G

recognition site in domain I, domain 11, or domain 1 and domain III are made using ovcrlap
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PCR. The maize optimized cry3A genc (SEQ ID NO: 2), compriscd in plasmid pCiB6850
{SEQ ID NO: 5), is used as the starting icmplate. Eight modified cry3A gene constructs,
which encode modified Cry3A toxins, are made; cry3A054, cry3A055, and cry3A08S, which
comprise the cathepsin G recognition site coding sequence in domain I; cry3A058, cry3A082,
which comprisc the cathepsin G recognition site coding scquence in domain [1l; cry3A056,
cry3A057, cry3A083, which comprise the cathepsin G recognition site coding sequence in
domain I and domain II1. The. eight modified cry3A gencs and the modified Cry3A toxins

they encode are described as follows:

cry3AQ054 comprised in pCMS054

cry3A054 (SEQ ID NO: 6) comprises a nucleotide sequence encoding a modified Cry3A
toxin. Three overlap PCR primer pairs arc used to insert the nuclcotide sequence encoding the

cathepsin G rccognition site into the unmodified maize optimized cry3A:

1. BamExtl - 5'-GGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
AAPFtaill - 5'-GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3’ (SEQ ID NO: 23)

2. Tail5mod — 5’-GCTGCACCGTTCCCCCACAGCCAGGGCCG-3’ (SEQ ID NO: 24)

XbalExt2 ~ 5"-TCTAGACCCACGTTGTACCAC-3’ (SEQ ID NO: 25)
3. BamExt] - 5’-GGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
XbalExt2 — 5’-TCTAGACCCACGTTGTACCAC-3’ (SEQ ID NO: 25)

Primer pair 1 and primer pair 2 generate two unique PCR products. Thesc products are then
combined in equal parts and primer pair 3 is used to join the products to generatc one PCR
fragment that is cloned back into the original pCIB6850 template. The modified cry3A054
genc is then transferred to pBluescript (Stratagene). The resulting plasmid is designated
pCMS054 and comprises the cry3A054 gene (SEQ ID NO: 6).

The modified Cry3A054 toxin (SEQ ID NO: 7), encoded by the modified cry3A genc
comprised in pCMS054, has a cathepsin G recognition site, comprising the amino acid

sequence AAPF (SEQ ID NO: 35), inserted in domain I between amino acids 107 and 113 of
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the unmodified Cry3A toxin (SEQ ID NO: 4). The cathepsin G recognition site replaces the

naturally occurring trypsin recognition site and is adjacent to a naturally occurring

chymotrypsin recognition site.

cry3AQS5 comprised in pCMS055
cry3A055 (SEQ ID NO: 8) comprises a nucleotide sequence encoding a modified Cry3A

toxin. Three overlap PCR primer pairs are used o insert the nucleotide sequence encoding the

cathcpsin G recognition site into the unmodified maize optimized cry3A:

1. BamExt!l — 5'-GGATCCACCATGACGGCCGAC-3' (SEQ ID NO: 22)
AAPFtil3 ~ 5’-GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3’ (SEQ ID NO: 23)

2. AAPF1ail4 - 5’-GCTGCACCGTTCCGCAACCCCCACAGCCA-Y (SEQ ID NO: 26)

XbalExt2 ~ 5’-TCTAGACCCACGTTGTACCAC-3’ (SEQ ID NQO: 25)
3. BamExtl — 5’-GGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
XbalExt2 - 5’-TCTAGACCCACGTTGTACCAC-3’ (SEQ ID NO: 25)

Primer pair | and primer pair 2 generate two unique PCR products. These products are then
combined in equal parts and primer pair 3 is used to join the products to generate one PCR
fragment that is cloned back into the original pCIB6850 template. The medified cry3A055
gene is then transferred to pBluescript (Stratagenc). The resulting plasmid is designated
pCMS055 and comprises the cry3JA055 gene (SEQ 1D NO: 8).

The modified Cry3A055 toxin (SEQ 1D NO: 9), encoded by the modified cry3A gene
comprised in pCMS055, has a cathepsin G recognition site, comprising the amino acid
sequence AAPF (SEQ ID NO: 35), inserted in domain I between amino acids 107 and 111 of
the unmodified Cry3A toxin (SEQ ID NO: 4): The cathepsin G recognition site is adjacent to
a natural trypsin and chymotrypsin recognition site.

-4] -



10

15

20

‘25

30

WO 43/018810 PCTIEPOZINITHY

cry3A058 comprised in pCMS058

cry3A058 (SEQ ID NO: 14) comprises a nucleotide sequence cncoding a modified Cry3A
toxin. Three overlap PCR primer pairs are used to insert the nuclcotide sequence cncoding the

cathepsin G recognition sitc into the unmodified maize optimized cry3A:

1. SalExt - 5’-GAGCGTCGACTTCTTCAAC-3’ (SEQ ID NO: 27)
AAPF-Y2 - 5'-GAACGGTGCAGCGTATTGGTTGAAGGGGGC-3' (SEQ ID NO: 28)

2. AAPF-Y] - 5’-GCTGCACCGTTCTACTTCGACAAGACCATC-Y’ (SEQ ID NQ: 29)

SacExt — 5'-GAGCTCAGATCTAGTTCACGG-3’ (SEQ ID NO: 30)
3, SalExt - 5'-GAGCGTCGACTTCTTCAAC-3’ ' (SEQ ID NO; 27)
SacExt - 5'-GAGCTCAGATCTAGTTCACGG-3’ (SEQ IDNO: 30)

Primer pair 1 and primer pair 2 generate two unique PCR products. These products are then
combined in equal parts and primer pair 3 is used to join the products to generate one PCR
fragment that is cloned back into the original pCIB6850 template. The modified cry3A058
gene is then transferred to pBluescript (Stratagerie). The resulting plasmid is designated
pCMS058 and comprises the cry3A058 gene (SEQ ID NO: 14).

The modified Cry3A058 toxin (SEQ ID NO: 15), encoded by the modified cry3A gene, has a
cathepsin G recognition site, comprising the amino acid sequencc AAPF (SEQ [D NQ: 35),
inserted in domain I]1 between amino acids 540and 541 of the unmodified Cry3A 1oxin (SEQ

ID NO: 4). The cathepsin G recognition site is within a naturally occurring chymotrypsin

recognition site.

pCMS082 comprising cry3AQ82

cry3A082 (SEQ ID NO: 12) comprises a nucleotide scquence encoding a modified Cry3A
toxin. A QuikChange Site Directed Mutagenesis PCR primer pair is used to insert the

nucleotide sequence encoding the cathepsin G recognition site into the unmodified maize

optimized cry3A:
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BBmod1 - 5'-CGGGGCCCCCGCTGCACCGTTCTACTTCGACA-Y’ (SEQ ID NO: 31)
BBmod2 - 5°-TGTCGAAGTAGAACGGTGCAGCGGGGGCCCCG-3'  (SEQID NO: 32)

The primer pair generates a unique PCR product. This product is cloned back into the original
pCIB6850 template. Thc modificd c;-y3A082 gene is then transferred to pBluescript
(Stratagene). The resulting plasmid is designatcd pCMS082 and comprises the ¢/y3A082 genc

(SEQ ID NO: 12).

The modified Cry3A082 toxin (SEQ ID NO: 13), encoded by the modified cry3A gene, has a
cathepsin G recognition site, comprising the amino acid sequence AAPF (SEQ ID NO: 35),
inscrted in domain I1] between amino acids 539 and 542 of the unmodified Cry3A toxin (SEQ
ID NQ: 4). The cathepsin G recognition site replaces a naturally occurring chymotrypsin

recognition site.

cry3A056 comprised in pCMS056
cry3A056 (SEQ ID NO: 18) comprises a nucleotide sequence encoding a modified Cry3A

toxin. Six overlap PCR primer pairs arc used to insert two cathepsin G recognition sites into

the unmodified cry3A:

1. BamExt] - 5’-GGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
AAPFtail3 - 5’-GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3’ (SEQ ID NO: 23)

2. AAPFtail4 — 5’-GCTGCACCGTTCCGCAACCCCCACAGCCA-¥ (SEQ ID NO: 26)

XbalExt2 — §’-TCTAGACCCACGTTGTACCAC-3' (SEQ ID NO: 25)
3. BamExtl - 5"-GGATCCACCATGACGGCCGAC-3' (SEQ ID NO: 22)
XbalExt2 — 5-TCTAGACCCACGTTGTACCAC-3' (SEQ ID NO: 25)
4. SalExt— 5'-GAGCGTCGACTTCTTCAAC-3' (SEQ ID NO: 27)
AAPF-Y2 - §*-GAACGGTGCAGCGTATTGGTTGAAGGGGGC-3' (SEQ 1D NO: 28)
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5. AAPF-YI] - 5'-GCTGCACCGTTCTACTTCGACAAGACCATC-3’ (SEQ ID NO: 29)

SacExt - 5'-GAGCTCAGATCTAGTTCACGG-3’ (SEQ ID NO: 30)
6. SalExt — 5’-GAGCGTCGACTTCTTCAAC-3' (SEQ ID NO: 27)
SacExt - 5°-GAGCTCAGATCTAGTTCACGG-3' (SEQ ID NO: 30)

Primer pair 1 and primer puir.2 generate two unique PCR products. These products are
combined in equal parts and primer pair 3 is used to join the products to generate one PCR
fragment that is cloned back into the original pCIB6850 plasmid. The modified cry3A055
gene is then transferred to pBluescript (Stratagene). The resulting plasmid is designated
pCMSO0S55. Primer pair 4 and primer pair § g'cncrate another unique sct of fragments that are
Jjoined by another PCR with primer pair 6. This fragment is cloned into domain 111 of the
modified cry3A055 gene comprised in pCMS055. The resulting plasmid is designated
pCMS056 and comprises the cry3A056 genc (SEQ ID NO: 18).

The modified Cry3A056 toxin (SEQ ID NO: 19), encoded by the modified cry3A gene, has a
cathepsin G recognition site, comprising the amino acid sequence AAPF (SEQ ID NO: 35),
inserted in domain I between amino acids 107 and 111 and in domain [1I between amino acids
540 and 541 of the unmodified Cry3A toxin (SEQ 1D NO: 4). The cathepsin G recognition
site is adjacent to a naturally occurring trypsin and chymotrypsin recognition site in domain 1

and is within a naturally occurring chymotrypsin recognition site in domain [II.

cry3A057 comprised in pCMS057

cry3A057 (SEQ ID NO: 16) comprises a nucleotide sequence cncoding a modified Cry3A

toxin. Six overlap PCR primer pairs are uscd to insert two cathepsin G recognition sites into

the unmodified cry3A:

1. BamExtl - 5'-GGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
AAPFtail3 - 5'-GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3’ (SEQ ID NO: 23)
2. TaitSmod - 5'-GCTGCACCGTTCCCCCACAGCCAGGGCCG-3' (SEQ ID NO: 24)
XbalExt2 - 5'-TCTAGACCCACGTTGTACCAC-3' (SEQID NO: 25)
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3. BamExt] - 5'-GGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
XbalExt2 - 5'-TCTAGACCCACGTTGTACCAC-¥’ (SEQ ID NO: 25)

4, SalExt - 5'-GAGCGTCGACTTCTTCAAC-3’ (SEQ ID NO: 27)
AAPF-Y2 ~ 5'-GAACGGTGC_AGCGTATTGGTTGAAGGGGGC-3' (SEQ ID NO: 28)

5. AAPF-YI - 5"-GCTGCACCGTTCTACTTCGACAAGACCATC-¥’ (SEQ ID NO: 29)

SacExt - 5’-GAGCTCAGATCTAGTTCACGG-3’ (SEQ ID NO: 30)
6. SalExt - 5’-GAGCGTCGACTTCTTCAAC-3’ (SEQ ID NO: 27)
SacExt - 5’-GAGCTCAGATCTAGTTCACGG-3’ (SEQ ID NO: 30)

Primer pair 1 and primer pair 2 generate two unique PCR products. These products are
combined in cqual parts and primer pair 3 is used to join the products to generate onc PCR
fragment that is cloned back into the original pCIB6850 plasmid. The modified cry3A054
gene is then transferred to pBluescript (Stratagene). The resulting plasmid is designated
pCMS054. Primer pair 4 and primer pair 5 generate another unique set of fragments that are
joined by another PCR with primer pair 6. This fragment is cloned into domain 111 of the
modified cry3A054 gene comprised in pCMS054, The resulting plasmid is designated .
pCMS057 and comprises the cry3A057 gene (SEQ 1D NO: 16).

The modified Cry3A057 toxin (SEQ ID NO: 17), encoded by the modified cry3A gene, has a
cathepsin G recognition site, comprising the amino acid sequence AAPF (SEQ ID NO: 35),
inserted in domain I between amino acids 107 and 113 and in domain 111 between amino acids
540 and 541 of the unmodified Cry3A toxin (SEQ ID NO: 4). The cathepsin G recognition
site replaces a naturally occurring trypsin recognition site and is adjacent to a naturally
occurring chymotrypsin recognition site in domain I and is within a naturally occurring

chymotrypsin recognition site in domain II1.
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cry3A083 comprised in pCMS083

cry3A083 (SEQ ID NO: 20) comprises a nucleotide sequence encoding a modified Cry3A
toxin. Three overlap PCR primer pairs and one QuikChange Site Directed Mutagenesis PCR

primer pair are used to insert two cathepsin G recognition sites into the unmodified cry3A:

1. BamExt] - 5’-GGATCCACCATGACGGCCGAC-3' (SEQ ID NO: 22)
AAPFuil3 - 5'-GAACGGTGCAGCGGGGTTCTICTGCCAGC-3' (SEQ ID NO: 23)

2. AAPFtail4 — 5’-GCTGCACCGTTCCGCAACCCCCACAGCCA-¥’ (SEQ ID NO: 26)

XbalExt2 — 5'-TCTAGACCCACGTTGTACCAC-3' (SEQ ID NO: 25)
3. BamExt! - 5'-~GGATCCACCATGACGGCCGAC-¥' (SEQ ID NO: 22)
XbalExt2 - 5"-TCTAGACCCACGTTGTACCAC-3’ (SEQ ID NO: 25)

BBmod! - 5’-CGGGGCCCCCGCTGCACCGTTCTACTTCGACA-3 (SEQ ID NO: 31)
BBmod2 - 5’-TGTCGAAGTAGAACGGTGCAGCGGGGGCCCCG-3" (SEQID NO: 32)

Primer pair 1 and primer pair 2 generatc two unii;ue PCR products. Thesec products are
combined in equal parts and primer pair 3 is used to join the products to generate one PCR
fragment that is cloned back into the original pCIB6850 plasmid. The modified cry3A055
gene is then transferred to pBluescript (Stratagene). The resulting plasmid is designated
pCMSO055. Primer pair 4 generatcs another unique fragment that is cloned into domain 11T of
the modified cry3A compriscd in pCMS055. The resulting plasmid is designated pCMS083
and comprises the cry3A083 gene (SEQ ID NO: 20).

The modified Cry3A083 toxin (SEQ ID NO: 21), encoded by the modified cry3A gene, has a
cathepsin G recognition site, comprising the amino acid sequence AAPF (SEQ ID NO: 35),
inserted in domain I between amino acids 107 and 111 and between amino acids 539 and 542
of the unmodified Cry3A toxin (SEQ ID NQO: 4). The cathepsin G recognition site is adjacent
to a naturally occurring trypsin and chymotrypsin recognition site in domain I and replaces a

naturally occurring chymotrypsin recognition site in domain III.
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3A085 comprised in pCMS0B5
The cry3A085 gene (SEQ ID NO: 10) compriscs a cathepsin G coding sequence at the same
position as in the cry3A055 gene described above. The cry3A085 genc has an additional 24
nucleotides inserted at the 5° end which encode amino acids 41-47 of the deduced amino acid
sequence set forth in SEQ 1D NO: 2 as well as an additional methionine. The additional
nucleotides are inserted at the 5° cnd of the cry3A055 pene using the following PCR primer

pair:

mo3Aext- 5'-GGATCCACCATGAACTACAAGGAGTTCCTCCGC-
ATGACCGCCGACAAC-3’ (SEQ ID NO: 33)

CMS16 - 5’-CCTCCACCTGCTCCATGAAG-3’ (SEQ ID NO: 34)

The modified Cry3A08S5 toxin (SEQ ID NO: 11), encoded by the modified c/)y3A gene, has a
cathepsin G recognition site; comprising the amino acid sequence AAPF (SEQ ID NO: 35),
inscrted in domain I between amino acids corresponding to 107 and 111 of the unmodified
Cry3A toxin (SEQ ID NO: 4) and has an additional eight amino acid residues at the N-

terminus of which the second residue corresponds to amino acid number 41 of the amino acid

sequence set forth in SEQ ID NO: 2.

Example 4: Insecticidal Actlvity of Modified Cry3A Toxins

Modificd Cry3A toxins are lested for insecticidal activity against western com rootworm,
northem comn rootworm and southerm corn rootworm in insect bioassays. Bioassays are
performed using a diet incorporation method. E. coli clones that express one of the modified
Cry3A toxins of the invention are grown overnight. 500 ul of an overnight culture is sonicated
and then mixed with 500 ul of molten artificial diet (Marrone et al. (1985) J, of Economic
Entomology 78:290-293). Once the diet solidifies, it is dispensed in a petri-dish and 20
nconate corn rootworm are placed on the diet. The petri-dishes are held at 30°C. Mortality is
recorded after 6 days. All of the modified Cry3A toxins cause 50%-100% mortality to westemn
and northern comn rootworm whereas the unmodified Cry3A toxin causes 0%-30% mortality.

Nonc of the modified Cry3A toxins have acli\;fity against southern comn rootworm.
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Creation of Transgenic Maize Plants Comprising Modified cry3A Coding
Sequences
Three modified cry3A gencs, cry3A055, representative of a domain I modification,

cry3A058, representative of a domain 111 modification, and cry3A056, representative of a

Example 5:

domain I and domain III modification, are chosen for transformation into maize plants. An
expression casseltc comprising a modified cry3A coding scquence is transferrcd to a suitable
vector for Agrobacterium-mediated maize transformation. For this example, an expression
cassetie compriscs, in addition to the modificd cry3A gene, the MTL promoter (U.S. Pat. No.
5,466,785) and the nos terminater which is known in the art.

Transformation of immature maize embryos is performed essentially as described in Negrotto
et al., 2000, Plant Cell Reports 19: 798-803. For this example, all media constituents are as
described in Negrotto ef al., supra. However, various media constituents known in the art may
be substituted.

The genes used for ransformation are cloned into a vector suitable for maize transformation.
Vectors used in this example contain the phosphomannose isomerase (PMI) gene for selection
of transgenic lines (Negrotto ef al. (2000) Plant Cell Reports 19: 798-803).

Agrobacterium strain LBA4404 (pSB1) containing the plant transformation plasmid is grown
on YEP (yeast extract (5 g/L), peptone (10g/L), NaCl (5g/L), 15g/1 agar, pH 6.8) solid
medium for 2 — 4 days at 28°C. Approximately 0.8X 10? Agrobacterium are suspended in LS-
inf media supplemcnted with 100 uM As ('Ne.grono et al.,(2000) Plant Cell Rep 19: 798-803).
Bacteria are pre-induced in this medium for 30-60 minutes.

Immature embryos from A188 or other suitable genotype are excised from 8 — 12 day old ears
into liquid LS-inf + 100 uM As. Embryos are rinsed once with fresh infection medium.
Agrobacterium solution is then added and embryos are voriexed for 30 seconds and allowed
to settle with the bactcria for 5 minutes. The embryos arc then transferred scutellum sidc up
to LSAs medium and cultured in the dark for two to three days. Subscquently, betwecen 20
and 25 embryos per petri plate are transferred to LSDc medium supplemented with cefotaxime
{250 mg/1) and silver nitrate (1.6 mg/l) and cultured in the dark for 28°C for 10 days.
Immature embryos, producing embryogenic callus are transferrcd to LSD1IMO0.5S medium.

The cultures are selected on this medium for 6 weeks with a subculture step at 3 weeks.
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Surviving calli are transferred to Regl medium supplemented with mannose. Following
culturing in the light (16 hour light/ 8 hour dark regiment), green tissues are then transferred
to Reg2 medium without growth regulators and incubated for 1-2 weeks, Plantlets are
transferred to Magenta GA-7 boxes (Magenta Corp, Chicago 111.) containing Reg3 medium
and grown in the light. After 2-3 weeks, plants are tested for the presence of the PMI penes
and the modified cry3A penes by PCR. Positive plants from the PCR assay are transfcrred to

the greenhouse and tested for resistance to corn rootworm.

Example 6: Analysis of Transgenic Maize Plants
Corn Rootworm EfTicacy

Root Excision Bioassay
Plants arc sampled as they are being transplanted from Magenta GA-7 boxes into soil. This

allows the roots (o be sampled from a reasonably sterile environment relative to soil
conditions. Sampling consists of cutting a small piece of root (ca. 2-4 cm long) and placing it
om(.} enriched phytagar (phytagar, 12 g., sucrose, 9 g., MS salts, 3 ml,, MS vitamins, 3 ml,,
Nystatin{(25mg/ml), 3 ml.,, Cefotaxime (50mg/ml}, 7 ml., Aureomycin (50 mg/ml), 7 ml.,
Streptomycin (50mg/ml), 7 ml., dH;0, 600 ml) in a small petri-dish. Negative controls are
either transgenic plants that are PCR negative for the modified cry3A gene from the same
experiment, or from non-transgenic plants (of a similar size to test plants) that are being
grown in the phytotron. If sampling control roots from soil, the root samples are washed with
water to remove soil residue, dipped in Nystatin solution (Smg/ml), removed from the dip,
blotted dry with paper toweling, and placed into a phytagar dish.

Root samples are inoculated with western com-rootworms by placing 10 first instar larvae
onto the inside surface of the lid of each phytagar dish and the lids then tightly resealed.
Larvae are handled using a finc tip paintbrush. After all dishes are inoculated, the tray of
dishes is placed in the dark at room temperature until data collection.

At 3-4 days post inoculation, data is collected. The percent montality of the larvae is
calculated along with a visual damage rating of the root. Feeding damage is rated as high,

moderate, low, or absent and given a numerical value of 3, 2, | or 0, respectively. Root
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samples causing at lcast 40% mortality and having a damage rating of 2 or less are considcred

positive.
Results in the following table show that plants expressing a modified Cry3A toxin cause from
40-100% mortality 10 western corn roolworm whereas control plants cause 0-30% mortality.

Also, plants expressing a modified Cry3A toxin sustain significantly lcss feeding damage than

control plants.

Table 2
Percent Mortality
T0 Modified Cry3A Per Plant Mcan Damage Rating

Event | ToxinExpressed | A B C D E Pecr Event
240A7 Cry3A05S 80 40 80 60 0.8
24082 Cry3A055 60 60 60 80 1.25
24089 Cry3A0S5S 40 60 60 100 1
240810 Cry3AQS5 80 40 60 60 1
240A15 Cry3A055 80 60 50 70 70 0.6
240A5 Cry3A055 60 80 60 0.33
240A9 Cry3A0SS 50 60 60 70 70 1.6
244A4 Cry3A058 50 1
244A7 Cry3A058 40 40 60 1.3
244A5 Cry3A058 50 |
244B7 Cry3A058 90 1
244B6 Cry3A058 50 40 60 1
243A3 CrylA056 50 90 80 60 1.25
243A4 Cry3A0S56 50 80 60 1.7
243B1 Cry3A056 80 90 0.5
243B4 Cry3A056 70 60 50 80 1.5
245B2 Cry3A056 90 50 70 60 l
WT] - 0 102010 0O 2.6
WwT2 - 0 30 0 0 20 2.8
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Whol¢ Plant Bioassay

Some positive plants identified using the root cxcision bioassay described above are evaluated
for western corn rootworm resistance using a whole plant bioassay. Plants are infested
gencrally within 3 days after the root excision assay is completed.

Western comn rootworm eggs are preincubated so that hatch occurs 2-3 days after plant

inoculation. Eggs are suspended in 0.2% agar and applied to the soil around test plants at

approximately 200 eggs/plant.
Two weeks afier the cggs hatch, plants are evaluated for damage caused by western corn

rootworm larvae. Plant height attained, lodging, and root mass are criteria used to dctermine
if plants arc rcsistant to western corn rootworm feeding damage. At the time of evaluation,
control plants typically are smaller than modified Cry3A plants. Also, non-transgenic control
plants and plants expressing the unmodificd Cry3A toxin encoded by thc maize optimized
cry3A gene have lodged during this time duc to severe pruning of most of the roots resulting
in no root mass accumulation. At the time of evaluation, plants expressing a modified Cry3A
toxin of the invention are taller than control plants, have not lodged, and have a large intact

root mass due to the insecticidal activity of the modified Cry3A toxin,

ELISA Assay
ELISA analysis according to the method disclosed in U.S. Patent No. 5,625,136 is used for the

quantitative determination of the level of modified and unmodified Cry3A protein in

transgenic plants.
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Table 3: Whole Plant Bioassay Results and Protein Levels
viaiza Plant | Toxin Exprassed | in Roots (agimg) | 7™ L9850 | Rooy Mass

240A2E modified CryJA055 224 - +
240A9C modificd Cry3A055 71 - +
240B9D modified Cry3A055 - 204 - +
240B9E modificd Cry3A055 186 - +
240B10D | modified Cry3A055 104 - +
240B10E | modified Cry3A055 70 - +
240A15E | modificd Cry3A055 122 - +
240B4D modified Cry3A055 97 - +
243B5A modified Cry3A056 4} - +
244A7A modified Cry3A058 191 - +
710-2-5] maize optimized 39 + -
710-2-54 maize optimized 857 + -
710-2-61 maize optimized 241 + -
710-2-67 maize optimized 1169 + -
710-2-68 maize optimized 531 + -
710-2-79 maize optimized 497 + -
710-2-79 maize optimized ' 268 + -
WT1 Control - 0 + .
WT2 Control - 0 + -
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What Is claimed is:
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2.
3
20
4.
1] 5.
25
6.
7.
30

An isolated nucleic acid molecule comprising a nucleotide sequence that encodes a
modified Cry3A toxin comprising a non-naturally occurring protease recognition site,
wherein said protease recognition site modifies a Cry3A toxin and is located at a

position selected from the group consisting of:
a) a position between amino acids corresponding to amino acid numbers 107 and 115

of SEQ ID NO:4, _
b) a position between amino acids corresponding to amino acid numbers 536 and 542

of SEQ ID NO:4; and
¢) a position between amino acids corresponding to amino acid numbers 107 and 115
of SEQ ID NO:4, and between amino acids corresponding to amino acid numbers
536 and 542 of SEQ ID NO:4,
wherein said protcase recognition site is recognizable by a gut protease of western com
rootworm, and wherein said modified CryJA toxin causes higher mortality to westem
corn rootworm than the mortality caused by said CryJA toxin to western com rootworm

in an artificial diet bioassay.
The isolated nucleic acid molecule according to claim I, wherein said gut protease is

cathepsin G.

The isolated nucleic acid molecule according to claim 1, wherein said protease
recognition site is located between amino acid numbers 107 and 115 of SEQ ID NO:4.
The isolated nucleic acid molecule according to claim 1, wherein said protease
recognition site is located between amino acids corresponding to amino acid numbers
107 and 113 of SEQ.ID NO:4.

The isolated nucleic acid molecule according to claim 4, wherein said protease
recognition site is located between amino acid numbers 107 and 113 of SEQ ID NO:4.
The isolated nucleic acid molecule according to claim 1, wherein said protease
recognition site is located between amino acids corresponding to amino acid numbers
107 and 111 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 6, wherein said protease

recognition site is located between amino acid numbers 107 and 111 of SEQ ID NO:4.
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14.

15.
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The isolated nucleic acid molecule according to claim 1, wherein said protease site is
located between amino acid numbers 536 and 542 of SEQ ID NO:4.
The isolated nucleic acid molecule according to claim 1, wherein said protease

'recognition site is Jocated between amino acids corresponding to amino acid numbers

536 and 541 of SEQ ID NO:4.
The isolated nucleic acid molecule according to claim 9, wherein said additional

protease site is located between amino acid numbers 536 and 541 of SEQ ID NO:4.
The isolated nucleic acid molecule according to claim 1, wherein said protease
recognition site is located between amino acids corresponding to amino acid numbers
540 and 541 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 11, wherein said protease site is
located between amino acid numbers 540 and 541 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 1, wherein said protease
recognition site is located between amino acid numbers 107 and 115 of SEQ ID NO:4
and between amino acid numbers 536 and 542 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 1, wherein said protease
recognition site is located between amino acids corresponding to amino acid numbers
107 and 113 of SEQ ID NO:4 and between amino acids corresponding to amino acid -
numbers 540 and 541 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 14, wherein said protease
recognition site is located between amino acid numbers 107 and 113 of SEQ ID NO:4
and between amino acid numbers 540 and 541 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 1, wherein said protcase
recognition site is located between amino acids corresponding to amino acid numbers.
107 and 111 of SEQ ID NO:4 and between amino acids corresponding to amino acid
numbers 536 and 541 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 16, wherein said protease

recognition site is located between amino acid numbers 107 and 111 of SEQ ID NO:4
and between amino acid numbers 536 and 541 of SEQ ID NO:4.
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The isolated nucleic acid molecule according to claim 1, wherein said protease
recognition site is located between amino acids comresponding to amino acid numbers
107 and 111 of SEQ ID NO:4 and between amino acids corresponding to amino acid
numbers 540 and 541 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 18, wherein said protease
recognition site is located between amino acid numbers 107 and 111 of SEQ ID NO:4
and between amino acid numbers 540 and 541 of SEQ ID NO:4.

The isolated nucleic acid molecule according to claim 1, wherein said modified Cry3A
toxin causes at least 50% mortality to western com rootworm to which said Cry3A toxin
causes up to 30% mortality. '

The isolated nucleic acid molecule according to clsim 1, wherein said nucleotide
sequence comprises nucleotides 1-1791 of SEQ ID NO: 6, nucleotides 1-1806 of SEQ
ID NO: 8, nucleotides 1-1812 of SEQ ID NO: 10, nucleotides 1-1794 of SEQ ID NO:
12, nucleotides 1-1818 of SEQ ID NO: 14, nucleotides 1-1812 of SEQ ID NO: 16,
nucleotides 1-1791 of SEQ ID NO: 18, or nucleotides 1-1818 of SEQ ID NO: 20.

The isolated nucleic acid molecule according to claim 1, wherein said modified Cry3A
toxin comprises the amino acid sequence set forth in SEQ ID NO: 7, SEQ ID NO: 9,
SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, or
SEQ ID NO: 21.

The isolated nucleic acid molecule according to claim 1, wherein said modified Cry3A
toxin is active against northern com rootworm. '

A chimeric construct comprising a heterologous promoter sequence operatively linked to
the nucleic acid molecule of claim 1.

A recombinant vector comprising the chimeric construct of claim 24,

A transgenic non-human host cell comprising the chimeric construct of claim 24.

The transgenic host cell according to claim 26, which is a bacteriat cell.

The transgenic host cell according to claim 26, which is a plant cell.

A transgenic plant comprising the transgenic plant cell of claim 28.

The transgenic plant according to claim 29, wherein said plant is a maize plant.
Transgenic secd from the transgenic plant of claim 29.

Transgenic seed from the maize plant of claim 30.
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An isolated toxin produced by the expression of the nucleic acid molecule according to
claim 1. )

The isolated toxin according to claim 33, wherein said toxin is produced by the
expression of a nucleic acid molecule comprising nucleotides 1-1791 of SEQ ID NQ: 6,
nucleotides 1-1806 of SEQ ID NO: 8, nucleotides 1-1812 of SEQ ID NO: 10,
nucleotides 1-1794 of SEQ ID NO: 12, nucleotides 1-1818 of SEQ ID NO: 14,
nucleotides 1-1812 of SEQ ID NO: 16, nucleotides 1-1791 of SEQ ID NO: 18, or

nucleotides 1-1818 of SEQ ID NO: 20.
The isolated toxin according to claim 33, wherein said toxin has activity against northem

corm rootworm.

The isolated toxin according to claim 33, wherein said toxin comprises the amino acid
sequence set forth in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13,
SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21.

A composition comprising an effective amount of the toxin of claim 33 to cause
mortality to western com rootwaorm.

A transgenic maize plant comprising a nucleotide sequence that encodes a2 modificd
Cry3A toxin comprising a non-naturally occurring protease recognition site, wherein
said protease recognition site modifies a Cry3A toxin and is located at a position

selected from the group consisting of:
8) a position between amino acids corresponding to amino acid numbers 107 and 115

of SEQ ID NO:4;

b) a position between amino acids corresponding to amino acid numbers 536 and 542
of SEQ ID NO:4; and

c) a position between amino acids corresponding to amino acid numbers 107 and 115
of SEQ ID NO:4, and between amino acids corresponding to amino acid numbers
536 and 542 of SEQ ID NO:4,

wherein said protease recognition site is recognizable by a gut protease of western comn

rootworm, and wherein said transgenic plant expresses said modified Cry3A toxin in

root tissuc at a level that causes mortality to western com rootworm.

The transgenic maize plant according to claim 38, wherein said protease recognition site

is located between amino acid numbers 107 and 111 of SEQ ID NO:4.
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The transgenic maize plant according to claim 38, wherein said protease recognition site

is located between amino acid numbers 540 and 541 of SEQ ID NO:4.
The transgenic maize plant according to claim 38, wherein said protease recognition site

is located between amino acid numbers 107 and 111 of SEQ ID NO:4 and between

amino acid numbers 540 and 541 of SEQ ID NO:4.
The transgenic maize plant according to claim 38, wherein said nucleotide sequence

comprises nucleotides 1-1806 of SEQ ID NO: 8, nucleotides 1-1818 of SEQ ID NO: 14,
or nucleatides 1-1791 of SEQ ID NO: 18.

The transgenic maize plant according to claim 38, wherein said modified Cry3A toxin
comprises the amino acid sequence set forth in SEQ ID NO: 9, SEQ 1D NO: 15, or SEQ

ID NO: 19.
The transgenic maize plant according to claim 38, wherein said root Lissue causes 100%

mortality to western com rootworm.
The transgenic maize plant according to claim 38, wherein said root tissue causes 90%
mortality to western corn rootworm.

The transgenic maize plant according to claim 38, wherein said root tissue causes 80%

mortality to western corn roolworm.
The transgenic maize plant according to claim 38, wherein said root tissue causes 70%

mortality to western corn roolworm.
The transgenic maize plant according to claim 38, wherein said root tissue causes 60%
mortality to western corn rootworm.

The transgenic maize plant according to claim 38, wherein said root tissue causes 50%
mortality to western corn rootworm.

The transgenic maize plant according to claim 33, wherein said root tissue causes 40%
mortality to western com rootworm.

The transgenic maize plant according to claim 38, wherein said transgenic plant
expresses said modified Cry3A toxin at a level sufficient to prevent western com
rootworm from severely pruning the roots of the transgenic plant.

The transgenic maize plant according to claim 38, wherein said transgenic plant
expresses said modified Cry3A toxin at a level sufficient to prevent western com

rootworm feeding damage from causing the plant to lodge.
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53.

54,

55.

36.
37.

38.

59,

60.

The transgenic maize plant according to any one of claims 38-52, which is an inbred

plant.
The transgenic maize plant according to any one of claims 38-52, which is a hybrid

plant.

Transgenic seed from the plant of claim 53.

Transgenic seed from the plant of claim 54.

A modified Cry3A toxin comprising a non-naturally occurring protease recognition site,
wherein said protease recognition site modifies a Cry3A toxin and is located at a
position selected from the group consisting of:

a) a position between amino acids corresponding to amino acid numbers 107 and 115

of SEQ ID NO4,
b) a position between amino acids corresponding to amino acid numbers 536 and 542

of SEQ ID NO:4; and
c) a position between amino acids corresponding to amino acid numbers 107 and 115
of SEQ ID NO:4, and between amino acids corresponding to amino acid numbers
536 and 542 of SEQ ID NO:4,
wherein said protease recognition site is recognizable by a gut protease of western com
rootworm, and wherein said modified CryJA toxin causes higher mortality to western
corn rootworm than the mortality caused by said Cry3A toxin to western com rootworm
in an artificial diet bioassay.
The modified Cry3A toxin according to claim 57, wherein said gut protease is cathepsin
G.
The modified Cry3A toxin according to claim 57, wherein said protease recognition site
is located between amino acid numbers 107 and 115 of SEQ ID NO:4.
The modified Cry3A toxin according to claim 57, wherein said protease recognition site
is located between amino acids corresponding to amino acid numbers 107 and 113 of
SEQ ID NO:4.
The modified Cry3A toxin according to claim 60, wherein said protease recognition site
is located between amino acid numbers 107 and 113 of SEQ ID NO:4.
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62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

The modified Cry3A toxin according to claim 57, wherein said protecase recognition site
is Jocated between amino acids corresponding to amino acid numbers 107 and 111 of
SEQ ID NO:4.

The modified Cry3A toxin according to claim 62, wherein said protease recognition site
is located between amino acid numbers 107 and 111 of SEQ [D NO:4.

The modificd Cry3A toxin according to claim 57, wherein said protease site is located
between amino acid numbers 536 and 542 of SEQ ID NO:4.

The modified Cry3 A toxin according to claim 57, wherein said protease recognition site
is located between amino acids corresponding to amino acid numbers 536 and 541 of
SEQ ID NO:4,

The modified Cry3A toxin according to claim 65, wherein said additional protease sitc is
located between amino acid numbers 536 and 541 of SEQ ID NO:4.

The modified Cry3A toxin according to claim 57, wherein said protease recognition site
is located between amino acids corresponding to amino acid numbers 540 and 54} of
SEQIDNO4.

The modified Cry3A toxin according to claim 67, wherein said protease site is located
between amino acid numbers 540 and 541 of SEQ ID NO:4.

The modified Cry3A toxin according to claim 57, wherein said proteasc recognition site
is located between amino acid numbers 107 and 115 and between amino acid numbers
536 and 542 of SEQ ID NO:4.

The madified Cry3A toxin according to claim 57, wherein said protease recognition site
is located between amino acids comesponding to amino acid numbers 107 and 113 of
SEQ ID NO:4 and between amino acids corresponding to amino acid numbers 540 and
541 of SEQ ID NO:4.

The modified Cry3A toxin according to claim 70, whercin said protease recognition site
is located between amino acid numbers 107 and 113 of SEQ ID NO:4 and between
amino acid numbers 541 and 541 of SEQ ID NO:4.

The modified Cry3A toxin according to claim 57, wherein said protease recognition site
is located between amino acids comresponding to amino acid numbers 107 and 11! of
SEQ ID NO:4 and between amino acids corresponding to amino acid numbers 536 and
54] of SEQ ID NO:4.
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73.

74.

75.
76.

77.

78.

79.

80.

The modified Cry3A toxin according to claim 72, wherein said protcase recognition site
is located between amino acid numbers 107 and 111 of SEQ ID NO:4 and between
amino acid numbers 536 and 541 of SEQ ID NO:4.

The modified Cry3A toxin according to claim 57, wherein said protease recognition site
is located between amino acids corresponding to amino acid numbers 107 and 111 of
SEQ ID NO:4 and between amino acids corresponding to amino acid numbers 540 and

541 of SEQ ID NO:4.

The modified Cry3A toxin according to claim 74, wherein said protease recognition site
is located between amino acid numbers 107 and 111 of SEQ ID NO:4 and between
amino acid numbers 540 and 541 of SEQ ID NO:4. |

The modified Cry3A toxin according to claim 57, wherein said modified Cry3A toxin
causes at least 50% mortality to western corn rootworm to which said Cry3A toxin
causes up to 30% mortality.

The modified Cry3A toxin according to claim 57 which is encoded by nucleotides 1-
1791 of SEQ ID NO: 6, nucleotides 1-1.806 of SEQ ID NQ: 8, nucleotides 1-1812 of
SEQ ID NO: 10, nucleotides 1-1794 of SEQ ID NO: 12, nucleotides 1-1818 of SEQ ID
NO: 14, nucleotides 1-1812 of SEQ ID NO: 16, nucleotides 1-1791 of SEQ ID NO: 18,
or nucleotides 1-1818 of SEQ ID NO: 20."

The modified Cry3A toxin according to claim 57 comprising the amino acid sequence
set forth in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQID
NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21.

The modified Cry3A toxin according to claim 57 which is active against northern corn
rootworm.

A method of controlling infestation of maize plants by western com rootworm, the
method comprising:

(a) providing the transgenic maize plant according to claim 38; and

(b) contacting said western com rootwgrm with the plant.

-60-



p——

15

20

25

30

WO 03018810

81.

82,

83.

84,

8s.

Y

PCT/EPO2/YTRY L,b

A method of producing a modificd Cry3A toxin, comprising:

(x) obtaining the transgenic host cell according to claim 27;

(b) culturing the transgenic host cell under conditions that allow the expression of the
modified Cry3A toxin; and

(c) recovering the expressed modified Cry3A toxin.

A method of producing insect-resistant plants, comprising:

(a) stably integrating the nucleic acid molecule according to claim 1 into the genome of

plant cells; and
(b) regenerating stably transformed plants from said transformed plant cells, wherein

said stably transformed plants express an effective amount of a modified Cry3A
toxin to render said transformed plant resistant to at least western com rootworm.

A method of controlling at least western corn rootworm, comprising delivering orally to

western com rootworm an effective amount of a toxin according to claim 33.

A method of making a modified Cry3A toxin, comprising:

(a) obtaining a cry3A gene which encodes a Cry3A toxin;

{b) identifying a gut protease of western corn rootworm;

(c) obtzining a nucleotide sequence which encodes a recognition site for said gut
protease; -

(d) inserting said nucleotide sequence into said cry3A gene, such that said recognition
site is located in said Cry3 A toxin at a position between amino acids corresponding
to amino acid numbers 107 and 115 of SEQ ID NO:4, or at a position between
amino acids corresponding to amino acid numbers 5§36 and 542 of SEQ 1D NO:4, or
at a position between amino acids corresponding to amino acid numbers 107 and
115 of SEQ ID NO:4 and between amino acids corresponding to amino acid
numbers 536 and 542 of SEQ ID NO:4, thus creating a modified cry3A gene;

() inserting said modified cry3A gene into an expression cassette; and

(f) transforming said expression cassette into a non-human host cell, wherein said host
cell produces a modified Cry3A toxin.

A modified cry3A gene comprising a nucleotide sequence that encodes a modified

Cry3A toxin comprising a non-naturally occurring protease recognition site, wherein

said modified cry3A gene comprises a coding sequence encoding said protease
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86.
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89.

90.

9l

92.
93.

recognition site, wherein said coding sequence modifies a cry3A gene and is inserted at

a position selected from the group consisting of:
a) a position between the codons that code for amino acids corresponding to amino acid

numbers 107 and 115 of SEQ ID NO:4;
b) a position between the codons that code for amino acids comresponding to amino acid
numbers 536 and 542 of SEQ ID NO:4; and
c) a position between the codons that code for amino acids corresponding to amino acid
numbers 107 and 115 of SEQ ID NO:4, and between codons that code for amino
acids corresponding to amino acid numbers 536 and 542 of SEQ ID NO:4,
wherein said protease recognition site is recognizable by a gut protease of western com
rcotworm, and wherein said modified Cry3A toxin causes highzr mortality to western
corn rootworm than the mortality caused by said Cry3A toxin to westem com roolworm
in an artificial diet bioassay.
The modified cry3A gene according to claim 85, wherein said gut protease is cathepsin
G.
The modified cry3A gene according to claim 85, wherein said nucleotide sequence
comprises nucleotides 1-1791 of SEQ ID NO: 6, nucleotides 1-1806 of SEQ ID NO: 8,
nucleotides 1-1812 of SEQ ID NO: 10, nucleotides 1-1794 of SEQ ID NO: 12,
nucleotides 1-1818 of SEQ ID NO: 14, nucleotides 1-1812 of SEQ ID NO: 16,
nucleotides 1-1791 of SEQ ID NQO: 18, or nucleotides 1-1818 of SEQ ID NO: 20.
The modified cry3A gene according to claim 85, wherein said modified Cry3A toxin
comprises the amino acid sequence set forth in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID
NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, or SEQ ID

NO: 21.
The modified cry3A gene according to claim 85, wherein said modified Cry3A toxin is

active against northern comn rootworm.

A chimeric construct comprising a heterologous promoter sequence operatively linked to
the modified cry3 A gene of claim 85.

A recombinant vector comprising the chimeric construct of claim 90.

A transgenic non-human host cell comprising the chimeric construct of claim 90.

The transgenic host cell according to claim 92, which is a bacterial cell.
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The transgenic host cell according to claim 92, which is a plant cell.

A transgenic plant comprising the transgenic plant cell of claim 94.

The transgenic plant according to claim 95, wherein said plant is a maize plant.
Transgenic seed from the transgenic plant of claim 95.

Transgenic secd from the maize plant of claim 96.
A transgenic maize plant.comprising a modified cry3A gene comprising a nucleotide

sequence that encodes a modified Cry3A toxin comprising a non-naturally occurring

protease recognition site, whercin said modified cry3 A gene comprises a coding

sequence encoding said protease recognition site, wherein said coding sequence

modifies a cry3A gene and is inserted at a position selected from the group consisting

of:

a) a position between the codons that code for amino acids corresponding to amino acid
numbers 107 and 115 of SEQ ID NO:4;

b) a position between the codons that code for amino acids corresponding to amino acid
numbers 536 and 542 of SEQ ID NO:4; and

c) a position between the codons that code for amino acids corresponding to amino acid
numbers 107 and 115 of SEQ ID NO:4, and between codons that code for amino
acids corresponding to amino acid numbers 536 and 542 of SEQ ID NO:4,

wherein said protease recognition site is recognizable by a gut protease of western com

rootworm, and wherein said transgenic plant expresses said modified Cry3A toxin in

root tissue at a level that causes mortality to western com rootworm.

The MMéenic maize plant according to claim 99, wherein said nucleotide sequence

comprises nucleotides 1-1806 of SEQ ID NO: 8, nucleotides 1-1818 of SEQ ID NO: 14,

or nucleotides 1-1791 of SEQ ID NO: 18.

The transgenic maize plant according to claim 99, wherein said modified Cry3A toxin

comprises the amino acid sequence set forth in SEQ ID NO: 9, SEQ ID NO: 15, or SEQ

ID NO: 19.
The transgenic maize plant according to any one of claims 99-101, which is an inbred

plant.
The transgenic maize plant according to any onc of claims 99-101, which is a hybrid

plant.
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<110>

<120>

<130>

<140>
<l4l>

<150>

<151>

<160>

<170>

<210>
<211>

212>
<213>

<220>
<221>
<222>

223>
Natl. Acad. Sci. 94:

<400>
atg aat ccg aac aat
Met Asn Pro Asn Asn Arg Ser Glu

1
aat
Asn

cca
Pro

act

gtc
val
65

ggt
Gly

aat
Asn

aat
Asn

gca
Ala
50

atct
Ile

ttc
Phe

SEQUENCE LISTING

Syngenta Participations AG

60065/PCT

US 60/316421

2001-08-31

34

PatentIn Ver.

1
1932

DNA
Bacillus thuringiensis

s
{1)..(1932)

1

gag gtg cca
Glu vVal Pro
20

cca aca cta
Pro Thr Leu
k[

gat aat aat
Asp Asn Asn

caa aaa ggc
Gln Lys Gly

ccg ttt ggt
Pro Phe Gly
85

3.0

7036-7040

cga agt gaa

act aac cat
Thr Asn His

gaa gat tta
Glu Asp Leu
40

acg gaa gca
Thr Glu Ala
55

att tecc gta
Ile Ser val
70

gga gcg ctt
Gly Ala Leu

cat gat aca
His Asp Thr
10

gtt caa tat
Val Gln Tyr
25

aat tat aaa
ABn Tyr Lys

cta gat age
Leu Asp Ser

gta ggt gat
Val Gly Asp
75

gtt tcg ttt

ata
Ile

cct
Pro

gag
Glu

tct
Ser
60

ctc
Leu

tat

aaa act act
Lys Thr Thr
i5

tta gocg gaa
leu Ala Glu
30

ttt tta aga
Phe Leu Arg
45

aca aca aaa
Thr Thr Lys

cta ggc gta
Leu Gly Val

aca aac ttt

Val Ser Phe Tyr Thr Asn Phe

90

95
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Modified Cry3A Toxins and Nucleic Acid Sequences Coding Therefor

Native cry3A coding sequence according to Sekar et al. 1987, Proc.

gaa 48
Glu

act 96
Thr

atg 144
Met

gat 152
Asp

gta 240
val

80

tta 288
Leu

£8K
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aat act att
Asn Thr Ile

gta gaa gca
val Glu Ala
115

gct ctt gca
Ala leu Ala
130

agt gca ttg
Ser Ala Leu
145

cat agc cag
His Ser Gln

ttt cgt aat
Phe Arg Asn

ttt cta aca
FPhe Leu Thr
195

aaa gac gct

Lys Asp Ala
210

att
Ile
225

gct gaa
Ala Glu

gac cat tgt
Asp His Cys

tct tat
Ser Tyr

tca
Ser

tta aca
Leu Thr
275

aca
Thr

cgg cta tac

Arg Leu Tyr
290

aca gat cca
Thr Asp Pro

tag
100

ttg

gag
Glu

agt
Ser

939
Gly

tca
Ser
180

aca
Thr

caa
Gln

tte
Phe

gtc
val

gaa
Glu
260

gta
val

cca

Pro Lys Glu Val

att
Ile

cca
Pro

atg
Met

tta
Leu

tca
Ser

a9

Arg
165

atg
Met

tat
Tyr

att
Ile

tat
Tyr

aaa
Lys
245

tct
Ser

tta
Leu

gtc
val

agt gaa gac
Ser Glu Asp

aaa
Lys
120

gat cag
Asp Gln

cag ggc ctt
Gln Gly

135

aaa
Lys

tgg caa

Trp Gln
150

ata aga gag
Ile Arg Glu

cct teg ttt
Pro Ser Phe

gca caa gct
Ala Gln Ala
200

tat gga gaa

Tyr Gly Glu
215

caa
Gln

aaa aga

Lys Arg
230

aat
AsBn

tgg tat
TIp Tyr

aac
Asn

tgg gta
Trp Val

att
Ile
280

gat tta
Asp Leu

aaa
Lys

gaa gtt
295

gga gtc aac
Gly Val Asn

ccg
Pro
105
ata
Ile

caa
Gln

gca
Ala
185
gcc
Ala

gaa
Glu

cta

gtt
val

ttt
265

gca
Ala

acc

aac
Asn

PCT/EPO2/0978Y

atg gaa
Met Glu
110

caa
Gln

tgg aag gct ttt
Trp Lys Ala Phe

aaa aat
Lys Asn

aaa
Lys

tat gca

Tyr Ala
125

gct
Ala

gat
Asp

aat
Asn

gat tat
Asp Tyr

gtg
val

aat
Asn

gtc gaa
Val Glu
140

cga aat
Arg Asn

cct cca

Pro

agt tca
Ser Ser

gtg
Val
155 160
cat
His

tee
Phe
170

tct
Ser

caa gca
Gln Ala

gaa agt
Glu Ser
175

tct cta

Ser

att
Ile

gga tac
Gly Tyr

gag gtt
Glu val

190

ttt
Phe

cat tta tta cta
His Leu

205

aac aca
Asn Thr

tac gaa

Tyr Glu
220

gaa gat
Glu Asp

tgg gga
Trp Gly

aaa ctt acg caa
Lys Leu Thr Gln

235 240
gga tta gat aaa
Gly Leu Asp Lys
250

aac cgt tat cgc aga gag atg

Asn Arg Tyr Arg Arg Glu Met
270

cta ttt cca ttg tat gat gtt
Leu Phe Prov Leu Tyr Asp Val
285

gaa tta aca aga gac gtt tta
Glu Leu Thr Arg Asp Val Leu
300

ctt agg ggc tat gga aca acc
Leu Arg Gly Tyr Gly Thr Thr
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384

432

480

528

576

624

672

720

768

816

864

912

960
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305
tte
Phe

ctg

aat

agc
Ser

tce
Ser
385

aga
Arg

tca
Ser

gaa
Glu

agc
Sex

cta
Leu
465

atg
Met

agt
Ser

ccg

tct
Ser

cat
His

gac
Asp

ata
Ile
370

agt
Ser

gcc
Ala

ggt
Gly

gca
Ala

tgg
Txp
450

gaa
Glu

cag

aat
Asn

aga

tct
Ser
358

gga
Gly

gaa
Glu

gta
val

gtt
Val

agt

Ser
435

gat
Asp

aag
Lys

ggt

ata
Ile

act
Ile
340
Lte
Phe

tca
Ser

cct

gea
Ala
aca
420
aca

Thr

tct
Ser

gga
Gly

agt

Gln Gly Ser

gta
val

gac
Asp

ttt
Phe
500

gaa
Glu
325

caa
Gln

aat
Asn

gta
Val

aat
Asn
405

aaa
Lys

caa
Gln

atc
Ile

tat
Tyr

aga

Arg
485

ttt
Phe

310

aat tat att cga aaa
Asn Tyr Ile Arg Lys

ttt cac acg cgg
Phe His Thr Arg

tat tgg
Tyr Trp

gat ata
Asp Ile
375

caa aat
Gln Asn
390

aca aat
Thr Asn

gtg gaa
Val Glu

acg tac
Thr Tyr

gat caa
Asp Gln
455

agec cat
Ser His
470

gga aca
Gly Thr

aac atg
Asn Met

tta gta aag gca tat aag

Pro Leu Val

515

Lys Ala Tyr Lys

tcec
Ser
360
atc
Ile

tca

ctt

ttt
Phe

gac
Asp
440

ttg

caa
Gln

atc
Ile

att
Ile

tta

520

345

ggt
Gly

aca

gaa
Glu

gcg
Ala

agc
Ser
425

tca
Ser

cct
Pro

ctc

cca

gat
Asp
505

caa
Gln

330

o of o
Phe

aat
ABn

tct
Ser

tLt
Phe

gtc
val
410

caa

Gln

aaa
Lys

cca

aat
Asn

gtg
Val
490

teg
Ser

tct
Ser

315

cca cat cta ttt gac
Pro His Leu Phe Asp

335

caa cca gga tat tat
Gln Pro Gly Tyr Tyr

tat gtt
Tyr Val

cca tte
Pro Phe
380

aat gga
Asn Gly
395

tgg ccg
Trp Pro

tat aat
Tyr Asn

aga aat
Arg Asn

gaa aca
Glu Thr
460

tat gta
Tyr Val
475

tta act

aaa aaa
Lys Lys

ggt gct
Gly Ala

350
tca act
Ser Thr
65

tat gga

aga

Arg

aat

Tyr Gly Asn

gaa aaa
Glu Lys

tee gect
Ser Ala

gat caa

Asp Gln
430

gtt ggc
Val Gly
445

aca gat

Thr Asp

atg tgc
Met Cys

tgg aca
Trp Thr

att aca
Ile Thr
510

tee gtt
Ser val
525

gtc
val

gta
Val
415

aca
Thr

gcg
Ala

gaa
Glu

tct
Phe

cat
His
495

caa
Gln

gtc
val
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320

tat

Gly

cca

Lys

tat
400

tat

gat
Asp

gtc
Val

cct

tta
Leu
480

Lys

ctt
Leu

gca
Ala

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584
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(o] of o
Phe

ggt cct agg
Gly Pro Arg
530

act
Thr

agt gcg gea
Ser Ala Ala
545

tat cga
Tyr Arg

aga
Arg

gct
Ala

ctc agt tta
Leu Ser Leu

gac

Asp
580

Lys
595

ata aat
Ile Asn

qga
Gly

cca
Pro

ttc agc aca
Phe Ser Thr
610

agt
Ser

aca gga tta
Thr Gly Leu
625

att cca gtg aat
Ile Pro Val Asn

<210> 2

<211> 644
<212> PRT
<213> Bacillus

<400> 2

Met Asn Pro Asn Asn Arg Ser Glu His Asp Thr

1

Asn Asn Glu Val
20

Pro Asn Pro Thr Leu Glu Asp Leu Asn Tyr Lys

35

Thx Ala Asp Asn
50

val Ile Gln Lys
65

aca gga
Thr Gly

att
Ile

tac

Tyr
550

att
Ile
565

cat
His

gca

Gly Ala

aca
Thr

gac
Asp

Lttc
Phe

gaa
Glu

gct
Ala

gga
Gly
630

gga gat atc att
Gly Asp Ile Ile
535

aca ccg gat
Thx Pro Asp

gtt
val

tat gect tct aca
Tyr Ala Ser Thr
570

cca ttt aat caa
Pro Phe Asn Gln
585

tta
Leu

acg tat aat
Thr Tyr Asn
600

tta tca ggg aat
Leu
615

gat aaa gtt tat
Asp Lys Val Tyr

thuringiensis

S

Pro Thr Asn His Val Gln Tyr

Asn Thr Glu Ala Leu Aep Ser

Gly Ile Ser val val Gly Asp

70

10

25

40

55

Ser Gly Asn Asn

caa tgc

Gln Cys
540

gtg teg
Val Ser
555

tct cag
Ser Gln

tac tat
Tyr Tyr

tte
Phe

tca
Ser

aac tta

620
ata

Ile
635

gac

Asp

Ile

Pro

Glu

Ser

60

Leu
75

aca gaa
Thr Glu

tac tct
Tyr Ser

ata aca
Ile Thr

ttc gat
Phe Asp
590
aat tta
Asn Leu
605
caa ata
Gln Ile

aaa att
Lys Ile

Lys Thr
Leu Ala
30

Phe Leu
45

Thr Thr

Leu Gly

Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn

.4.

aat
Asn

caa
Gln

tte

575

Lys

gca
Ala

ggc
Gly

gaa
Glu

Lys

Val

Phe

PCT/EPO209TR9

gga
Gly

aaa
Lys
560

aca

acg

agt
Ser

gtec
Val

tee

640

Glu

Met

Asp

Val
80

1632

1680

1728

1776

1824

1872

1920

1932
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85

Asn Thr Ile Trp Pro Ser Glu Asp

100

Val Glu Ala
115

Ala Leu Ala
130

Ser Ala Leu

145 150

Leu Met Asp Gln Lys

120

Glu Leu Gln Gly Leu

135

Ser Ser Trp Gln Lys

His Ser Gln Gly Arg Ile Arg Glu

165

Phe Arg Asn sor

Phe lLeu Thr
195

Lys Asp Ala
210

Ile Ala Glu
225

Phe Tyr
230

Asp His Cys Val Lys
245

Ser Ser Tyr Glu Ser
260

Ser Met Pro Ser Phe

Thr Tyr Ala Gln Ala

200

Gln Ile Tyr Gly Glu
215

Lys Arg Gln

Trp Tyr Asn

Trp Val Asn

Thr Leu Thr Val Leu Asp Leu Ile

275

Arg Leu Tyr Pro Lys
290

Thr Asp Pro Ile Val

305 310

280

Glu Val Lys

295

Gly val Asn

Phe Ser Asn Ile Glu Asn Tyr Ile

325

Leu His Arg Ile Gln
340

Phe His Thr

Asn Asp Ser Phe Asn Tyr Trp Ser

355

360

Ser Ile Gly Ser Asn Asp Ile Ile

105

Ile

Gln

Ala
185

Ala

Glu

val

265

Ala

Asn

90 g5

Trp Lys Ala Phe Met Glu
110

Ala Asp Tyr Ala Lys Asn
125

Asn Asn Val Glu Asp Tyr
140

Pro Val Ser Ser Arg Asn
155

Phe Ser Gln Ala Glu Ser
170 175

Ile Ser Gly Tyr Glu Val
150

Asn Thr His Leu Phe Leu
205

Trp Gly Tyr Glu Lys Glu
220 )

Lys Leu Thr Gln Glu Tyr
235

Gly Leu Asp lys Leu Arg
250 255

Asn Arg Tyr Arg Arg Glu
270

Leu Phe Pro Leu Tyr Asp
285

Glu Leu Thr Arg Asp Val
300

Leu Arg Gly Tyr Gly Thr
315

PCT/EPO2R0YTRY

Gln
Lys
Val
Pro

160

His

Asp

240

Gly

Met

Val

Leu

Thr
320

Arg Lys Pro His Leu Phe Asp Tyr

330 335

Arg Phe Gln Pro Gly Tyr Tyr Gly

345

350

Gly Asn Tyr Val Ser Thr Arg Pro

3J65

Thr Ser Pro Phe Tyr Gly Asn Lys

-5-
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370 375

Ser Ser Glu Pro Val Gln Asn Leu
385 390

Arg Ala Val Ala Asn Thr Asn Leu
405

Ser Gly Val Thr Lys Val Glu Phe
420

Glu Ala Ser Thr Gln Thr Tyr Asp
435 440

Ser Trp Asp Ser Ile Asp Gln Leu
450 455

Leu Glu Lys Gly Tyr Ser His Gln
465 170

Met Gln Gly Ser Arg Gly Thr Ile
485

Ser Val Asp Phe Phe Asn Met Ile
500

Pro Leu Val Lys Ala Tyr Lys Leu
515 520

Gly Pro Arg Phe Thr Gly Gly Asp
530 535

Ser Ala Ala Thr Ile Tyr Val Thr
545 550

Tyr Arg Ala Arg Ile His Tyr Ala
565

PCT/EPO2/09789

380

Glu Phe Asn Gly Glu Lys Val Tyr
395 400

Ala Val Trp Pro Ser Ala Val Tyr
410 415

Ser Gln Tyr Asn Asp Gln Thr Asp
425 430

Ser Lys Arg Asn Val Gly Ala Val
445

Pro Pro Glu Thr Thr Asp Glu Pro
460

Leu Asn Tyr Val Met Cys Phe Leu
475 480

Pro Val Leu Thr Trp Thr His Lys
490 495

Asp Ser Lys Lys Ile Thr Gln Leu
505 510

Gln Ser Gly Ala Ser Val val Ala
525

Ile Ile Gln Cys Thr Glu Asn Gly
540

Pro Asp Val Ser Tyr Ser Gln Lys
555 560

Ser Thr Ser Gln Ile Thr Phe Thr
570 575

Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Tyr Phe Asp Lys Thr
S80 585 590

Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Fhe Asn Leu Ala Ser
595 600 605

Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile Gly Val
610 615 620

Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile Glu Phe
625 630 635 640

Xle Pro Val Asn
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<210> 3

<211> 1803
<212> DNA
<213>

<220>
<221>
<222>
<223>

cos
(1)..

<400> 3
atg acg gce
Met Thr Ala
1

gac gtg atc
Asp Val Ile

gtg ggc ttce
val Gly

35

ctg aac acc
Leu Asn Thr
50

gag
Glu

cag gtg
Gln val
65

aag gca ctg

Lys Ala

gtg agc geo
Val Ser Ala

ccc cac
Pro His

aqgc
Ser
115

cac
His

ttc cge

Phe Arg
130

ttc
Phe

ctyg
Leu

ctg
145

ctg aag gac
Lys Asp

(1794)

gac aac aac
Asp Asn Asn
5

cag aag ggc
Gln Lys Gly
20

cce ttc gge

Artificial Sequence

Maize optimized cry3A coding

acc gag gcc
Thr Glu Ala

atc agc gtg
Ile Ser Vval
25

ggc gcc ctg

Pro Phe Gly Gly Ala Leu

atc tgg ccc
Ile Trp Pro

gce ctg atg
Ala Leu Met
70

gcc gag cta
Ala Glu Leu
85

ctg agc agc
Leu Ser Ser
100

cag ggc cgc
Gln Gly Arg

aac agc atg
Asn Ser Met

acc acc tac
Thr Thr Tyr
150

atc
Ile

gcc caa
Ala Gln
165

40

agc gag gac
Ser Glu Asp
55

gac cag aaq
Asp Gln Lys

cag ggc ctc
Gln Gly Leu

tgg cag aag
Trp Gln Lys
105

atc cgc gag
Ile Arg Glu
120

ccc age tte
Pro Ser Phe
135

gcc cag gcc
Ala Gln Ala

tac gga gag
Tyr Gly Glu

sequence

ctg gac agc age
Leu Asp Ser Ser
10

gtg ggc gac ctg
Val Gly Asp Leu

ttc tac

Phe Tyr
45

gtg agc
val Ser

cec tgg aag gcc
Pro Trp Lys Ala
60

atc gcc gac tac
Ile Ala Asp Tyr
75

cag aac aac gtg
Gln Asn Asn Val
90

aac
Asn

ccc gtc
Pro Val

teg
Ser

ctg ttc agc cag
Phe Ser Gln

125

atc agc ggc
Ile Ser Gly
140

gce
Ala

gcc aac acc cac
Ala Asan Thr His
155

gag tgg ggc tac
Glu Trp Gly Tyr
170

acc

ctg
30

acc

ttc

gcc
Ala

gag
Glu

agc
110

gcc
Ala

tac

ctg

gag
Glu

acc

15

ggc
Gly

aac

atg
Met

aag
Lys

gac
Asp
95

cgcC

gag
Glu

gag
Glu

ttc
Phe

aag
Lys
175

PCT/EPO2/19789
aag 48
Lys

gtg 96
val

tte 144
Phe

gag 192
Glu

aac 240
Asn

80

tat 288
Tyz

aac 336
Asgn

agc 384
Ser

gtg 432
Val

ctg 480
Leu

160

gag 528
Glu

»
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gac atc
Asp lle

gcc gag
Ala Glu
180

gtg
Val

acc gac cac
Thr Asp His
195

tgc
Cys

tac
Tyr

agc
Ser
210

age
Ser

gag

qgc
Glu

Gly

gtg
Val

acc
Thr

ctg acc
Leu Thr

atg
Met
225

tac
Tyx

ctg cce

Leu

cgc
Arg

gtg
val
245

atec
Ile

cce
Pro
260

ctg acc

Leu

gac
Asp

atc
Ile

tte
Fhe

ace agc aac
Ser Asn

275

atc
Ile

ctg
Leu
290

tac
Tyr

cac cgc

His Arg

tte
Phe

ggc aac gac
Gly Asn Asp
305

agc
Ser

ate
Ile

agc
Ser
325

ccc age
Pro Ser

gge
Gly

ccC
Pro

aag agc
Lye Ser

agc
Ser

gag
Glu

340

gtg gct
val Ala

tac cgc
Tyr Arg

gce
Ala
ass

tac agc ggc gtg acc
Tyr Ser Gly Val Thr
370

gac gag gcc agc acc

185

aag tgg tac aac

Lys Trp Tyr Asn
200

agc tgg gtg aac
Ser Trp Val Asn
215

ctg gac ctg atc
Leu Asp Leu Ile
230

aag gag gtg aag
Lys Glu Val Lys

gtg ggc gtg aac
Val Gly Val Asn
265

gag aac tac atc
Glu Asn Tyr Ile
280

cag ttc cac acg

Gln Phe His Thr Arg Phe Gln

295

aac tac tgg agc

Asn Tyr Trp Ser Gly Asn Tyx

310

aac gac atc atc
Asn Asp Ile Ile

gtg cag aac ctt
Val Gln Asn Leu
345

aac acc aac ctg
Asn Thr Asn Leu
360

aag gtg gag ttc
Lys Val Glu Phe

k¥

cag acc tac gac

ttc tac aag cgc cag ctg aag
Phe Tyr Lys Arg Gln Leu Lys

gtg ggt
val Glv

ttc aac
Phe Asn

gce ctg
Ala Leu

235
acc gag
Thr Glu
250

aac ctg
Asn Leu

¢gc aag
Arg Lys

cgt tte

ggc aac

31s

acc agc
Thr Ser
330

gag ttc
Glu Phe

gcc gtg
Ala Val

agc cag
Ser Gln

agc aag

PCT/EP02/09789

ctg acc cag gag tac
Leu Thr Gln Glu Tyr
190

cta gac aag ctc cgc
Leu Asp Lys Leu Arg
205

cgc tac cgc cgc gag
;;g Tyr Arg Arg Glu

ttec ccec ctg tac gac
Phe Pro Leu Tyr Asp
240

acc cgc gac gtg
Thr Arg Asp Val
255

ggc tac ggc acc
Gly Tyr Gly Thr
270

ctg
Leu
cgc
Arg

cec
Pro

cac ctg ttc gac
His Leu Phe Asp
285

ccc ggc tac tac
Pro Gly Tyr Tyr

cag
300

tac gtg agc acc cgc
Val Ser Thx Arg

320

ccc
Pro

tte tac ggc aac
Phe Tyr Gly 2Aen
33s

aac ggc gag aag gtg
Asn Gly Glu Lys Val
350

cce tect gea gtg
Pro Ser Ala Val
365

tgg
Trp

tac aac gac cag acc
Tyr Asn Asp Gln Thr
iao

tyc aac gtg ggc gco

576

624

672

720

768

816

864

912

960

1008

1056

1104

1152

1200
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Asp Glu
3ss

gtg agc
Val Ser

cce ctg
Pro Leu

ctg atg
Leu Met

aag
Lys

agc
Ser
450
ctg ccc
Pro
465

gca ggc
Ala Gly

ggc age
Gly Ser

aag
Lys

tac

Tyx

ace ctg
530

atc
Ile

acc

545

tte
Phe

agc
Ser

gtg acc

val

tte atce

Ile

Ala Ser Thr

tgg gac agc
Trp Agp Ser
405

gag aag ggc
Glu Lys Gly
420

cag ggc agc
Gln Gly Ser
435

ttec
Phe

gtc
Val

gac

Asp

ctg
Leu

gtg aag
vVal

ttc
Phe
485

ccc cgc

Pro Arg

gee gec ace
Ala Ala Thr
500

cgec goec cge
Arg Ala Arg
515

agc
Ser

ctg gac
Leu Asp

aac
Asn

aag ggc
Gly

cct
Pro
565

acc
Thr

agc
Ser

ctg
Leu
580

agce
Ser

ggc
Gly

ccc gtg aac

Pro Val Asn

595

Gln
390

atc
Ile

tac
Tyx

cgc
Arg

ttc
Phe

gcc

Lys Ala

470
acc
Thr

atc
Ile

atc
Ile

999
Gly

gac
Asp
550

ttc
Fhe

gce
Ala

tag

Thr Tyr Asp

gac cag ctg
Asp Gln Leu

cac cag
Gln
425

agc
Ser His

ggc acc atc
Gly Thr Ile
440

aac
Asn Met
455

atg atc
Ile

tac aag ctc

Tyr Lys

ggc ggce gac
Gly Gly Asp

tac gtg acc
Tyr Val Thr
505

cac
His

tac gcc
Tyr Ala
520

gce cee tte
Ala
53s
acc ctg acc
Leu Thr

ctg agc
Leu Ser

gag
Glu

agc gac aag
Gly Asp Lys
585

atctgaget

Ser

cee
410

etg

cce

gac
Asp

cag
Gln

atc
Ile
490

ccc

agc
Ser

aac

Pro Phe Asn

tac

Tyr

ggc
Gly
570

gtg
Val

Lys Arg Asn
395

cce gag acce
Pro Glu Thr

aac tac gtg
Asn Tyr Val

gtg ctg acc
Val Leu Thr
445

agc aag aag
Ser Lys Lys
460

agc ggc gcc
Ser Gly Ala
475

atc cag tgc
Ile Gln Cys

gac gtg agc
Asp Val Ser

acc agc cag
Thr Ser Gln
525

caa tac tac

Gln Tyr Tyr
540

aac agc ttc
Asn Ser Phe
558

aac aac ctc
Asn Asn Leu

tac atc gac
Tyr Ile Asp

PCT/EPZANTNO
Val Gly Ala
400
acc gac gag 1248
Thr Asp Glu
415
atg tgc ttc 1296
Met Cys Fhe
430
tgg acc cac 1344
Trp Thr His
atc acc cag 1392
Ile Thr Gln
agc gtg gtg 1440
Ser Val Vval
480
acc gag aac 1488
Thr Glu Asn
495
tac agc cag 1538
Tyr Ser Gln
510
atc acc ttc 1584
Ile Thr Phe
ttc gac aag 1632
Phe Asp Lys
aac ctg gcc 1680
Asn Leu Ala
560
cag atc ggc 1728
Gln Ile Gly
575
aag atc gag 1776
Lys Ile Glu
590
1803

X
M
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<210> 4

<211> 597

<212> PRT

<213> Cry3A encoded by SEQ ID NO:3.

<400> 4
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp lLeu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Fhe Met Glu
50 55 60

Gln Val Glu Ala Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala‘'Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr
85 90 95

Val Ser Ala lLeu Ser Ser Trp Gln Lys Asn Pro Val Ser Ser Arg Asn
100 105 110

Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser
115 120 125

His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val
130 135 140

Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe Leu
145 150 155 160

Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu
165 170 175

Asp Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu Tyr
180 185 190

Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
195 200 205

Gly Ser Ser Tyr Glu Ser Trp Val Asn FPhe Asn Arg Tyr Arg Arg Glu
210 215 220

Met Thr Leu Thx Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val

-10-
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245

Leu Thr Asp Pro Ile Val Gly Val Asn

Thr

Tyr

260

Phe Ser Asn
275

Leu His Arg
290

Gly Asn Asp Ser

305

Pro

Lys

Tyr

Tyr

Asp
385
val
Pro
Leu
Lys
Leu
465
Ala

Gly

Lys

265

Ile Glu Asn Tyr Ile

280

Ile Gln Phe His Thr

295

Phe Asn Tyr Tip Ser

310

Ser Ile Gly Ser Asn Asp Ile Ile

Ser Ser Glu
340

Arg Ala Val
355

Ser Gly Vval
30

Glu Ala Ser

Ser Trp Asp

Leu Glu Lys
420

325

Pro Val

Ala Asn

Thr

Lys

Gln Asn Leu
345

Thr Asn leu
360

Val Glu Phe
375

Thr Gln Thr Tyr Asp

Ser
405

3s0

Ile

Gly Tyr

Met Gln Gly Ser Arg

435

Ser Val Asp
450

Pro Leu Val

Gly Pro Arg

Ser Ala Ala
500

Phe

Phe

Lys Ala

470

Asp Gln Leu
Ser His Gln
425

Gly Thr Ile
440

Agn Met Ile
455

Tyr Lys Leu

Phe Thr Gly Gly Asp

485

Thr Ile Tyr val Thr

505

Tyr Arg Ala Arg Ile His Tyr Ala

515

520

250

PCT/EMI2ZN978Y

255

Asn Leu Arg Gly Tyr Gly Thr

Arg

Arg Phe Gln Pro

Gly

Thr

330

Glu

Ala

Ser

Ser

110

Leu

Pro

Asp

Gln

Ile
490

Lys Pro His
285
300

Asn Tyr Val
315

Ser Pro Phe
Phe Asn Gly
Val Trp Pro

365

Gln Tyr Asn
380

Lys Arg Asn
395

Pro Glu Thr
Asn Tyr Val
Val Leu Thr

445

Ser Lys Lys
460

Ser Gly Ala
475

Ile Gln Cys

Pro Asp Val Ser

Ser

Thr Ser Gln
525

270

Leu Phe Asp

Gly Tyr Tyr

Ser Thr Arg
320

Tyr Gly Asn
335

Glu Lys Val
350

Ser Ala val
Asp Gln Thr
Val Gly Ala

400

Thr Asp Glu
415

Met Cys Phe
430

Trp Thr His
Ile Thr Gln
Ser Val val

480

Thr Glu Asn
495

Tyr Ser Gln
510

Ile Thr Phe

Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Tyr Phe Asp Lys

-11-
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530

535

PCT/EPO2ZAO78Y

540

Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala

545

550

555

560

Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile Gly

565

570

575

Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile Glu

580

Phe Ile Pro Val Asn
595

<210> 5
<211>
<212>
<213>

DNA

<220>
<221>
<223>

<400> 5

7208

misc_feature
pCIB6850

gatccaccat gacggcegac
tgatccagaa gggcatcage
gcggegeect ggtgagettc

cctggaaggce
ccaagaacaa
gcgeectgag
gcatccgoga
ccatcagegg
tgttcectget
tcgeogagtt
agtggtacaa
tcaaccgeta
tgtacgacgt
ccgaccccat
agaactacat
gtttccagce
geaccegcecce
gcagcgagec
acaccaacct
geccagtacaa
tgggogecgt
tggagaaggy
geggcaccat
acagcaagaa
gocgrggtggce
gcgcogecac
tccactacge
accaatacta
acctggccag

cttcatggag
ggcactggee
cagctggcag
gctgttcagc
ctacgaggtg
gaaggacgcc
ctacaagcgce
cgtgggtcta
ccgeogegag
gogectgtac
cgtgggcgtg
ccgecaagece
cggctactac
cagcatoggce
cgtgcagaac
ggeegtgtag
cgaccagacc
gagctgggac
ctacagccac
cccogtgetg
gatcacccag
aggccccoge
catctacgtg
cagcaccagc
cttcgacaag
cttcagcacc

585

Artificial Sequence

aacaacaccg aggccctgga
gtggtgggcg acctgctggg
tacaccaact tcctgaacac
caggtggagg ccctgatgga
gagctacagg gcctccagaa
aagaaccccg tctcgageeg
caggccgaga goccactteeg
ctgttecctga ccacctacgce
caaatctacg gagaggagtg
cagctgaagc tgacccagga
gacaagctec geoggcageag
atgaccctga ccgtgetgga
cccaaggagg tgaagaccga
aacaacctgc gocggctacgg
cacctgtteg actacctgca
ggcaacgaca gcttcaacta
agcaacgaca tcatcaccag
cttgagttca acggcogagaa
ccctectgecag tgtacagegg
gacgaggcca gcacccagac
agcatcgacc agctgecccce
cagctgaact acgtgatgtg
acctggacce acaagagcgt
ctgcececctgg tgaaggecta
ttcacoggog gogacatcat
accecegacyg tgagcetacag
cagatcacct tcaccctgag
accatcaaca agggcgacac
cctttegage tgagoggceaa

-12-

590

accaaggacg
ttccectteg

agcgaggacc

cagcagcacc

cgtggtgagc
catctggece

ccagaagatc
caacgtggag
caacccccac
caacagcatg
ccaggecgee
gggctacgag
gtacaccgac
ctacgagagc
cctgategee
gctgaccege
caccaccttce
ccgcatccag
ctggageggc
ccccttectac
ggtgtaccge

gccgactacg
gactatgtga
agccagggee
cccagetteg
aacacccacc
aaggaggaca
cactgcgtga
tgggtgaact
ctgttcececoe
gacgtgctga
agcaacatcg
ttccacacge
aactacgtga
ggcaacaaga
gcegtggeta

cgtgaccaag gtggagttca
ctacgacagce aagcgcaacyg
cgagaccacc gacgagcccc
cttcctgatg cagggcagcec
cgacttcttc aacatgatcg
caagctccag ageggogeca
ccagtgcace gagaacggea
ccagaagtac cgogecogca
cctggacggg geccccttca
cctgacctac aacagcttca
caacctccag atcggegtga

60
120
180
240
300
360
420
480
540
600
660
720
780
B840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
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ccggectgag
agatctgagc
cacttcactg
ctttgtgcag
aattcctaaa
tgactgggaa
cagctggegt
gaatggcgaa
ccgcatatgg
acacccgcca
cagacaagct
gaaacgcgeg
aataatggtt
ttgtttattt
aatgcttcaa
tattcccttt
agtaaaagat
cagcggtaag
taaagttctg
tcgecgeata
tcttacggat
cactgcggcec
gcacaacatg
cataccaaac
actattaact
ggcggataaa
tgataaatct
tggtaagccc
acgaaataga
ccaagtttac
ctaggtgaag
ccactgagcg
gcgegtaate
ggatcaagag
aaatactgtc
gcctacatac
gtgtcttace
aacggggggt
cctacagcgt
tcoggtaagce
ctggtatctt
atgctcgtca
cctggecttt
ggataaccgt
gecgcagegag
cgegegttgg
cagtgagecgc
ctttatgectt
aaacagctat
gaccacaacg
ccaaaagcca
aacatgcctt
aatactaagc
gaataagatt

cgceggegac
tcaagatctg
tatgaataaa
aacttagtat
accaaaatcc
aaccetggeg
aatagcgaag
tggdgectga
tgcactctca
acacccgcetg
gtgaccgtct
agacgaaagg
tcttagacgt
ttctaaatac
taatattgaa
tttgcggeat
gctgaagate
atccttgaga
ctatgtggeg
cactattcte
ggcatgacag
aacttacttc
ggggatcatg
gacgagegtg
ggcgaactac
gttgcaggac
ggagccggtg
tcceogtateg
cagatcgctg
tcatatatac
atcctttttg
tcagaccccy
tgctgcttge
ctaccaactc
cttctagtgt
ctegetetge
gaggttggact
tcgtgeacac
gagctatgag
ggcagggtcg
tatagtcctg
999999gcgga
tgctggectt
attaccgect
tcagtgageg
ccgattcatt
dacgcaatta
coggetogta
gaccatgatt
atccaacaat
ttgtgrttgg
aatttgcaaa
atatttgtga
aatatcgaaa

aaggcgtaca
ttgtacaaaa
agtetggtgt
gtatttgtat
agtgggtacc
ttacccaact
aggcccgcac
tgcggtattt
gtacaatctg
acgcgccctyg
€cgggagetg
gcctogtgat
caggtggcac
attcaaatat
aaaggaagayg
tttgeettce
agttgggtge
gttttcgece
cggtattatc
agaatgactt
taagagaatt
tgacaacgat
taactcgecet
acaccacgat
ttactctagce
cacttctgceg
agcgtgggtc
tagttatcta
agataggtgc
tttagattga
ataatctcat
tagaaaagat
aaacaaaaaa
tttttccgaa
agccgtagtt
taatcctgtt
caagacgata
agcccagett
aaagcgccac
gaacaggaga
tcgggtttcg
gcctatggaa
ttgctcacat
ttgagtgagc
aggaagcgga
aatgcagctg
atgtgagtta
tgttgtgtgg
acgccaagct
acttctgega
aatttttagt
tttggtataa
agctaaacat
tggaaacatc

tcgacaagat
accagcaact
ctggttccetg
ttgtaaaata
gaattcactg
taatcgectt
cgatecgccct
tctecttacg
ctctgatgcc
acgggctegt
catgtgt.cag
acgcctattt
ttttogggga
gtatcegete
tatgagtatt
tgtttttgcet
acgagtgogt
cgaagaacgt
ccgtattgac
ggttgagtac
atgcagtgct
cggaggaccg
tgatcgttgg
gcctgtagca
ttcceggcaa
ctcggocectt

tcgoggtate
cacgacgggg
ctcactgatt
tttaaaactt
gaccaaaatc
caaaggatct
accaccgcta
ggtaactgygc
aggccaccac
accagtggct
gttaccggat
ggagcgaacy
gcttccegaa
gcgcacgagg
ccacctctga
aaacgccagc
gttctttcct
tgataccgcet
agagcgecca
gcacgacagg
gectcactcat
aattgtgagc
tgcacatgac
cgggctgtga
tattctattt
ctactgattg
gatgttattt
tgtaaattag

-13-

cgagttcatc
cactgcactyg
atcgatgact
cttctatcaa
gccgtogttt
gcagcacatc
tcccaacagt
catctgtgeg
gcatagttaa
ctgctccogg
aggttttcac
ttataggtta
aatgtgcgeg
atgagacaat
caacatttcc
cacccagaaa
tacatcgaac
tttccaatga
gccgggcaag
tcaccagtcea
gccataacca

aaggagctaa
gaaccggagce
atggcaacaa
caattaatag
coggctgget
attgcagcac
agtcaggcaa
aagcattggt
catttttaat

ccttaacgtg
tcttgagatc

ccagceggtag
ttcagcagag
ttcaagaact
gctgecagtg
aaggcgcage
acctacaccyg
gggagaaaggy
gagcttccag
cttgagcgtc
aacgeggect
gcgttatece
cgcogcagce
atacgcaaac
tttececgact
taggcaccece
ggataacaat
aacaattgta
agtatagaga
ttcatgatgt
aaaatatatg
aagaaaatat
aatcatctta

PCT/EPO2N9T8Y
ccegtgaact 1800
cacttcactt 1860
gactactcca 1920
taaaatttet 1980
tacaacgtcg 2040
cccctttege 2100
tgcgecageet 2160
gtatttcaca 2220
gccagceccg 2280
catccgectta 2340
cgtcatcacc 2400
atgtcatgat 2460
gaacccctat 2520
aaccctgata 2580
gtgtcgccct 2640
cgctggtgaa 2700
tggatctcaa 2760
tgagcacttt 2820
agcaactcgg 2880
cagaaaagca 2940
tgagtgataa 3000
ccgettttet 3060
tgaatgaagc 3120
cgttgegcaa 3180
actggatgga 3240
ggtttattge 3300
tggggccaga 3360
ctatggatga 3420
aactgtcaga 3480
ttaaaaggat 3540
agttttegtt 3600
ctttttttct 3660
tttgtttgee 3720
cgcagatacc 3780
ctgtagcacc 3840
gcgataagtc 3500
ggtcgggetg 3960
aactgagata 4020
cggacaggta 4080
ggggaaacgc 4140
gatttttgtg 4200
ttttacggtt 4260
ctgattcegt 4320
gaacgaccga 4380
cgcctectece 4440
ggaaagcggg 4500
aggctttaca 4560
ttcacacagy 4620
agaggatgga 4680
agttaaacgc 4740
atcttcctet 4800
tatgtaaaaa 4860
gttgttaaca 45920
caagctaaga 4980

H
o
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gatgttcacg ctttgagaaa cttcttcaga
caacgaaggc tgctgcaatt ccacaaatgc
gctataaaca cggataactc aattccctge
cccgatoget cacccecatat gcaccaatct
cgccagcact ccacctatag ctaccaattg
togttagagt caaagagttyg gtogtacggg
gatgtagagc ggaaagcgec tcocctacgeg
cagcctecte cteogtoggoe goccacaacg
catgtctctg tgtcctegtc cgacctcgac
cagactgacg acatgagtct ctgaagagec
tggtagtggt aaccattttc gtcgcegetga
cgactgacgc tgtggcagge acgctategg
gagttcacag gtcctatcet tgcatcgcte
acgtgctcta aggttgcgat aacgggeogga
tacacgtagt gtgcgggagt gtgtttogta
ttagtggagg aggaggacac actaaaatca
agagaagaga ttataggagt gtgggttgat
aaaacgggtg ctttaatata gtagatatat
atgcatttgt gtctgeatat gatcggagta
atgcgtggag cgagcccatt tggttggttg
ttgtcogtogg goocataaca gcatetecte

gagatatttg
ttcttgeogg
tecctagetag
atccttccecat
gecttgtttta
ggctgtaget
aattgaggta
tagtttgaga
ttttaaataa
caaactagca
agcatagcta
acttacaaat
cgtaatattc
tettgcaage
atcgatgatc
agcaaataaq
aggtcgag

<210> 6
<21l>
<212>
<213>

<220>
<221>
222>
<223>

s

<220>
<221>
<222>
<223>

{1).
Maize optimized modified cry3A0S4 coding sequence.

tegtcgggea
caagaggaag
aaatgagaga
cagatcagaa
gtgtggcttt
ttcaggctga
gctagtcaac
gtccaaaaac
gtagtgtatt
ttcagtctaa
gctacaagtt
aaagaataaa
caggcaagaa
aagagcctat
catcctcact
acgacttgtt

1801

. (1791)

misc_ feature
(322)..(333)
cathepain G recognition site coding sequence

gaagaaactt
atagtggcect
agaaaaacgg
cgatgaaaaa
gctgagacga
aagagacgtg
ttgtacattg
tataggagat
tgtattttaa
tgcatgcatg
aaccgggtct
gctaggacga
taattgttog
ggcgtggtga
tgctataaaa

tcatgacogt
atgacatgca
tccatcaatt
gactcccaag
agacctttee
tactttaact
gaacaacacc
agggagcceg
atgtcatggc
cyccacctag
c€gcggagage
aggttacgac
gggccggagt
ggaaggcgtg
gacgcgagaa
ggacgcaaga
tctaaagaaa
atatatagag
ttactaacgg
tcaggccgca
caccagttta
ggacaagaag
ctagtttata
acgcgtgttt
gtcaagcacg
atgaaagcaa
gcatgcaata
gtgcgagcaa
taaagaggct
ctcecteocaac
cttggctaga
tttatattta
actogtggat
atcaggagac
cacggcgcgt
agaggtgtcc

agaagtagct
tcecttgtaac
tagaaatgag
tctetgtttce
agcctaagca
accatggaat
ctogeccatge
tggtcgecagce
aaacagtcgg
aaagatccga
gagaggccag
gtggegggte
ttacgggact
tggecgtgegg
agcacgacga
aactcttcta
atcgacgcag
agagagagaa
cogtogtaag
gttaaggcct
ttgtaagaat
aagaagcaag
tatcggogtg
ggtgtgtgtc
gcatgcatag
cggogggeat
attcagggaa
ttttcegeac
aaaaccctct
ccttecocgatt
ggtcgtatgg
ataaggacag
tattactaaa
aagtggggca
tgcccataca

atggtgctca

tcattgattc ttcaagagat cgagcttett

Artificial Sequence

-14-

PCT/EPO2/19TRY

ctccaagact
cgtogtogee
caagcaagca
gcattagtac
gatcgattga
gatggggcgt
cgctcgacta
caccgaccag
acgccagcac
gccctgetge
aaatttatag
actcogacgeg
tatccttacg
agacggttta
cttacgaagy
ttatagtagt
gacaaccgtc
agtacaaagg
aaggtccatc
ccatatatga
aaattaagta
ctaggccaat
atgatgatgc
aatggcgtcc
tatatgtata
atttttcagt
ttogtecagee
tcaggagggc
ccttatttaa
ttatggetet
ggttgttaat
gcaaagtatt
tcgaaatgga
ttggacoggt
tcatgcctcee
agctcagcca
ttgcaccaca

5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
€840
6900
6960
7020
7080
7140
7200
7208
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<400> &
atg acg

gce

gac aac aac acc gag

Met Thr Ala Asp Asn Asn Thr Glu

1

gac gtg
Asp Val

gtg ggc
Val Gly

ctg aac
Leu Asn
50

cag gtg
Gln Val

65

aag gca
Lys Ala

gtg agce
Val Ser

cac agc
His Ser

ttc cgc

Phe Arg
130

ttc ctg
Phe Leu
145

aag gac

Lys Asp

atc gcc
Ile Ala

gac cac

Asp His

atc
Ile
ttc
3s

acc

gag
Glu

ctg

gcc
Ala

cag
Gln
115

aac
Asn

acc

gcc
Ala

gag
Glu

tgc
Cys
195

5

cag aag ggc atc agc
Gln Lys Gly Ile Ser
20

cce tte ggc ggc gcc
Pro Phe Gly Gly Ala
40

atc tgg ccc agc gag
Ile Typ Pro Ser Glu
55

gcc ctg atg gac cag
Ala Leu Met Asp Gln
70

gce gag cta cag ggc
Ala Glu Leu Gln Gly
85

ctg agc agc tgg cag
Leu Ser Ser Trp Gln
100

ggc cgc atc cgc gag
Gly Arg Ile Arg Glu
120

agc atg cce age ttc
Ser Met Pro Ser Phe
135

acc tac gcc cag gcc
Thr Tyr Ala Gln Ala
150

caa atc tac gga gag
Gln Ile Tyr Gly Glu
165

ttc tac aag cgc cag
Phe Tyr Lys Arg Gln
180

gtg aag tgg tac aac

Val Lys Trp Tyr Asn
200

gcc
Ala

gtg
Val
25

ctg

gac
Asp

aag
Lys

ctc

Lys
105

ctg

gcc
Ala

gcc
Ala

gag
Glu

ctg
Leu
185

gtg

ctg gac
Leu Asp
10

gtg ggc

agc agc
Ser Ser

gac ctg

Val Gly Asp Leu

gtg agc
Val Ser

ccc tgg
Pro Trp

atc gce
Ile Ala
75

cag aac
Gln Asn
20

aac ccc
ABn Pro

ttc agc
Phe Ser

atc agc
Ile Ser

aac acc
Asn Thr
155

tgg cgc
Trp Gly
170

aag ctg
Lys Leu

ggt cta

ttc tac

Phe Tyr
45

aag gcc
Lys Ala
60

gac tac

Asp Tyr

aac gtg
Asn Val

gct gca
Ala Ala

cag gcc
Gln Ala
125

ggc tac
Gly Tyr
140

cac ctqg
His lLeu

tac gag
Tyr Glu

acc cag
Thr Gln

gac aag

Val Gly Leu Asp Lys

-15-

205

acc acc aag
Thr Thr Lys

ctg
Leu
30

acc

Thr

tte

gee
Ala

gaq
Glu

ccg
110

Glu

gag
Glu

ttc
Phe

aag
Lys

gag

15

ggc

gtg

Gly Val

aac
Asn

atg
Met

aag
Lys

gac
Asp
95

ttc
Phe

agc
Ser

gtg
val

ctg

gag
Glu
175

tac

ttc
Phe

gag
Glu

aac
Asn
80

tat
Tyr

ccC
Pro

cac
His

ctg

ctg

160

gac

acc

Glu Tyr Thr

190

ctc cgc ggc
Leu Arg Gly

PCT/EPI2I9T78Y

418

96

144

192

240

288

336

3e4

432

480

528

576

624
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Ser Ser
210

acc ctg
225

cgce ctg

acc gac

ttc agc
Phe Ser

ctg cac
Leu His
290

aac gac
305

age atc
Ser Ile

agc agc
Ser Ser

cgc gcc
Arg Ala

agc ggc
Ser Gly
370

gag gcc
Glu Ala
385

agc tgg
Ser Trp

ctg gag
Leu Glu

tac

Tyr

acc
Thr

tac

Tyr

cce

aac
Asn
275

cge

age
Ser

ggc
Gly

gag
Glu

gtg
val

ass

gtg
val

agc
Ser

gac
Asp

aag
Lys

gag agc
Glu Ser

gtg ctg
val Leu

ccc aag
Pro Lys
245

atc gtg
Ile Val
260

atc gag
Ile Glu

atc cag
Ile Gln

ttc aac

agc aac
Ser Asn
325

cce gtg
Pro Val
340

get aac
Ala Asn

acc aag
Thr Lys

acc cag
Thxr Gln

agc atc
Ser Ile
405

ggc tac
Gly Tyr

tgg gtg
Trp Val
215

gac ctg

Asp Leu
230

gag gtg
Glu val

ggc gtg
Gly Val

aac tac

Asn Tyr

ttc cac
Phe His
295

tac tgg

Tyr Trp
310

gac atc
Asp Ile

cag aac
Gln Asn

acc aac
Thr Asn

gtg gag
Val Glu
375

acc tac
Thr Tyr
390

gac cag
Asp Gln

agc cac

atc
Ile

aag
Lys

aac

atc
Ile
280

acy
Thr

Ser

atc
Ile

ctt
ctg
360
ttc

Phe

gac
Asp

ctg
Leu

cag

Ser His Gln

tte

gee
Ala

acc
Thr

aac
Asn
26S

cge
Arg

egt
Arg

ggc
Gly

acec
Thr

gag
Glu
345

gcc
Ala

agc
Ser

agc
Ser

aac
Aen

ctg

gag
Glu

250
ctg
Leu

aag
Lys

ttc

Asn

age
Ser
330

ttc
Fhe

gtg
Val

cag
Gln

aag
Lys

PCT/EPMIZ/978Y

cegc tac cgc cgc gag atg
Arg Tyr Arg Arg Glu Met

ttc
Phe
235

ctg
Leu

cgc
Arg

cce

cag
Gln

tac

Tyr
315

ccc
Pro

aac
AEn

tgg
Trp

tac

Tyr

cge
Arg
395

ccc ccc gag
Pro Pro Glu

410

220

ccc ctg tac gac

Pro Leu Tyr Asp

acc cgc gac gtg
Thr Arg Asp Val
255

ggc tac ggc acc
Gly Tyr Gly Thr
270

cac ctg ttc gac
His Leu Phe Asp
285

ccc ggc tac tac

Pro Gly Tyr Tyr
300

gtg agc acc cgc
Val Ser Thr Arg

tte tac ggc aac
Phe Tyr Gly Asn
335

ggc gag aag gtg
Gly Glu Lys Val
350

ccc tct gca gtg
Pro Ser Ala Val

365

aac gac cag acc
Asn Asp Gln Thr
380

aac gtg ggc gecc
Asn Val Gly Ala

acc acc gac gag
Thr Thr Asp Glu
415

ctg aac tac gtg atg tgc ttc
Leu Asn Tyr Val Met Cys Phe

-16-

gtg
Val
240
ctg
Leu

ace
Thr

tac

Tyr

ggc
Gly

cCcC
320
aag

Lys

tac
Tyr

tac

Tyr

gac
Asp

gtg
val
400

ccc
Pro

ctg

672

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296
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atg
Met

age
Ser

cce
Pro
465

ggc
Gly

agc
Ser

tac

Tyr

ctg
Leu

atc
Ile
545

tte
Phe

acc

atce
Ile

cag ggc
Gln Gly
435

gtc gac
Val Asp
450

ctg gtg
Leu Val

ccc cgc

Pro Arg

gce gee
Ala Ala

cge gee
Arg Ala
515

agc ctg
Ser Leu
530

aac aag
Asn Lys

agec acc
Ser Thr

ggc ctg
Gly Leu

ccc gtg
Pro Val
595

<210> 7
<211> 596
<212> FPRT

<213>

<220>

<221>

420
agc

Ser

ttc
Phe

aag
Lys

ttc

acc

500

cgc

gac
Asp

agc
Gly

cct
Pro

agc
Ser
580

aac
Asn

gc

ggc

acc

Arg Gly Thr

ttc

gcc
Ala
acc
485
atec

Ile

atc
Ile

999
Gly

gac
Asp

ttc
Phe
565

gcc
Ala

tag

misc_feature

aac
Asn
tac

470

ggc
Gly

tac

Tyr

cac
His

gcc
Ala

acc
Thr
550

gag
Glu

ggc
Gly

atg
Met
455

aag

Lys

ggc
Gly

gtg
Val

tac

ccec
Pro
535

gac
Asp

atc
Ile
440

atc

Ile

cte

gac
Asp

acc

gcc
Ala
520

ttc
Phe

ace
Thr

agc
Ser

aag
Lys

atctgagctc

Artificial Sequence

425
cccC

Pro

gac
Asp

cag
Gln

atc
Ile
cce
505
age

Ser

aac
Asn

tac

ggc
Gly

gtg
Val
585

gtg
Val

age
Ser

agc
Ser

atc
Ile
490

gac

Asp

acc

caa
Gln

aac
Asn

aac
Asn
570

tac

Tyr

ctg acc tgg

Leu Thr Trp Thr

445

aag aag atc
Lys Lys Ile
460

ggc gcc age
Gly Ala Ser
475

cag tgc acc
Gln Cys Thr

gtg agc tac
Val Ser Tyr

agc cag ate
Ser Gln Ile
525

tac tac ttc

Tyr Tyr Fhe
540

agc ttc aac
Ser Phe Asn
555

aac ctc cag
Asn Leu Gln

atc gac aag
Ile Asp Lys

-17-

430

acc

acc
Thx

gtg
Val

gag
Glu

agc
Ser
510

acc
Thxr

gac
Asp

ctg
Leu

atc
Ile

atc
Ile
590

cac
His

cag
Gln

gtg
Val
aac
495
cag

Gln

ttc
Phe

aag
Lys

gce
Ala

ggc
Gly
575

gag
Glu

PCT/EPO2/978Y
aag 1344
Lys
ctg 1392
Leu
gca 1440
Ala
480
ggc 1488
Gly
aag 1536
Lys
ace 1584
Thr
acc 1632
Thr
agc 1680
Ser
560
gtg 1728
Val
ttc 1776
Phe

1801

A€
P
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<222> (322)..(333)
<223> cathepsin G recognition site coding sequence

<400> 7

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr

1

Asp Val Ile Gln
20

val Gly Fhe Pro
35

Leu Asn Thr Ile
50

Gln Val Glu Ala
65

Lys Ala Leu Ala
Val Ser Ala Leu
100

Hie Ser Gln Gly
115

Phe Arg Asn Ser
130

Phe Leu Thr Thr
145

Lys Asp Ala Gln

Ile Ala Glu FPhe
180

Asp His Cys Val
195

Ser Ser Tyr Glu
210

Thr Leu Thr Val
225

Arg Leu Tyr Pro

Thr Asp Pro Ile
260

5

Lys Gly Ile Ser

Phe Gly Gly Ala
40

Trp Pro Ser Glu
55

Leu Met Asp Gln
70

Glu Leu Gln Gly
85

Ser Ser Trp Gln
Arg Ile Arg Glu
120

Met Pro Ser Phe
135

Tyr Ala Gln Ala
150

Ile Tyr Gly Glu
165

Tyr Lys Arg Gln
Lys Trp Tyr Asn
200

Ser Trp Val Asn
215

Leu Asp Leu Ile
230

Lys Glu Val Lys
245

Val Gly Val Asn

10

val val
25

Leu val
Asp Pro
Lys Ile
Leu Gln

950

Lys Asn
105

Leu Phe
Ala Ile

Ala Asn

Glu Trp
170

Leu Lys
185

Val Gly
Phe Asn

Ala Leu

Thr Glu
250

15

Gly Asp Leu Leu Gly
30

Ser Phe Tyr Thr Asn
45

Trp Lys Ala Phe Met
60

Ala Asp Tyr Ala Lys
75

Asn Asn Val Glu Asp
95

Pro Ala Ala Pro Phe
110

Ser Gin Ala Glu Ser
125

Ser Gly Tyr Glu Vval
140

Thr His Leu Phe Leu
185

Gly Tyr Glu Lys Glu
175

Leu Thr Gln Glu Tyr
190

Leu Asp Lys Leu Arg
205

Arg Tyr Arg Arg Glu
220

Phe Pro Leu Tyr Asp
235

Leu Thr Arg Asp Val
255

PCT/EPO2/19789

Lys

vVal

Glu

Asn
80

His

§ B}

?

Gly
Met
Val

240

Leu

Asn Leu Axg Gly Tyr Gly Thr Thr

265

270

-18-
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Phe Ser Asn Ile
275

Leu His Arg Ile
290

Asn Asp Ser Phe
305

Ser Ile Gly Ser
Ser Ser Glu Pro
340

Arg Ala Val Ala
355

Ser Gly Val Thr
370

Glu Ala Ser Thr
385

Ser Trp Asp Ser
Leu Glu Lys Gly
420

Met Gln Gly Ser
435

Ser Val Asp Phe
450

Pro Leu Val Lys
465

Gly Pro Arg Phe

Ser Ala Ala Thr
500

Tyr Arg Ala Arg
515

Leu Ser Leu Asp
530

Glu Asn Tyr Ile Arg Lys Pro His

280

Gln Phe His Thr Arg Fhe Gln Pro

295

Asn Tyr Trp Ser
310

Asn Asp Ile Ile
325

val Gln Asn Leu
Asn Thr Asn Leu
360

Lys Val Glu Phe
375

Gln Thr Tyr Asp
390

Ile Asp Gln Leu
405

Tyr Ser His Gln
Arg Gly Thr Ile
440

Phe Asn Met Ile
455

Ala Tyr Lys Leu
470

Thr Gly Gly Asp
485

Ile Tyr Val Thr
Ile His Tyr Ala
520

Gly Ala Pro Phe
535

Gly
Thr
Glu
345

Ala

Ser

Leu
425

Gln
Ile
Pro
505

Ser

Asn

300

Asn Tyr Val
315

Ser Pro Phe
330

Phe Asn Gly
vVal Trp Pro

Gln Tyr .Asn
380

Lys Arg Asn
395

Pro Glu Thr
410

Asn Tyr Val
Val Leu Thr
Ser Lys Lys

460

Ser Gly Ala
475

Ile Gln Cys
490

Asp Val Ser

Thr Ser Gln

Gln Tyr Tyx
540

Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe

545

550

555

-19.-

PCT/EP02/0Y78Y

Leu Phe Asp Tyr
285

Gly Tyr Tyr Gly
Ser Thr Arg Pro
320

Tyr Gly Asn Lys
335

Glu Lys Val Tyr
3s0

Ser Ala Val Tyr
365

Asp GIn Thr Asp
Val Gly Ala Val
400

Thr Asp Glu Pro
415

Met Cys Phe Leu
430

Trp Thr His Lys
445

Ile Thr Gln Leu
Ser Val val Ala
480

Thr Glu Asn Gly
495

Tyr Ser Gln Lys
510

Ile Thr Phe Thr
525

Phe Asp Lys Thr

Asn Leu Ala Ser
560

P¥
24
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PCT/EPI20YTR9

Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile Gly Val

Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile Glu Phe

580

Ile Pro val Asn

<210>
<21l>
<212>
<213>

<220>
<221>
<222>
<223 >

<220>
<221>
<222>
<223>

<400>

585

8
1807
DNA

565

570 575

585 590

Artificial Sequence

DS

{1)..(1806)
Maize optimized modified cry3A055 coding sequence.

misc_feature
(322) .. (333)
Cthepsin G recognition site coding sequence.

atg acg gcc gac
Met Thr Ala Asp

1

gac gtg atc cag
Asp Val Ile Gln

20

gtg ggc ttc ccc
Val Gly Phe Pro

35

ctg aac acc atc
Leu Asn Thr Ile

50

cag gtg gag gcc
Gln val Glu Ala

65

aag gca ctg gcc
Lys Ala Leu Ala

gtg agc gcc ctg
Val Ser Ala Leu

100

aac
Asn
5

aag
Lys

ttc
Phe

tgg
Trp

ctg

gag
Glu

85

agc
Ser

aac acc gag gcc ctg gac agc agc acc acc aag
Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
10 15

ggc atc agc gtg gtg ggc gac ctg ctg ggc gtg
Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val
25 30

ggc ggc gce ctg gtg age ttc tac acc aac ttc
Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
40 45

CCC agc gag gac c¢cc tgg aag gec ttc atg gag
Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu

S5 60

atg gac cag aag atc gcc gac tac gcc aag aac
Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn
70 75 80

cta cag ggc ctc cag aac aac gtg gag gac tat
Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr
90 95

agc tgg cag aag aac ccc gct gca ccg tte cge
Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Aryg
105 110
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d4ac cCcc cac agc cag ggc cgc atc cgc gag ctg ttc agc cag gcc gag 384
Asn Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu

115 120 125
agc cac ttc cgc aac agc atg ccc age ttc gec atc agc gge tac gag 432
Ser His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu
130 135 140
gtg ctg ttc ctg acc acc tac gcc cag gec goe aac acc cac ctg tte 480
Val Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe
145 150 155 160
ctg ctg aag gac gcc caa atc tac gga gag gag tgg ggc tac gag aag 528
Leu Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175
gag gac atc gec gag ttc tac aag cgc cag ctg aag ctg acc cag gag 576
Glu Asp Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu
180 185 190
tac acc gac cac tgec gtg aag tgg tac aac gtg ggt cta gac aag ctc 624
Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205
cge ggc age age tac gag agc tgg gtg aac ttc aac cgc tac cgc cgc 672
Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220
gag atg acc ctg acc gtg ctg gac ctg atc gce ctg tte ccc ctg tac 720
Glu Met Thr Leu Thr Val Leu Asp leu Ile Ala Leu Phe Pro Leu Tyr
225 230 235 240
gac gtg cgc ctg tac ccc aag gag gtg aag acc gag ctg acc cgc gac 768
Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255
gtg ctg acc gac ccc atc gtg ggc gtg aac aac ctg cgc ggc tac ggc gle
Val Leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 265 270
acc acc ttec agc aac atc gag aac tac ate cgc aag ccc cac ctg ttc 864
Thr Thr Phe Sex Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe
275 280 285
gac tac ctg cac cgc atc cag ttc cac acg cgt ttc cag ccc ggc tac 912
Asp Tyr Leu His Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyx
290 295 300
tac ggc aac gac agc ttc aac tac tgg agc ggc aac tac gtg age acc 960
Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320
cgc ccc agc atc ggc agc aac gac atc atc acc agc ccc tte tac gge 1008
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Arg Pro Ser

aac aag agc
Asn Lys Ser

gtg tac cgc
Val Tyr Arg
355

gtg tac agc

vVal Tyr Sex
370

acc gac gag

Asp Glu
38s

gce
Ala

gtg
Val

agce
Ser

cee ctg

Leu

gag
Glu

ttc ctg atg
Met

435

cac
His

agc
Lys Ser
450

ccc
Pro

cag ctg
Gln

465

gca
Ala

ggc
Gly

gtg
val

aac
Asn

agc
Ser

ggc
Gly

cag
Gln

aag
Lys Tyr

51S
ttc acc

530

Ile Gly
325

agc gag
Ser Glu
340

gcc gtg
Ala val

ggc gtg
Gly val

gcc age
Ala Ser

tgg gac

Trp Asp
405

gag aag
Glu Lys
420

cag ggc
Gln Gly

gtc gac
Val Asp

ctg gtg
Leu Val

cce cge

Pro Arg
485

gce gocc

Ala Ala
500

Arg Ala

Ser Asn

ccc gtg
Pro val

gct aac
Ala Asn

acc aag
Thr Lys
375

acc cag
Thr Gln
390

agc atc
Ser Ile

ggc tac
Gly Tyr

agc cgc
Ser Arg

ttc tte
Phe Phe
455

aag gcc
Lys Ala
470

ttec acc
Phe Thr

acc atc
Thr Ile

tac cgc gec cge ate

Arg Ile

ctg agc ctg gac ggg gec
Leu Ser Leu Asp Gly Ala

535

Ile Ile
330

Asp

ctt
Leu

cag aac
Gln

345
acc aac

Asn

cty
Leu
360

gtg ttc

Val

gag
Glu

tac gac

Asp

gac ctg
Asp Gln

410
cac
His
425

cag
Gln

agc
Ser

atce
Ile

ggc ace
Gly Thr
440

atc
Ile

aac atg

Met

tac ctc

Tyr

aag
Lys

ggc ggc gac
Gly Gly Asp
450

tac

Tyr

gtg acc
Val Thr
505

cac
His
520

tac gcc

Tyr Ala

cce ttc

-22.

Thr

gag
Glu

gcc
Ala

agc
Serx

agc
Ser
395

ccC

ctg

cce

gac
Asp

cag
Gln
475

atc
Ile

agc
Ser

aac

Pro Phe Asn

PCT/EPOZ/09789

Pro Phe Tyr Gly
335

Ser

ttc
Phe

aac
Asn

ggc
Gly
350

gag
Glu

aag
Lys

tct
Ser

cce
Pro

gtg
Val

tag
Trp
365

gca
Ala

aac
Asn

tac

Tyx

gac cag

Gln Gln

380

aac
Asn

gtg
val

ggc
Gly
400

cgc
Arg

aag
Lys

acc
Thr

gag acc
Glu

415

atg
Met

tac gtg

Tyr Val
430

ctg acc tgg
Leu Thr
445

atg
val

atc
Ile

aag aag acc

Lys Lys

agc
Ser

460

gtg
Val
480

age
Ser

agc ggc gcc
Ser Gly Ala

atc
Ile

cag tgc
Gln Cys

acc gag
Glu

495

gtg agc tac
Val Sser

510

gac

Asp

atc
Ile

acc agc cag
Ser Gln

525

tac tac

Tyr Tyr

caa
Gln
540

ttc gac

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632
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PCT/EPO2ANTSY

aag acc atc aac aag ggc gac acc ctg acc tac aac agc ttc aac ctg

Lys Thr Ile Asn Lys
545

gce age ttic agc acc
Ala Ser Phe Ser Thr
565

gge gtg acc ggc ctg
Gly Val Thr Gly Leu
580

gag ttc atc ccc gtg
Glu Phe Ile Pro Val
595

<210> S
<211> 598
<212> PRT

Gly Asp Thr Leu Thr Tyr Asn Ser
550 555

cct ttc gag ctg agc ggc aac aac
Pro Phe Glu Leu Ser Gly Asn Asn
570

agc gcc gge gac aag gtg tac atc
Ser Ala Gly Asp Lys Val Tyr Ile

585
aac tag atc tga gct ¢
Asn Ile Ala
600

<213> Artificial Sequence

<220>
<221> misc_feature
<222> {322)..(333)

<223> Cthepsin G recognition site coding segquence.

<400> 9

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser

1 5

Asp Val Ile Gln Lys
20

Val Gly Phe Pro Phe
35

Leu Asn Thr Ile Trp
50

Gln Val Glu Ala Leu
65

Lys Ala Leu Ala Glu
8s

Val Ser Ala Leu Ser
100

Asn Pro His Ser Gln
115

Ser His Phe Arg Asn

10

Gly Ile Ser Val Val Gly Asp Leu
25

Gly Gly Ala Leu Val Ser Phe Tyr
40 45

Pro Ser Glu Asp Pro Trp Lys Ala
55 60

Met Asp Gln Lys Ile Ala Asp Tyr
70 75

Leu Gln Gly Leu Gln Asn Asn Val
90

Ser Trp Gln Lys Asn Pro Ala Ala
105

Gly Arg Ile Arg Glu Leu Phe Ser
120 125

Ser Met Pro Ser Phe Ala Ile Ser

-23-

Phe Asn Leu
560

Ctc cag atc
Leu Gln Ile
575
gac aag atc

Asp Lys Ile
590

Thr Thr Lys
15

Leu Gly Val
30

Thr Asn Phe
Phe Met Glu

Ala Lys Asn
80

Glu Asp Tyr
95

Pro Fhe Ary

110

Gln Ala Glu

Gly Tyr Glu

1680

1728

1776

1807

A

4)
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130

Val Leu Phe
145

Leu Leu Lys

Glu Asp Ile

Tyr Thr Asp
195

Arg Gly Ser
210

Glu Met Thr
225

Asp Val Axg
Val Leu Thr

Thr Thr Phe
275

Asp Tyr Leu
2590

Tyr Gly Asn
305

Arg Pro Ser

Asn Lys Ser Ser Glu Pro Val Gln Asn Leu

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu

355

val Tyr Ser
370

Thr Asp Glu Ala Ser Thr Gln Thr Tyr Asp

385

Leu Thr Thr
150

Asp Ala Gln
165

Ala Glu Phe
180

His Cys Val
Ser Tyr Glu
Leu Thr Val

230

Leu Tyr Pro
245

Asp Pro Ile
260

Ser Aan Ile

His Arg Ile

135

PCT/EPOZNYTRY

140

Tyr Ala Gln Ala Ala Asn Thr His Leu Phe

Ile Tyr Gly Glu

170

Tyr Lys Arg Gln

185

Lys Trp Tyr Asn

200

Ser Trp Val Asn

215

Leu Asp Leu Ile

Lys Glu Val Lys

250

vVal Gly Val Asn

265

Glu Asn Tyr Ile

280

Gln Phe His Thr

295

Asp Ser Phe Asn Tyr Trp Ser

310

Ile Gly Ser Asn Asp Ile Ile

325

340

360

345

330

Gly Val Thr Lys Val Glu Phe

390

375

Ala Val Ser Trp Asp Ser Ile Asp Gln Leu

Glu Pro Leu Glu Lys Gly Tyr Ser His Gln

405

410

155 160

Glu Trp Gly Tyr Glu Lys
175

Leu Lys Leu Thr Gln Glu
150

Val Gly Leu Asp Lys Leu
205

Phe Asn Arg Tyr Arg Arg
220

Ala Leu Phe Pro Leu Tyr
235 240

Thr Glu Leu Thr Arg Asp
255

Asn Leu Arg Gly Tyr Gly
270

Arg Lys Pro His Leu Phe
285

Arg Fhe Gln Pro Gly Tyr
300

Gly Asn Tyr Val Ser Thr
315 320

Thr Ser Pro Phe Tyr Gly
335

Glu Fhe Asn Gly Glu Lys
is50

Ala Val Txp Pro Ser Ala
365

Ser Gln Tyr Asn Asp Gln
3Bso

Ser Lys Arg Asn Val Gly
39s 400

Pro Pro Glu Thr Thr Asp
415

Leu Asn Tyr Val Met Cya
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420 425 410

Phe Leu Met Gln Gly Ser Arg Gly Thr Ile Pro Val lLeu Thr Trp Thr

435 440 445

His Lys Ser Val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr
450 455 460

Gln Leu Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Sexr Val

465

470 475 480

Val Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu

485 490 495

Asn Gly Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser

500 505 510

Gln Lys Tyr Arg Ala Arg Ile His Tyr Ala Sexr Thr Ser Gln Ile Thr

515 520 525

Phe Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Tyr Phe Asp
530 535 540

Lys Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu

545

550 555 560

Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile

Gly val

565 570 575

Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile
580 585 590

Glu Phe Ile Pro Val Asn

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

595

10

lels

DNA

Artificial Sequence

CcDS
(1)..(1818)
Maize optimized modified cry3A085 coding sequence.

misc_feature
(346) .. (357)
Cathepsin G recognition site coding sequence.

10

atg aac tac aag gag ttc ctc cgc atg acc gcc gac aac aac acc gag
Met Asn Tyxr Lys Glu Phe Leu Arg Met Thr Ala Asp Asn Asn Thr Glu
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1
gce
Ala

gtg
Val

ctg
Leu
gac

65

age
Ser
145

cag
Gln

gga

ctg gac agc agc acc acc aag gac gtg atc cag

Leu

gty
val

gtg
Val
50

ccc

atc
Ile

cag
Gln

gag
Glu
130

ttc
Phe

gce
Ala

gag

5

Asp Ser Ser
20

ggc gac ctg
Gly Asp Leu
35

agc ttc tac
Ser Phe Tyr

tgg aag gcc
Trp Lys Ala

gcc gac tac
Ala Asp Tyr
85

aac aac gtg
Asn Asn Val
100

ccc gct
Pro Ala
115

gca
Ala

ctg
Leu

ttc agc
Phe Ser

atc
Ile

agc
Ser

gece
Ala

aac acc
Asn Thr
165

gce
Ala

gag tgg ggc

Thy Thr Lys

ctg ggc gtg
Leu Gly Val
40

acc aac ttc
Thr Asn Phe
55

ttc atg gag
Phe Met Glu
70

gcc aag aac
Ala Lys Asn

gag gac tat
Glu Asp Tyr

ccg ttc oge
Pro Phe Arg
120

cag gcc gag
Gln Ala Glu
135

ggc tac gag

Gly Tyx Glu
150

cac ctg ttc
His Leu Phe

tac gag aag

Gly Glu Glu Trp Gly Tyr Glu Lys

cge

cag

180

ctg aag ctg

acc cag gag

Arg Gln Leu Lys Leu Thr Gln Glu

195

200

tac aac gtg ggt cta gac aag ctc

Tyr

Asn
210

Val Gly Leu Asp Lys Leu Arg Gly Ser Ser Tyr Glu

215

Asp
25

gtg
val

ctg
Leu

cag
Gln

aag
Lys

qtg
val
105

aac

Asn

agc
Ser

gtg
val

ctg

gag
Glu

185

tac
Tyr

gc

10

vVal

ggc
Gly

aac
Asn

gtg
val

gca
Ala
90

agc
Ser

cCce

cac
His

ctg
Leu

ctg
Leu
170

gac
Asp

acce
Thr

ggc

aag

Ile Gln Lys

ttc
Phe
45

ttc ccc
Phe Pro

acc atc
Thr Ile
60

tog
Trp

gag gcc ctg
Glu Ala

75

ctg gcc
Leu Ala

gag
Glu

gce ckg
Ala Leu

agc
Ser

cac agc
His Ser

cag
Gln

125

ttc cgc aac
Phe Arg Asn
140

ttc ctg acc
Phe Leu Thr
155

aag gac gcc
Lye Asp Ala

atc gcc gag
Ile Ala Glu

gac cac tgc
Asp His Cys

205
age agc tac

220

-26-
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15

ggc
Gly
30

atc agc
Ile Ser

ggc ggc gce
Gly Gly Ala

ccc agc gag
Pro Ser Glu

atg
Met

gac cag

Asp Gln
:1i]

cta
Leu

cag ggc
Gln Gly
95

tgg cag
Trp Gln

agce
Ser
110

ggc cgc atc
Gly Arg Ile

atg ccc
Met Pro

agc
Ser

acc
Thr

tac gcc

Tyr Ala
160

atc tac

Ile Tyr
175

caa
Gln

tte
Phe
190

tac aag

Tyr Lys

aag tgyg
Lys Txp

gtg
Val

agc tgg
Ser Trp

gag

96

144

192

240

288

336

384

432

480

528

576

624

€72
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gtg aac ttc
Val Asn Phe
225

atc
Ile

ctg
Leu

gcc
Ala

aag acc

Lys

gtg
val

aac
ABn
275

aac
Asn

gtg
val

atc
Ile
290

tac cge

Arg

cgt
Arg

cac
His
305

acg

agc
Ser

ggc
Gly

tag

atc acc

Ile

atc
Ile

aac ctt

Asn

gag
Glu
ass

aac
Asn

ctg
Leu
370

gce
Ala

ttc
Phe

age
Ser

gag
Glu
385

tac gac
Tyr Asp

agc
Ser

cag ctg ccc

Gln Leu

cac cag ctg

His Gln

PCT/EPO2INY78Y
aac cgc tac cogc cgc gag atg acc ctg acc gtg ctg gac 720
Asn Arg Tyr Arg Arg Glu Met Thr Leu Thr Val Leu Asp
230 235 240
ctg ttc ccc ctg tac gac gtg cgc ctg tac ccc aag gag 768
Leu Phe Pro Leu Tyr Asp Val Arg Leu Tyr Pro Lys Glu
245 250 255
gag ctg acc cgc gac gtg ctg acc gac ccc atc gtg ggc 816
Glu Leu Thr Arg Asp Val Leu Thr Asp Pro Ile Val Gly
260 265 270
ctg cgc ggc tac gge acc acc ttc age aac atc gag aac 864
Leu Arg Gly Tyr Gly Thr Thr Phe Ser Asn Ile Glu Asn
280 285
aag ccc cac ctg ttc gac tac ctg cac cqc atc cag ttc 912
Lys Pro His Leu Phe Asp Tyr Leu His Arg Ile Gln Phe
295 300
ttc cag ccc ggc tac tac ggc aac gac agc tte aac tac 960
Phe Gln Pro Gly Tyr Tyr Gly Asn Asp Ser Phe Asn Tyr
310 a1s 320
aac tac gtg agc acc cgc ccc age atc ggc agc aac gac 1008
Asn Tyr Val Ser Thr Arg Pro Ser Ile Gly Ser Asn Asp
325 330 335
agc ccc ttc tac ggec aac aag agc agc gag ccc gtg cag 1056
Ser Pro Phe Tyr Gly Asn Lys Ser Ser Glu Pro Val Gln
340 345 350
ttc aac ggc gag aag gtg tac ogc gce gtg get aac acc 1104
Phe Asn Gly Glu Lys Val Tyr Arg Ala Val Ala Asn Thr
360 365
gtg tgg ccc tet goca gtg tac agc gge gtg acc aag gtg 1152
Val Trp Pro Ser Ala Val Tyr Ser Gly Val Thr Lys Val
375 380
cag tac aac gac cag acc gac gag gcc agc acc cag acc 1200
Gln Tyr Asn Asp Gln Thr Asp Glu Ala Ser Thr Gln Thr
390 395 400
aag cgc aac gtg ggc gcc gtg agc tgg gac agc atc gac 1248
Lys Arg Asn Val Gly Ala Val Ser Trp Asp Ser Ile Asp
405 4110 415
CCc gag acc acc gac gag ccc ¢tg gag aag ggc tac agc 1296
Pro Glu Thr Thr Asp Glu Pro Leu Glu Lys Gly Tyr Ser
420 425 430
aac tac gtg atg tgc ttc ctg atg cag gyc age cgc ggc 1344
Asn Tyr Val Met Cys Phe Leu Met Gln Gly Ser Arg Gly
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acc
Thr Ile

450

atc
Ile

atg
Met
465
aag ctc
Lys

ggc gac

Gly Asp

gtg acc

Val Thr

tac gcc
Tyr Ala
530

cce tte
Pro Phe
545

<210>
<211l>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

atc

435

cce gtg acc

Pro Val

ctg
455

aag

Lys
470

gac agc
Asp Ser

aag
Lys

ggc gcc
Gly Ala
485

cag
Gln

agc
Ser

atec
Ile
500

atc
Ile

cag
Gln

tgc
Cys

agc
Ser

cece gac
Pro Asp
515

gtg
val

acc atc

agc cag
Ser Gln

agc
Ser
535

tac tac

Tyx Tyr
550

caa
Gln

aac
Asn

tac aac

Tyr Asn

agc ttc
Ser Phe
565

aac ctc
Asn Leu

ggc aac
Gly Asn
580

atc
Ile

gtg tac gac

Val Tyr
595

11

606

PRT

Artificial Sequence

misc_feature
(246) .. (357)

440

tgg acc
Trp Thr

atc acc
Ile Thr

agc gtg
Ser vVal

acc gag
Thr Glu

tac agc

Tyr Ser

520

acc

Ile Thr

600

cac
His

cag
Gln

gtg
Val

aac
Asn
505

cag
Gln

tte
Phe

ttc gac aag
Phe Asp Lys

aac ctg gcc
Asn Leu Ala

cag atc ggc
Gln Ile Gly

585

aag atc gag
Asp Lys Ile Glu

ctg
Leu

gca
Ala
490

Gly

aag
Lys

acc

agc
Ser
570

gtg
val

ttc
Phe

agc
Ser

cee
Pro
475

ggc
Gly

agc
Ser

tac

Tyr

ctg
Leu

ate
Ile
555

ttc
Phe

acc

atc
Ile

PCT/EPO20978Y

445

gtc gac ttc ttec aac
Val Asp Phe Phe Asn
460

aag gcc tac

Lys Ala Tyr
480

ctg gtg
Leu Val

ccc cge

Pro Arg

ttc acc ggc
Phe Thr Gly
495

acc atc tac
Thr Ile Tyr
510

gcc gec
Ala Ala

cac
His

©gc gec cgc atc
Arg Ala Arg Ile
525

agc ctg gac ggg gcc
Ser Leu Asp Gly Ala

540

aac aag ggc gac acc
Asn Lys Gly Asp Thr
560

agc acc cct ttc gag
Ser Thr Pro Phe Glu
575

ggc ctg agc gcc ggc
Gly Leu Ser Ala Gly
590

ccc gtg aac
Pro Val Asn
605

Cathepsin G recognition site coding sequence.

11
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1392

1440

1488

1536

1584

1632

1680

1728

1776
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Met Asn

val val
Leu Val
50

Asp Pro
65

Lys Ile

Leu Gln

Lys Asn

Arg Glu
130

Ser Phe
145

Gln Ala
Gly Glu
Arg Gln
Tyr Asn

210
val Asn
225
Leu Ile

val Lys

val Asn

Tyr Lys Glu Phe Leu Arg Met
5
Asp Ber Ser Thr Thr Lys Asp
20 25

Gly Asp Leu Leu Gly Val Val
a5 40

Ser Phe Tyr Thr Asn Phe Leu
55

Trp Lys Ala Phe Met Glu Gln
70

Ala Asp Tyr Ala Lys Asn Lys
85

Asn Asn Val Glu Asp Tyr val
100 105

Pro Ala Ala Pro Phe Arg Asn
115 120

Leu Phe Ser Gln Ala Glu Ser
135

Ala Ile Ser Gly Tyr Glu Val
150

Ala Asn Thr His Leu Fhe Leu
165

Glu Trp Gly Tyr Glu Lys Glu
180 185

Leu Lys Leu Thr Gln Glu Tyr
195 200

Val Gly Leu Asp Lys Leu Arg
215

Fhe Asn Arg Tyr Arg Arg Glu Met Thr

230

Thr Ala

10

val Ile

Gly Phe

Asn Thr

Val Glu

Ala Leu

90

Ser Ala

Pro His

His

Leu Phe

75

Phe

155

Leu Lys

170

Asp

Thr Asp

Gly Ser

Ile

235

Asp Asn

Gln Lys

Pro Phe
45

Ile Txp
60

Ala Leu

Ala Glu

Leu Ser

Ser Gln
125

Arg Asn
140

Leu Thr

Asp Ala

Ala Glu

His Cys
205

Ser Tyr
220

Leu Thr

Ala Leu Phe Pro Leu Tyr Asp Val Arg Leu Tyr

245

Thr Glu Leu Thr Arg Asp Val
260 265

250

PCT/EPO2/197RY

Asn Thr Glu
15

Gly Ile Ser
30

Gly Gly Ala
Pro Ser Glu
Met Asp Gln

80

Leu Gln Gly
95

Ser Trp Gln
110

Gly Arg Ile

Ser Met Pro
Thr Tyr Ala
160

Gln Ile Tyx
175

Phe Tyr Lys
190

val Lys Trp

Glu Ser Trp

Val Leu Asp
240

Pro Lys Glu
255

Leu Thr Asp Pro Ile Val Gly

Asn Leu Arg Gly Tyr Gly Thr Thr Phe Ser Asn

275 280

-29.
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270

Ile Glu Asn
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Tyr Ile Arg Lys Pro His Leu Fhe Asp Tyr leu His Arg Ile Gln

290

His Thr Arg Phe Gln Pro Gly Tyr Tyr Gly Asn Asp Ser Phe Asn

305

310

295

100

315

Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser Ile Gly Ser Asn

325

330

335

Ile Ile Thr Ser Pro Phe Tyr Gly Asn Lys Ser Ser Glu Pro val

340

345

350

Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr Arg Ala Val Ala Asn

355

Asn
370

378

360

365

Leu Ala Val Trp Pro Ser Ala Val Tyr Ser Gly Val Thr Lys

380

Glu Fhe Ser Gln Tyr Asn Asp Gln Thr Asp Glu Ala Ser Thr Gln

385

390

Tyr Asp Ser Lys Arg Asn Val Gly Ala Val

405

410

Gln Leu Pro Pro Glu Thr Thr Asp Glu Pro

420

His Gln leu Asn
435

Thr Ile Pro Vval
450

Met Ile Asp Ser
465

470

455

440

425

Tyr Val Met Cys Phe Leu

Leu Thr Trp Thr His Lys

Lys Lys Ile Thr Gln lLeu

Lys Leu Gln Ser Gly Ala Ser Val Val Ala

485

Gly Asp Ile Ile
500

505

490

Gln Cys Thr Glu Asn Gly

val Thr Pro Asp Val Ser Tyr Ser Gln Lys

515

Tyr Ala Ser Thr
530

535

520

Ser Gln Ile Thr Phe Thr

Pro Phe Asn Gln Tyr Tyr Phe Asp Lys Thr

545

Leu Thr Tyr Asn
565

550

Ser Phe Asn lLeu Ala Ser

570

355

Ser Trp Asp Ser Ile
415

Leu Glu Lys Gly Tyr
430

Met Gln Gly Ser Arg
445

Ser Val Asp Phe Phe
460

Pro Leu Val Lys Ala
475

Gly Pro Arg Phe Thr
495

Ser Ala Ala Thr Ile
510

Tyr Arg Ala Arg Ile
525

Leu Ser Leu Asp Gly
540

Ile Asn Lys Gly Asp
555

Phe Ser Thr Pro Phe
575

-30-

PCT/EPO2/09THY

Phe

320

Asp

Gln

val

400

Asp

Gly

480

Gly

His
Ala
Thx

560

Glu



WO 037418810

Leu Ser Gly Asn Asn Leu Gln Ile Gly Val Thr Gly Leu Ser Ala Gly
590

Asp Lys Val Tyr Ile Asp Lys Ile Glu Phe Ile Pro Val Asn

595

<210> 12

<211l> 1794
<212> DNA
<213>

«220>
<221>
<222>
<223>

DS
(1) ..

«220>
<221>
<222>
<223>

<400> 12
atg acg gcc
Met Thr Ala
1

gac gtg atc
Agp Val Ile

tte
Fhe
35

gtg ggc
Val Gly

aac acc
Thr

ctg
Leu Asn
S0

cag
Gln
65

gag
Glu

gtg
val

gca
Ala

ctg
Leu

aag
Lys

agc gcc
Ser Ala

gtg
val

ccc cac
Pro His

agce
Ser
115

580

{1794)

misc_feature
{1609) .. (1620}
Cathepsin G recognition site coding sequence

gac aac aac
Asp Aen Asn
5

cag aag ggc
Gln Lys Gly
20

cce tte gge
Pro Phe Gly

atc tgg ccc
Ile Trp Pro

gcec ctg atg
Ala Leu Met
70

gcc gag cta
Ala Glu Leu
85

ctg agc agc
Leu Ser Ser
100

cag ggc cgc
Gln Gly Arg

585

600

Artificial Sequence

605

acc gag gcc ctg gac agc agc acc

Thr Glu Ala Leu Asp Ser Ser Thr

atc
Ile

agc gtg
Ser Val
25

ctg
Leu

gge gee
Gly Ala
40

agc gag gac
Ser Glu Asp
55

gac cag aag
Asp Gln Lys

cag ggc ctc
Gln Gly Leu

tgg cag aag
Trp Gln Lys
105

atc cgc gag
Ile Arg Glu
120

10

gtg ggc gac ctg ctg

Val

gtg
val

ccc
Pro

atc
Ile

cayg
Gln

90
aac
Asn

ctg
Leu

Gly

agc
Ser

tgg
Trp

gece
Ala
75

aac
ABn

cCcC

ttc
Phe

-3]-

Asp Leu Leu
30

ttc tac acc
Phe Tyr Thr
45

aag gcc ttc
Lys Ala Phe

60
gac tac gcc
Asp Tyr Ala

aac gtg gag
Asn Val Glu

gtc
Val

tcg agce
Ser Ser
110

agc cag gcc
Ser Gln Ala
125

PCT/EPO219T8Y

Maize optimized modified cry3A082 coding sequence.

acc aag
Thr Lys
15

ggc gtg
Gly Vval

aac ttc
Asn Phe

atg gag
Met Glu

aag aac
Lys Asn
80

gac tat
Asp Tyr
85

cgc aac

Arg Asn

gag agc
Glu Ser

48

96

144

192

240

288

336

384

9
¢$
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cac
His
130

ctg
145

ctg
Leu

aag gac

gac

Asp

atec gcc
Ile Ala

acc gac cac
Thr Asp His
195

age age
Sexr Ser
210

ggc
Gly

acec ctg
Thr Leu

atg
Met
225

gtg
Val

ctg
Leu

cqc
Arg

ctg
Leu

acc gac
Thr Asp

acc ttc
Thr Phe

age
Ser
275

cac
His

tac ctg
Leu

290

ggc aac
Gly Asn
305

gac
Asp

atc
Ile

ccC
Pro

agc
Ser

agc agc

aag

gcc

Lys Asp Ala

gag
Glu
180

tgc
Cys

cac

Tyr

acc
Thr

tac

cCcC
260

aac
Asn

agc

Ser

Gly

gag

caa
Gln
165

ttc
Phe

gtg
val

gag
Glu

gtg
val
cce
245
atc

Ile

atc
Ile

atc
Ile

ttc
Phe

agc
Ser
325

ccc

ttc cgc aac agc atg ccc agc ttc gec
Phe Arg Asn Ser Met Pro Ser FPhe Ala

135

ttc ctg acc acc tac gcc cag goc goo
Phe Leu Thr Thr Tyr Ala Gln Ala Ala

150

atc tac gga gag gag
Ile Tyr Gly Glu Glu
170

tac aag cgc cag ctg

Tyr Lys Arg Gln Leu
185

aac gtg
Asn Val

aag tgg tac
Lys Trp Tyr
200

aac ttc
Asn Phe

agc tgg gtg
Ser Trp Val
215

atc gec
Ile Ala

ctg gac ctg
Leu Asp Leu
230

aag acc
Lys Thr
250

aag gag gtg
Lys Glu val

aac aac
AEn Asn
265

gtg ggc gtg
Val Gly Val

atc cgc
Ile Arg

gag aac tac
Glu Asn Tyr
280

cag ttc cac acg cgt
Gln Phe His Thr Arg
295

aac tac tgg agc ggc

Aan Tyr Trp Ser Gly
310

aac gac atc atc acc
Asn Asp Ile Ile Thr
330

gtg cag aac ctt gag

atc
Ile

aac
Asn
155

tgg
Trp

aag
Lys

gqgt
Gly

aac
Asn

ctg
Leu
235

gag
Glu

ctg

PCT/EPO2AN7HY

agc ggc tac gag gtg
Ser Gly Tyxr Glu val
140

acc cac ctg ttc ctg
Thr His Leu Phe Leu
160

ggc tac gag aag gag
Gly Tyr Glu Lys Glu
175

ctg acc cag gag tac
Leu Thr Gln Glu Tyr
190

cta gac aag ctc cgc

Leu Asp Lye Leu Arg
205

cgc tac cgc cgc gag
Arg Tyr Arg Arg Glu
220

ttc ccc ctg tac gac
Phe Pro Leu Tyr Asp
240

ctg acc cgc gac gtg
Leu Thr Arg Asp Val
255

cgc ggc tac ggc ace

Leu Arg Gly Tyr Gly Thr

aac
Asn
31s

age
Ser

ttc

-32 -

270

ccc cac ctg ttc gac
Pro His Leu Phe Asp
285

ccc ggc tac tac
Pro Gly Tyr Tyr

cag
Gln
3400

tac

Tyr

gtg agc acc cgc
Val Ser Thr Arg
320

cec
Pro

ttc tac ggc aac
Phe Tyr Gly Asn
335

aac ggc gag aag gtg

432

480

528

576

624

672

720

768

816

912

960

1008

1056
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Lys Ser Ser

tac

Tyr

tac

Tyr

gac
Asp
385

gtg
val

cccC
Pro

ctg

aag

ctg
465
gca
Ala

ggc
Gly

acc

Thr Ile Asn

545

cge
Arg

agc
Ser
370

gag
Glu

agce
Ser

ctg
Leu

atg
Met

age
Ser
450

ccc
Pro

ggc
Gly

age
Ser

tac

Tyr

ctg
Leu
530

atc

Glu Pro
340

qcc gtg gct
Ala Val Ala

355

ggc gtg acc
Gly val Thr

gcc agc acc
Ala Ser Thr

tgg gac agc
Trp Asp Ser
405

gag aag ggc
Glu Lys Gly
420

agc
Ser

cag ggc
Gln Gly
435

ttec
Phe

gtc
val

gac
Asp

ctg gtg
Leu val

aag
Lys

ttc
Phe
485

cec oge
Pro Arg

gee gec
Ala Ala
500

acc
Thr

cgc gee cge
Arg Ala Arg
515

agc ctg gac
Ser Leu Asp

aac aag ggc

Lys Gly

Val Gln Asn

aac
Asn

aag
Lys

cag
Gln
390

atc
Ile

tac

Tyr

cge
Arg

ttc

gcc
Ala
470

acc
Thr

atc
Ile

ate
Ile

g9y
Gly

gac
Asp
550

acc

gtg
Val
375

acc

gac
Asp

age
Ser

ggc
Gly

aac
Asn
455

tac

aqc
Gly

tac

cac
His

gcc
Ala
535

acc

Leu Glu
345

aac
Asn
360

ctg gco
Leu Ala

ttec
Phe

agc
Ser

gag
Glu

tac gac agc

Ser

cag ccc

Gln

ctg
410

cac
His

cag ctg
Gln

425

atc
Ile

acc ccc
440

atg
Met

atc gac
Ile Asp

ctc
Leu

aag
Lys

cag
Gln

atc
Ile
490

gac
Gly

gac
Asp

acc ccc
Thr

505

gtg
Val

tac gcc

Tyr Ala
520

agc
Ser

ccc got gca
Pro Ala Ala

ctg acc tac
Leu Thr Tyr

-33.

Phe Asn Gly Glu Lys Val

gtg
val

cag
Gln

aag
Lys
395

ccc

aac

gtg
Val

agc
Ser

agc
Ser
475
atce
Ile

gac

acc

Pro

aac
Asn
555

aso

tgg ccc tet
Trp Pro Ser
365

tac aac gac

Tyr Asn Asp
380

cgc aac gtg
Arg Asn Val

gag acc acc
Glu Thr Thr

tac gtg
Tyr Val

atg
Met
430

tgg
Trp

ctg acc
Leu Thr
445

atc
Ile

aag aag

Lys Lys
460

ggc gcc
Gly Ala

agc
Ser

tge
Cys

cag acc

Gln

gtg tac

val

agc
Ser
510

atc
Ile

age
Ser

cag
Gln
525

tte
Phe
540

tte
Phe

tac

ttc aac
Phe Asn

agce
Ser

gca
Ala

cag
Gln

ggc
Gly

gac
Asp
4115
tgc
Cys

acc

acc

gtg
Val

gag
Glu

495
agc
Ser

acc

gac
Asp

ctg

gtg
val

acc
Thr

gce
Ala
400

gag
Glu

ttec

cac
His

cag
Gln

gtg
Val
480

aac

cag
Gln

tte

aag
Lys

gce
Ala
560

PCT/EPO2ZAWYTRY

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

>
4lo
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agc ttc agc acc cct ttc gag ctg agc ggc aac aac ctc cag
Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln
565 570

gtg acc ggc ctg agc gec ggc gac aag gtg tac atc gac aag
Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys
580 585 590

ttc atc ccc gtg aac tag
Phe Ile Pro Val Asn
595

<210> 13

<211> 597

<212> PRT

«<213> Artificial Sequence

<220>

<221> misc_feature

<222> (1609)..(1620)

<223> Cathepsin G recognition site coding sequence

<400> 13
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr
1 5 10

Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr
35 40 45

Leu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe
50 55 60

Gln Val Glu Ala Leu Met Aap Gln Lys Ile Ala Asp Tyr Ala
65 70 75

Lys Ala Leu Ala Glu Leu Gln Gly Leu Gln Asn Asn Val Glu
85 90

Val Ser Ala Leu Ser Ser Trp Gln Lys Asn Pro Val Ser Ser
100 105 110

Pro His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala
115 120 125

His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr
130 135 140

Leu Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu
145 150 155

-34.

PCT/EPO2N9T89

atc ggc
Ile Gly
575

atc gag
Ile Glu

Thr Lys
15

Gly Vval

Asn Phe

Met Glu

Lys Asn
80

Asp Tyr
85

Arg Asn
Glu Ser

Glu val

Phe Leu
160

1728

1776

1794




WO 03018810

Leu Lys Asp Ala
Asp Ile Ala Glu

180

Thr Asp His Cys
195

Gly Ser Ser Tyr
210

Met Thr Leu Thr
225

Val Arg Leu Tyr
Leu Thr Asp Pro
260

Thr Phe Ser Asn
275

Tyr Leu His Arg
250

Gly Asn Asp Ser
305

Pro Ser Ile Gly

Lys Ser Ser Glu
340

Tyr Arg Ala Val
355

Tyr Ser Gly Val
370

Asp Glu Ala Ser
385

Val Ser Trp Asp

Pro Leu Glu Lys
420

Leu Met Gln Gly
435

Gln Ile Tyr Gly Glu Glu
165 170

Phe Tyr Lys Arg Gln Leu
185

Val Lys Trp Tyr Asn Val
200

Glu Ser Trp Val Asn Phe
215

Val Leu Asp Leu Ile Ala
230

Pro Lys Glu Val Lys Thr
245 250

Ile val Gly Val Asn Asn
265

Ile Glu Asn Tyr Ile Arg
280

Ile Gln Phe His Thr Arg
295

Phe Asn Tyr Trp Ser Gly
310

Ser Asn Asp Ile Ile Thr
325 330

Pro Val Gln Asn Leu Glu
345

Ala Asn Thr Asn Leu Ala
360

Thr Lys Val Glu Phe Ser
375

Thr Gln Thr Tyr Asp Ser
390

Ser Ile Asp Gln Leu Pro
405 410

Gly Tyr Ser His Gln Leu
425

Ser Arg Gly Thr Ile Pro
440

PCT/EPO2ANTRY

Trp Gly Tyr Glu Lys Glu
175

Lys Leu Thr Gln Glu Tyr
190

Gly Leu Asp Lys Leu Arg
205

Asn Arg Tyr Arg Arg Glu
220

Leu Phe Pro Leu Tyr Asp
235 240

Glu Leu Thr Arg Asp Val
255

Leu Arg Gly Tyr Gly Thr
270

Lys Pro His Leu Phe Asp
285

Fhe Gln Pro Gly Tyr Tyr
300

Asn Tyr Val Ser Thr Arg
315 320

Ser Pro Phe Tyr Gly Asn
335

Phe Asn Gly Glu Lys Val
350

Val Trp Pro Ser Ala Val
365

Gln Tyr Asn Asp Gln Thr
380

Lys Arg Asn Val Gly Ala
395 400

Pro Glu Thr Thr Asp Glu
415

Asn Tyr Val Met Cys Fhe
430

Val Leu Thr Trp Thr His
445

-35-

>4
4X
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Lys Ser Val Asp Fhe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr Gln
450 455 460

Leu Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val Val

465

470 475 480

Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu Asn

485 490 495

Gly Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser Gln

500 505 510

Lys Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr Phe

515 520 525

Thr Leu Ser Leu Asp Gly Ala Pro Ala Ala Pro Phe Tyr Phe Asp Lys

S30

535 540

Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala

545

550 555 560

Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gln Ile Gly

565 570 575

Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr Ile Asp Lys Ile Glu

580 585 590

Phe Ile Pro Val Asn

<210>
<211>
<2]12>
<213>

220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

595

14

1816

DNA

Artificial Sequence

CDs
(1)..(1812)
Maize optimized modified cry3A058 coding sequence.

misc_feature
{1621) .. (1632)
Cathepsin G recognition site coding sequence

14

atg acg gcc gac aac aac acc gag gcc ctg gac agc agc acc acc aag
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Sexr Thr Thr Lys

1

5 10 15

gac gtg atc cag aag ggc atc agc gtg gtg ggc gac ctg ctg ggc gtg
Asp Val Ile Gln Lys Gly Ile Ser Val Val Gly Asp Leu Leu Gly Val

-36-
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gtg
val

ctg

ggc
Gly

aac

Leu Asn

cag
Gln
65

aag

50

gtg
Val

gca

Lys Ala

gtg
val

cce

cac
Hig

ctg
145

ctg

gac

acc

ggc
Gly

atg
Met
225

agc
Ser

cac
His

tte
Phe
130

ttc

aag
Lys

atc
Ile

gac

agce
Ser
210

acc

tte
Phe
35

acc
Thr

gag
Glu

ctg

gce
Ala

agc
Ser
115

cgc

ctg

gac
Asp

gcec
Ala

20

ccc

atc
Ile

gce
Ala

gcc
Ala

ctg
Leu
100

Gln

acc
Thr

gce
Ala

gag
Glu
180

ttc
Phe

tgg

ctg

gag
Glu
8s

agc

Ser

ggc
Gly

agc
Ser

acc

caa
Gln
165

ttc
Phe

cac tgc gtg
His Cys Val

195

agc tac gag
Ser Tyr Glu

ctg acc gtg
Leu Thr Vval

ggc
Gly

ccec
Pro

atg
Met
70

cta

agc
Ser

egc
Arg

atg
Met

tac

Tyr
150

ate
Ile

tac

Tyr

ggc gcc
Gly Ala
40

agc gag
Ser Glu
55

gac cag
Asp Gln

cag ggc
Gln Gly

tgg cag
Trp Gln

atc cgc

Ile Arg
120

ccc agce
Pro Ser
135

gcc cag
Ala Gln

tac gga
Tyr Gly

aag cgc
Lys Arg

25

ctg gtg
Leu Val

gac ccc

Asp Pro

aag atc
Lys Ile

ctc cag
Leu Gln
90

aag aac
Lys Asn
105

gag ctg
Glu Leu

ttc geco
Phe Ala

gce gee
Ala Ala

gag gag
Glu Glu
170

cag ctg
Gln Leu
185

age
Ser

tgg
Trp

gcc
Ala
75

daac
Asn

ccC
Pro

tte
Phe

atc
Ile

aac
Asn
155

tag
Trp

aag
Lys

aag tgg tac aac gtg ggt
Lys Trp Tyr Asn Val Gly Leu Asp

200

agc tgg gtg aac ttc aac
Ser Trp Val Asn Phe Asn

215

ttec tac

Phe Tyr
45

aag gcc
Lys Ala
60

gac tac
Asp Ty

aac gtg
Asn Val

gtc tecg
Val Ser

agc cag
Ser Gln
125

agc ggc
Ser Gly
140

acc cac
Thr His

ggc tac
Gly Tyr

ctg acc
Leu Thr

cta gac

205

30

PCT/EPO2/19789

acc aac ttc
Thr Asn Phe

ttc atg gag

Phe Met

gcc aag
Ala Lys

gag gac
Glu Asp
95

agc cgc
Ser Arg
110

gcc gag
Ala Glu

tac gag
Tyr Glu

ctg ttc
Leu Phe

gag aag
Glu Lys
175

cag gag
Gln Glu

190

aag ctc
Lys Leu

Glu

aac
Asn
80

tat
Tyr

aac
Asn

agc
Ser

gtg
val

ctg
Leu
160

gag
Glu

tac

Tyr

cgc
Arg

cgc tac cgc cgc gag
Arg Tyr Arg Arg Glu

220

ctg gac ctg atc gcc ctg ttec ccc ctg tac gac
Leu Asp Leu Ile Ala Leu

230

2315

-37-

Phe Pro Leu Tyr Asp

240

144

192

240

288

336

384

432

4180

528

576

624

672

720

s
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gtg
val

ctg
Leu

acc
Thr

tac

TyT

ggc
Gly
305

cce
Pro

aag
Lys

tac
Tyr

tac
Tyx

gac

Asp
385

gtg
Vval

cce
Pro

ctg
Leu

Lys

tac ccc

Tyr Pro
245

ctg
Leu

cge
Arg

atc
Ile

acc ccc

Thr

gac

Asp
260

atc
Ile

ttc aac

Phe

age
Ser
275

atc
Ile

cac
His

ctg
Leu
290

tte
Phe

aac gac

Asn Asp

age
Ser

atc
Ile

agc
Ser
325

ggc
Gly

agc
Ser

ccC
Pro

agc
Ser

gag
Glu
340

agc
Ser

gtg gct
val Ala

€gc gcc
Arg Ala
355

acc
Thr

gty
Val

agc ggc
Ser Gly
370

ace
Thr

agce
Ser

gag gcc
Glu Ala

age
Ser
405

agc tgg gac
Ser Trp Asp

ggc
Gly

ctg gag aag
Leu Glu Lys
420

atg cag ggc age
Met Gln Gly Ser
435

agc gtc gac tte
Ser Val Asp Phe

aag
Lys

aag gag gtg
Lys Glu Val

gtg ggc gtg aac
Val Gly Vval

265

ate
Ile

gag aac tac
Glu Asn Tyr
280

cag ttc cac
Gln Phe His
295

aac tac tgg

Asn Tyr Trp
310

agc
Ser

ate
Ile

aac gac atc
Asn Asp Ile

gtg cag aac ctt
Val Gln Asn

345

aac acc aac
Asn Thr Asn
360

ctg

ttc
Phe

aag gtg gag
Lys Val Glu

375

cag acc tac gac

Gln Thr Tyr Asp
3590

atc gac cag ctg
Ile Asp Gln Leu

tac agc cac cag
Tyr Ser His Gln
425

©gc ggc acc atc
Arg Gly Thr Ile
440

ttc aac atg atc
Phe Asn Met Ile

acc gag ctg aéc
Thr Glu Leu Thr
250

aac
Asn

ctg cgc ggc
Leu Arg Gly

cac
His
285

cgc
Arg

aag ccc
Lys Pro

cce
Pro

ttc cag
Fhe Gln
300

cgt
Arg

tac

Tyr

aac
Aan
31s

gtg
val

ggc
Gly

o ol o
Phe

cce
Pro

acc agc
Ser

330

ttc aac ggc
Phe Asn Gly

gag
Glu

cce
Pro
365

tgg
Txp

gtg
val

gce
Ala

tac

Tyr
380

aac
Asn

agc
Ser

cag
Gln

aac
Asn

agc
Ser

Lys
395

cgc
Arg

acc
Thr

ccC CcC

gag
Glu

410

aac
Asn

tac gtg
Tyr Val

ctyg
Leu

acc
Thr
445

ccc
Pro

ctg
Leu

gtg
val

aag
Lys

gac agc
Asp Ser

aag
Lys

-38 -

PCT/EPO2/09789

©gc gac gtg
Arg Asp Val
255

tac ggc acc
Tyr Gly Thr
270

ctg
Leu

ttc gac
Phe Asp

tac

Tyr

tac

Tyx

ggc
Gly

agc acc

Ser

cgc
320

aac
ABn

tac

Tyr

ggc
Gly
335

gtg
val

gag
Glu
350

aag
Lys

tct
Ser

gtg
Val

gca
Ala

gac acc

Asp

cag
Gln

gtg
Val

gce
Ala
400

Gly

acc
Thr

gac
Asp
415

gag
Glu

atg ttc
Met

430

tgc
Cys

cac
His

tgg acec
Trp Thr

atc
Ile

acc cag
Thr Gln

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392



WO 03/018810

ctg
465
gca

Ala

ggc
Gly

aag
Lys

acc

tac

545

ttc

ctc

gac
Asp

<210>
<21l>
<212>
<213>

450

ccc ctg gtg aag
Pro Leu Val Lys

ggc ccc cge tte
Gly Pro Arg Phe
4B5

agc gcc gec ace
Ser Ala Ala Thr
500

tac cgc gce ogc
Tyr Arg Ala Arg
515

ctg agc ctg gac
Leu Ser Leu Asp
530

ttec gac aag acc
Phe Asp Lys Thr

aac
Asn

ctg gce age
Leu Ala Sex
565

cag
Gln

atc ggc gtg
Ile Gly val
580

atc gag ttc
Ile Glu Phe
585

aag
Lys

15
601
PRT

<220>

<221>
<222>
<223>

<400>

misc_feature

15

455

gcc tac

Ala Tyx
170

acc ggc
Thxr Gly

atc tac

Ile Tyr

atc cac
Ile His

g9g gcc
Gly Ala
535

atc aac
Ile Asn
550

ttc age
Phe Ser

acc ggc
Thr Gly

atc ccc
Tle Pra

Artificial Sequence

(1621) .. (1632)
Cathepsin G recognition site

aag ctc
Lys Leu

ggc gac
Gly Asp

gtg ace
Val Thr
505

tac gec

Tyr Ala
520

cce tte
Pro Phe

aag ggc
Bys_Gly

acc cct
Thr Pro

ctg age
Leu Ser
585

gtg aac
val Asn
600

Met Thr Ala Asp Asn Asn Thr Glu Ala

1

S

Asp Val Ile Gln Lys Gly Ile Ser Val

cag
Gln Ser

475

atc
Ile

atc
Ile
4950

cce gac
Pro Asp

acc
Thr

agc
Ser

aac caa
Asn Gln

gac acc
Asp Thr

555
ttc gag
Glu
570

age
Gly

gce
Ala

atc
Ile

tag

460

agc gtg
Ser val

gge gcc
Gly Ala

acc
Thr

cag tgc
Gln Cys

gag
Glu

495

tac

Tyr
510

gtg
val

age

Ser Ser

atc
Ile

cag
Gln
525

agc
Ser

tac gect gca
Tyr Ala Ala
540

ctg acc tac aac
Leu Thr Tyr Asn

ctg
Leu

agc ggc aac
Ser Gly Asn

575

gac aag gtg tac

Asp Lys Val Tyr
590

tga gctc

coding sequence

PCT/EPO2N9T8Y
gtg 1440
Val
480
aac 1488
Asn
cag 1536
Gln
ttc 1584
FPhe
ttc 1632
Phe
agc 1680
Ser
560
aac 1728
Asn
atc 1776
Ile

1816

Leu Asp Ser Ser Thr Thr Lys

10

15

Val Gly Asp Leu Leu Gly Val

-39.

§ ol
4\



WO 013/018810

20

Val Gly Phe Pro

35

Leu Asn Thr Ile

50

Gln val Glu Ala

65

Lys Ala Leu Ala

Val Ser Ala Leu
100

Pro Hia Ser Gln

115

His Phe Arg Asn

130

)

§

7

155

Gly Ser Ser Tyr

210

Met Thr Leu Thr

225

Val Arg Leu Tyr

Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala
Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr

Fhe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu

Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu

Ile Ala Glu Phe Tyr Lys Arg Gln Leu Lys Leu Thr Gln

Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys

PCT/EPO2ZAY7R9

FPhe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu

Leu Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn

80

Glu Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr

Ser Ser Trp Gln Lys Asn Pro Val Ser Ser Arg Asn

Glu Ser

Glu val

Phe Leu

160

Lys Glu
Glu Tyr
Leu Arg
Glu Ser Trp Val Asn Phe Asn Ary Tyr Arg Arg Glu

Val Leu Asp lLeu Ile Ala Leu Fhe Pro Leu Tyr Asp

240

Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val

Leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr

Thr Phe Ser Asn

275

Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp

Tyr Leu His Arg Ile Gln Phe His Thr Arg Fhe Gln Pro Gly Tyr Tyr

290

Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
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305

Pro

Lys

Tyr

Tyr

310

Ser Ile Gly Ser Asn
325

Ser Ser Glu Pro Val
340

Arg Ala Val Ala Asn
355

Ser Gly Val Thr Lys
370

Asp Glu Ala Ser Thr Gln

385

val

Pro

Leu

Lys

465

Ala

Thr

Tyr
545

Phe

Leu

Asp

380

Ser Trp Asp Ser Ile
405

Leu Glu Lys Gly Tyr
420

Met Gln Gly Ser Arg
435

Ser Val Asp Phe Phe
450

Pro Leu Val Lys Ala
470

Gly Pro Arg Phe Thr
485

Ser Ala Ala Thr Ile
500

Tyr Arg Ala Arg Ile
515

Leu Ser Leu Asp Gly
530

Phe Asp Lys Thr Ilg
55

Asn Leu Ala Ser Phe
565

Gln Ile Gly Val Thr
580

Lys Ile Glu Phe Ile

Asp Ile

Gln Asn

Thr Asn
360

val Glu
375

Thr Tyx
Asp Gln
Ser His
Gly Thr

440

Asn Met
455

Tyr Lys
Gly Gly
Tyr Val
His Tyr

520

Ala Pro
535

Asn Lys
Ser Thr

Gly Leu

Pro Val

Ile

345

Phe

Asp

Gln
425
Ile

Ile

Asp

Thr
505
Ala
Phe
Gly
Pro
Ser

585

Asn

315

Thr Ser Pro Phe
330

Glu Phe Asn Gly
Ala Val Trp Pro
365

Ser Gln Tyr Asn
380

Ser Lys Arg Asn
395

Pro Pro Glu Thr
410

Leu Asn Tyr Val
Pro Val Leu Thr
445

Asp Ser Lys Lys
460

Gln Ser Gly Ala
475

Ile Ile Gln Cys
480

Pro Asp Val Ser
Ser Thr Ser Gln
525

Asn Gln Tyr Ala
540

Asp Thr Leu Thr
555

Phe Glu Leu Ser
570

Ala Gly Asp Lys

-4] -

Tyr Gly
335

Glu Lys
350

Ser Ala
Asp Gln
Val Gly

Thr Asp
415

Met Cys
430

Trp Thr
Ile Thr
Ser Val

Thr Glu
495

Tyx Ser
510

Ile Thr
Ala Pro
Tyr Asn

Gly Asn
575

val Tyr
590

320

Asn

val

Val

Ala
400

Glu

His

Gln

Val

480

Gln

Phe

Ser
560

Asn

Ile

3

PCT/EP02/0978Y qo
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<210>
<211l>
<212>
<213>

<220>
<221>
222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<221>

<400>

595 600

16

1813

DNA

Artificial Sequence

Cos
(1)..(1812)

Maize optimized modified cry3A057 coding sequence.

misc_feature
(322} .. (333)
Cathepsin G recognition site

misc_feature
(1618) .. (1629)
Cathepsin G recognition site

16

atg acg gcc gac aac aac acc gag gec
Met Thr Ala Asp Asn Asn Thr Glu Ala

1

5

gac gtg atc cag aag ggc atc agc gtg
Asp Val Ile Gin Lys Gly Ile Ser Val

20 25

gtg ggc ttc ccc ttc ggec gge gec ctg
Val Gly Fhe Pro Phe Gly Gly Ala Leu

as 40

ctg aac acc atc tgqg ccc agc gag gac
Leu Asn Thr Ile Trp Pro Ser Glu Asp

50

55

cag gtg gag gcc ctg atg gac cag aag
Gln Val Glu Ala Leu Met Asp Gln Lys

65

70

aag gca ctg gcc gag cta cag ggc ctc
Lys Ala Leu Ala Glu Leu Gln Gly Leu

85

gtg agc gcc ctg agc age tgg cag aag
Val Ser Ala Leu Ser Ser Trp Gln Lys

100 105

cac agc cag ggc C©gc atc cgc gag ctg
His Ser Gln Gly Arg Ile Arg Glu Leu

115 120

coding sequence

coding sequence

ctg gac agc agc
Leu ASp Ser Ser
10

gtg ggc gac ctg
Val Gly Asp Leu

gtg agc ttc tac
Val Ser Phe Tyr
45

ccc tgg aag gco
Pro Trp Lys Ala
60

atc gcc gac tac

Ile Ala Asp Tyr
75

cag aac aac gtg
Gln Asn Asn Val

90
aac ccc gct gca
Asn Pro Ala Ala

ttc agec cag gece
Phe $Ser Gln Ala
128

-42-

acc
Thr

ctg
Leu
30

acc
Thr

tte
Phe

gce
Ala

gag
Glu

ccg
Pro
110

gag
Glu

acc

15

ggc
Gly

aac

atg
Mat

aag
Lys

gac
Asp
95

tte

agc
Ser

PCT/EPO2/M78Y

aag
Lys

gty
Val

ttc

gag
Glu

aac
Asn
80

tat

ccc

cac
His

144

192

240

288

336

384
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ttc
Phe

tte
145
aag

Lys

atc
Ile

gac
Asp

agc
Ser

acc

225

cgc

acc

ttc
Phe

ctg

aac
Asn
305

agc
Ser

agc

cge
Arg
130

ctg

gac
Asp

gce
Ala

cac
His

agc
Ser
210

ctg

ctg

gac
Asp

aqgc
Ser

cac
His
290

gac
Asp

atc
Ile

agc

aac
Asn

acc

gcc
Ala

gag
Glu

tgc
185

tac

Tyr

acc

tac

ccC

aac
Asn
275

cgc

agc
Ser

Gly

gag

agc atg ccc agc
Ser Met Pro Ser
135

acc tac gcc cag
Thr Tyr Ala Gln
150

caa atc tac gga
Gln Ile Tyr Gly
165

ttc tac aag cgc
Phe Tyr Lys Arg
180

gtg aag tgg tac
Val Lys Txrp Tyr

gag agc tgg gtg
Glu Ser Trp Val
215

gtg ctg gac ctg
Val Leu Asp Leu
230

ccc aag gag gtg
Pro Lys Glu Val
245

atc gtg ggc gtg
Ile val Gly val
260

atc gag aac tac
Ile Glu Asn Tyr

atc cag ttc cac
Ile Gln Phe His
295

ttc aac tac tgg

Phe Asn Tyr Trp
310

agc aac gac atc
Ser Asn Asp Ile
325

ccc gtg cag aac

ttc gee
Phe Ala

gce gec
Ala Ala

gag gag
Glu Glu

cag ctg
Gln Leu
185

aac gtg
Asn Val
200

aac tte
Asn Phe

atc gcc
Ile Ala

aag acc
Lys Thr

aac aac
Asn Asn
265

atc cgc
Ile Arg
280

acg cgt
Thr Arg

agc ggc
Ser Gly

atc ace
Ile Thr

ctt gag

ate
Ile

aac
Asn

tgg

170

Lys

ggt
Gly

aac
Asn

ctg

gag
Glu
250

ctg
Leu

aag
Lys

tte
Phe

aac
Asn

age
Ser
330

ttc

agc ggc tac gag gtg
Ser Gly Tyr Glu Val
140

acc cac ctg ttc ctg
Thr His Leu Phe Leu
155

ggc tac gag aag gag
Gly Tyr Glu Lys Glu
175

ctg acc cag gag tac
Leu Thr Gln Glu Tyr
190

cta gac aag ctc cgc

Leu Asp Lys Leu Arg
205

cgc tac cgc cgc gag
Ary 'I'y(:)' Arg Arg Glu
22

ttec cecc ctg tac gac
Fhe Pro Leu Tyr Asp
235

ctg acc cgc gac gtg
Leu Thr Arg Asp Val
255

cgc ggc tac ggc acc

Arg Gly Tyr Gly Thr
270

cce cac ctg tte gac
Pro His Leu Phe Asp
285

cag ccc ggc tac tac

Gln Pro Gly Tyr Tyr
300

tac gtg agc acc cgc
Tyr Val Ser Thr Arg
315

ccc ttc tac ggc aac

Pro Phe Tyr Gly Asn
335

aac ggc gag aag gtg

-43 -

PCT/EPO2/09789
ctg 432
Leu
ctg 480
Leu
160
gac 528
Asp
acc 576
Thr
ggc 624
Gly
atg 672
Met
gtg 720
Val
240
ctg 768
Leu
acc 816
Thr
tac 864
Tyr
ggc 912
Gly
cce 960
Pro
320
aag 1008
Lys
tac 1056

A
C\\
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Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys Val Tyxr

340 345 350
oge goc gtg gect aac acc aac ctg gocc gtg tgg cec tect geca gtg tac 1104
Arg Ala val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr
355 360 365
agc ggc gtg acc aag gtg gag ttc agc cag tac aac gac cag acc gac 1152
Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln Thr Asp
370 375 380

gag gcc agc acc cag acc tac gac agc aag cgc aac gtg ggc gcc gtg 1200

Glu Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val
385 390 395 400

agc tgg gac agc atc gac cag ctg ccc ©Cc¢ gag acc acc gac gag ccc 1248
Ser Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp Glu Pro
405 410 415

ctg gag aag ggc tac agc cac cag ctg aac tac gtg atg tgc ttc 1296

ctg
Leu Glu Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys Phe Leu
420 425 430

atg cag ggc agc ogc ggc acc atc ccc gtg ctg acc tgg acc cac 1344

aag

Met Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His Lys
435 440 445

agc gtc gac ttc ttc aac atg atc gac agc aag aag atc acc cag ctg 1392

Ser Val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr Gln Leu

450 455 460

ccc ctg gtg aag gce tac aag ctc cag age ggc gcc age gtg gtg 1440

gca
Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val Val Ala
465 470 475 480
ggc ccc oge tte acc ggc ggc gac atc atc cag tgce acc gag aac ggo 1488
Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu Asn Gly

485 490 495

agc gce gecc acc atc tac gtg acc ccc gac gtg age tac agc cag aag 1536
Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser Gln Lys
500 505 510

tac cgc gcc cge atc cac tac gcc agc acc agc cag ate ace tte acc 1584
Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr Phe Thr
515 520 525

ctg agc ctg gac ggg gcc ccc ttc aac caa tac gct gca ccg ttc tac 1632
Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Ala Ala Pro Phe Tyr
530 535 540

ttc gac aag acc atCc aac aag ggc gac acc ctg acc tac aac agc tte 1680

Phe Asp Lys Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe
545 550 555 560

-44 -
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PCT/EP02/0978Y

aac ctg gcc age ttc age acc cct ttc gag ctg agc ggc aac aac ctc
Agn Leu Ala Ser Phe Ser Thr Pro Phe

565

cag atc ggc gtg acc ggc ctg age gcoc
Gln Ile Gly val Thr Gly Leu Ser Ala

580 585

aag atc gag ttc atc ccec gtg aac tag
Lys Ile Glu Phe Ile Pro Val Asn

<210>
<211>
<212>
<213>

<220>
221>
<222>
<223>

<220>
<221>
222>
223>

<400>

595 600

17

600

PRT

Artificial Sequence

misc_feature
{322)..(333)
Cathepsin G recognition site

misc_feature
(1618} .. {1629)
Cathepsin G recognition site

17

Met Thr Ala Asp Asn Asn Thr Glu Ala

1

5

Asp Val Ile Gln Lys Gly Ile Ser Val

20 25

Val Gly Phe Pro Phe Gly Gly Ala Leu

35 . 40

Leu Asn Thr Ile Trp Pro Ser Glu Asp

50

55

Gln val Glu Ala Leu Met Asp Gln Lys

65

70

Lys Ala Leu Ala Glu Leu Gln Gly Leu

as

val Ser Ala Leu Ser Ser Trp Gln Lys

100 105

Glu Leu Ser Gly Asn Asn Leu
570 575

ggc gac aag gtg tac atc gac
Gly Asp Lys Val Tyr Ile Asp
590

atc tga gect c©
Ile Ala

coding sequence

coding sequence
Leu Asp Ser Ser Thr Thr Lys
10 15

Val Gly Asp Leu Leu Gly Val
30

Val Ser Phe Tyr Thr Asn Phe
45

Pro Trp Lys Ala Phe Met Glu
60

Ile Ala Asp Tyr Ala Lys Asn
15 80

Gln Asn Asn Val Glu Asp Tyr
S0 95

Asn Pro Ala Ala Pro Phe Pro
110

His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser Glrn Ala Glu Ser His

115 120

125

-45.

1728

1776

1813

0
c\l,
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PCT/EPO2/09789

FPhe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu Val Leu

130 135

140

Phe Leu Thr Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe Leu leu

145 150

155 160

Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp

165

Ile Ala Glu Phe Tyr Lys Arg
180

Asp His Cys Val Lys Trp Tyr
195

Ser Ser Tyr Glu Ser Trp Val
210 215

170 175

Gln Leu Lys Leu Thr Gln Glu Tyr Thr

190

Asn Val Gly Leu Asp Lys Leu Arg Gly

205

Asn Phe Asn Arg Tyr Arg Arg Glu Met

220

Thr Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr Asp Val

225 230

Arg Leu Tyxr Pro Lys Glu Val
245

Thr Asp Pro Ile Val Gly Val
260

Phe Ser Asn Ile Glu Asn Tyr
275

Leu His Arg Ile Gln Phe His
290 295

Asn Asp Ser Phe Asn Tyr Trp
305 310

Ser Ile Gly Ser Asn Asp Ile
325

235 240

Lys Thr Glu Leu Thr Arg Asp Val Leu

250 255

Asn Asn Leu Arg Gly Tyr Gly Thr Thr

270

Ile Arg Lys Pro His Leu Phe Asp Tyr

285

Thr Arg Phe Gln Pro Gly Tyr Tyr Gly

300

Ser Gly Asn Tyr Val Ser Thr Arg Pro

als 320

Ile Thr Ser Pro Phe Tyx Gly Asn Lys

330 335

Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr

340

Arg Ala Val Ala Asn Thr Asn
355

350

Leu Ala Val Trp Pro Ser Ala Val Tyr

365

Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln Thr Asp

370 375

380

Glu Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val

385 390

ass 400

Ser Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp Glu Pro

405

410 415

- 46 -
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Leu Glu Lys

Met Gln Gly

Ser Val
450

420

435

Asp Phe

Pro Leu Val Lys

465

Gly Pro Arg Phe

Ser Ala Ala Thr

500

Tyr Arg Ala Arg

515

Leu Ser Leu Asp

530

Phe Asp Lys Thr

545

Asn Leu Ala Ser

Gln Ile Gly Val

580

Lys Ile Glu Phe

<210>
<211l>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

595

1B
1819
DNA

425

Ser Arg Gly Thr Ile Pro Val

440

Phe Asn Met Ile Asp Ser
455

Ala Tyr Lys Leu Gln Ser
470

Thr Gly Gly Asp Ile Ile
485 490

Ile Tyr Val Thr Pro Asp
505

Ile His Tyr Ala Ser Thr
520

Gly Ala Pro Phe Asn Gln
535

Ile Asn Lys Gly Asp Thr
550

Phe Ser Thr Pro Phe Glu
565 570

Thr Gly Leu Ser Ala Gly
585

Ile Pro Val Asn
600

Artificial Sequence

cos

(1)..(1818)
Maize optimized modified cry3A056 coding sequence.

misc_feature
(322) .. (333)
Catthepsin G recognition site coding sequence.

misc_feature

PCT/EPO2/09789

Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys Phe Leu

430

Leu Thr Trp Thr His Lys
445

Lys Lys Ile Thr Gln Leu
460

Gly Ala Ser Val vVal Ala
475 480

Gln Cys Thr Giu Asn Gly
495

Val Ser Tyr Ser Gln Lys
510

Ser Gln Ile Thr Phe Thr
525

Tyr Ala Ala Pro Phe Tyr
540

Leu Thr Tyr Asn Ser Phe
555 560

Leu Ser Gly Asn Asn Leu
575

Asp Lys Val Tyr Ile Asp
590

-47.
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<222>
223>

<400>

18

(1624)..(1635)
Catthepsin G recognition

atg acg gcc gac aac aac acC gag

Met Thr Ala Asp Asn Asn

1l
gac gty
Asp Val

gtg
Val

ggce
Gly

aac
Asn
50

ctg
Leu

cag
Gln
65

gtg
val

gca
Ala

aag
Lys

gtg
Vval

agce
Ser

cce
Pro

aac
Asn

cac
His
130

agc
Sexr

gtg ctg
Val
145

ctg ctg

gag gac
Glu Asp

tac acc

Tyr Thr

5

atc
Ile

cag aag
GIn Lys
20

cee tte
Pro Phe

ttc
Phe
35

acc
Thr

atc tgg
Iie Trp

gag gce ctg
Glu Ala Leu

ctg
Leu

gcc gag
Ala Glu
85

gec
Ala

ctg agc
Leu Ser
100

cac
His
115

agc cag
Ser Gln

ttc cge aac

Arg Asn

ttc
Phe

ctg acc
Leu Thr

aag
Lys

gac gcc
Asp Ala
165

atc
Ile

gcc gag
Ala Glu
180

gac cac tgc
Asp His Cys

Thr Glu

atc agc
Ile Ser

ggc
Gly

ggc gec
Gly Ala
40

ggc
Gly

ccc agc gag
Pro Ser Glu
55

atg
Met
70

gac cag
Asp Gln

cta
Leu

cag ggc
Gln Gly

tgg cag
Trp Gln

agc
Ser

ggc cgc atc

Gly Arg Ile
120

agc atg ccc
Ser Met Pro
135

acc tac gee
Thr Tyr Ala
150

caa atc tac
Gln Ile Tyr

ttc tac aag
Phe Tyr Lys

gtg aag tgg
Val Lys Trp

-

PCT/EPO2/097RY

site coding sequence.

ctg
Leu
10

gce
Ala

gtg
Val

gatg
val
25

ctg gtg
val

cce
Pro

gac
Asp

atc

Lys Ile

ctc cag
Gln
90

aag aac

105

cgc gag

Glu

ttc
Phe

agc
Ser

cag
Gln

gcc
Ala

gga
Gly

gag
Glu

170

cgc cag

Arg Gln
185

tac aac

Tyr Asn

gac agc agc
AEp Ser Ser

ctg
Leu

aggc
Gly

gac
Asp

tac

Tyr
415

agc ttc
Ser Phe

gcc
Ala

tgg
TIp

aag
Lys
60

tac

Tyr

gcc
Ala
75

gac
Asp

aac
Asn

aac
Asn

gtg
val

gct gca
Ala Ala

o] of o
FPhe

ctg
Leu

agc
Ser
125

atc
Ile
140

agc
Sex

gcc
Ala

aac acc
Asn Thr

gcc
Ala
155

gag tgg ggc
Glu Trp Gly

ctg aag ctg
Leu Lys Leu

gtg ggt cta
Val Gly Leu

.48 -

acc

ctg
Leu
30

acc

tte
Phe

gcc
Ala

aag aac
80

gag gac tat
Glu Asp Tyr
95

tte cge
Phe Arg

ccg
Pro
110

cag gcc gag
Gln Ala Glu

ggc tac gag
Gly Tyr Glu

cac ctg ttc
His Leu Fhe
160

tac gag aag

Tyr Glu Lys
175

acc cag gag
Thr Gln Glu

190

gac aag ctc
Asp Lys Leu

48

96

144

192

240

288

36

a4

432

480

528

576

624
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cgc

gag
Glu
225

gac

gtg
Val

acc

gac
Asp

tac

Tyr
305

cgc

aac

gtg
Val

gtg
Val
acc
385

gce
Ala

195

ggc agce agce
Gly Ser Ser
210

atg acc ctg
Met Thr Leu

gtg cgc ctg
Val Arg Leu

ctg acc gac
Leu Thr Asp
260

acc ttc agc
Thr Phe Ser
275

tac ctg cac
Tyr Leu His
290

ggc aac gac
Gly Asn Asp

ccc agc atc
Pro Ser Ile

aag agc agc
Lys Ser Ser
340

tac cgc gce

Tyr Arg Ala
355

tac agc ggc
Tyr Ser Gly
370

gac gag gcc
Asp Glu Ala

gtg agc tgg
Val Ser Trp

tac

Tyr

acc

tac
245

cce
Pro

aac
Asn

cgc
Arg

agc
Ser

ggc
Gly
325

gag
Glu

gtg
Val

gtg
val

agc
Ser

gac

Asp
405

gag
Glu

qtg
Val
230

cCcC

atc
Ile

atc
Ile

atc
Ile

tte

310

agc
Ser

gct
Ala

ace
Thr

acc

200

agc tgg gtg
Ser Trp Val
215

ctg gac ctg
Leu Asp Leu

aag gag gtg
Lys Glu val

gtg ggc gtg
Val Gly Val
265

gag aac tac
Glu Asn Tyr
280

cag ttc cac
Gln Phe His
295

aac tac tgg

Asn Tyr Trp

aac gac atc
Asn Asp Ile

gtg cag aac
Val Gln Asn
345

8ac acc aac
Asn Thr Asn
360

aag gtg gag
Lys Val Glu
375

cag acc tac

aac
Asn

atc
Ile

aag
Lys
250

aac
Asn

atc
Ile

acg

agc
Ser

atc
Ile
330

ctt
Leu

ctg
Leu

tte
Phe

gac

ttc
Phe

gcc
Ala
235

acc

Thr

aac
Asn

cgc

cgt

ggc

aac
Asn
220

ctg
Leu

aag
Glu

aag
Lys

tte
Phe
300

aac

Gly Asn

315

ace

gag
Glu

gce
Ala

agc
Ser

agc

Thr Gln Thr Tyr Asp Ser

390

395

agc atc gac cag ctg ccc
Ser TIle Asp Gln Leu

410

Pro

-49 -

agc
Ser

tte
Phe

gtg
Val

cag
Gln
380

aag

Lys

ccc
Pro

205

PCT/EPO2/0978Y

cgc tac cgc cge
Arg Tyr Arg Arg

tte cco
Phe Pro

ctg acc
Leu Thr

cgc ggc
Arg Gly
270

ccec cac
Pro His
285

cag ccc
Gln Pro

tac gtg
Tyr Val

ccc tte

Asn Gly
350

tgg ccc
Trp Pro
365

tac aac

Tyr Asn

cge aac

Arg Asn

gag acc

ctg
Leu

cgc
Arg
255

tac

Tyr

ctg

ggc
Gly

agc
Ser

tac

Tyr
335

gag
Glu

tct
Ser

gac
Asp

gtg
val

acc

tac
Tyr
240
gac
Asp

ggc
Gly

ttc
Phe

tac

acc

320
ggc
Gly

aag
Lys

gca
Ala

cag
Gln

ggc
Gly
400

gac

Glu Thr Thr Asp

415

672

720

768

816

864

92

960

1008

1056

1104

1152

1200

1248
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gag ccc ctq gag aag ggc tac agc cac cag ctg aac tac gtg atg tgc 1296
Glu Pro Leu Glu Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cys
420 425 430

ttc ctg atg cag ggc age cgc gge acc atc ccc gtg ctg acc tgg acc 1344
Phe Leu Met Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr
415 440 445

cac aag agc gtc gac ttc ttc aac atg atc gac agc aag aag atc acc 1392
His Lys Ser Val Asp Fhe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr
450 455 460

cag ctg ccc ctg gtg aag gcc tac aag ctc cag agc ggc gce age gtg 1440
Gln Leu Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val
465 470 475 480

gtg gca ggc ccC cge ttc acc ggc ggc gac atc atc cag tgc acc gag 1488
Val Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu
485 490 495

aac ggc agc gcc gcc acc atc tac gtg acc cce gac gtg agc tac agce 1536
Asn Gly Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser
500 505 510

cag aag tac cgc gcc cgc atc cac tac gcc agc acc age cag atc acc 1584
Gln Lys Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr
515 520 525

ttec acc ctg agc ctg gac ggg gecc ccc ttc aac caa tac gct gca ccg 1632
Phe Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Ala Ala Pro
530 535 540

ttc tac ttc gac aag acc atc aac aag ggc gac acc ctg acc tac aac 1680
Phe Tyr Fhe Asp Lys Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn
545 550 555 560

agc ttc aac ctg gec age tte age ace cct tte gag ctg age ggc aac 1728
Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn
565 570 575

aac ctc cag atc ggc gtg acc ggc ctg agc gocc ggce gac aag gtg tac 1776
Asn Leu Gln Ile Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr

580 585 590
atc gac aag atc gag ttc atc ccc gtg aac tag atc tga gct ¢ 1819
Ile Asp Lys Ile Glu Phe Ile Pro Val Asn Ile Ala
595 600
<210> 19
<211> 602
<212> PRT

<213> Artificial Sequence

- 50 -
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<220>

<221> misc_feature

<222>

(322)..(333)

PCT/EPO2/09789

<223> Catthepsin G recognition site coding sequence.

<220>

<221> misc_feature

<222>

{(1624) ..(1635)

<223> Catthepsin G recognition site coding sequence.

<400> 19

Met Thr
1

Asp Val
Val Gly

Leu Asn
50

Gln val
65

Lys Ala
Val Ser
Asn Pro
Ser His

130

Val Leu
145

Leu Leu
Glu Asp

Tyr Thr

Arg Gly
210

Ala Asp Asn Asn Thr Glu Ala
5

Ile Gln Lys Gly Ile Ser Val
20 25

Phe Pro Phe Gly Gly Ala Leu
a5 40

Thr Ile Trp Pro Ser Glu Asp
55

Glu Ala Leu Met Asp Gln Lys
70

Leu Ala Glu Leu Gln Gly Leu
a5

Ala Leu Ser Ser Trp Gln Lys
100 105

His Ser Gln Gly Arg Ile Arg
115 120

Phe Arg Asn Ser Met Pro Ser
135

Fhe Leu Thr Thr Tyr Ala Gln
150

Lys Asp Ala Gln Ile Tyr Gly
165

Ile Ala Glu Phe Tyr Lys Arg
180 185

Asp His Cys Val Lys Trp Tyr
195 200

Ser Ser Tyr Glu Ser Trp Val
215

Leu Asp Ser Ser Thr Thr Lys
10 15

Val Gly Asp Leu Leu Gly val
30

Val Ser Phe Tyr Thr Asn Phe
.45

Pro Trp Lys Ala Phe Met Glu
60

Ile Ala Asp Tyx Ala Lys Asn
75 80

Gln Asn Asn Val Glu Asp Tyr
90 95

Asn Pro Ala Ala Pro Phe Arg
110

Glu Leu Phe Ser Gln Ala Glu
125

Phe Ala Ile Ser Gly Tyr Glu
140

Ala Ala Asn Thr His Leu Phe
155 160

Glu Glu Trp Gly Tyr Glu Lys
170 175

Gln Leu Lys Leu Thr Gln Glu
190

Asn Val Gly Leu Asp Lys Leu
205

Asn Phe Asn Arg Tyr Arg Arg
220

Glu Met Thr Leu Thr Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr

-51-
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225 230 235 240

Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255

Val leu Thr Asp Pro Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 265 270

Thr Thr Phe Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe
275 280 285

Agp Tyr Leu Hie Arg Ile Gln Phe His Thr Arg Phe Gln Pro Gly Tyr
2%0 295 300

Tyr Gly Asn Asp Sexr Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Arg Pro Ser Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly
3as 330 335

Asn Lys Ser Ser Glu Pro Val Gln Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 365

Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gln
370 375 380

Thxr Asp Glu Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 350 395 400

Ala val Ser Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp
405 410 415

Glu Pro Leu Glu Lys Gly Tyr Ser His Gln Leu Asn Tyr Val Met Cym
420 425 430

Fhe Leu Met Gln Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr
435 440 445

His Lys Ser Val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr
450 455 460

Gln Leu Pro Leu Val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser Val
465 470 475 480

Val Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu
485 490 495

Asn Gly Ser Ala Ala Thr Ile Tyr Val Thr Pro Asp Val Ser Tyr Ser
500 505 510

Gln Lys Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr

-52.
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518

520

525

PCT/EP02/09789

Phe Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gln Tyr Ala Ala Pro

530

535

540

Phe Tyr Phe Asp Lys Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn

545

550

560

Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn

565

570

575

Asn Leu Gln Ile Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr

580 585

Ile Asp Lys Ile Glu Phe Ile Pro Val Asn

<210>
<211>
<212>
<2l3>

<220>
<221>
<222>
<223>

<220>
221>
<222>
<223>

«220>
<221>
<222>
223>

<400>

595 600

20

1797

DNA

Artificial Sequence

cDs
(1)..(1791)

590

Maize optimized modified cry3A083 coding sequence.

misc_feature
(322)..(333)
Cathepsin G recognition site

misc_feature
(1612) .. (1623)
cathepsin G recognition site

20

atg acg gce gac aac aac acc gag gcc
Met Thr Ala Asp Asn Asn Thr Glu Ala

1

5

gac gtg atc cag aag ggc atc age gtg
Asp Val Ile Gln Lys Gly Ile Ser Val

20 25

gtg gge ttc ccc ttc ggc ggc goe ctg

35 40

ctg aac acc atc tgg ccc agc gag gac
Leu Asn Thr Ile Trp Pro Ser Glu Asp

50

55

coding sequence.

coding sequence

ctg gac agc agc acc
Leu Asp Ser Ser Thr

10

gtg ggc gac ctg ctg
Val Gly Asp Leu Leu

gtg agc ttc tac acc
Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr

ccc tgg aag gcc ttc
Pro Trp Lys Ala Phe

-53.

60

45

30

acc aag
Thr Lys
15

ggc gtg
Gly val

aac ttc
Asn Phe

atg gag
Met Glu

96

144

192

A
qc,
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cag gtg gag gcc
Gln val Glu Ala

65

aag gca ctq gcc
Lys Ala Leu Ala

gtg agc gcc ctg
val Ser Ala Leu
100

aac ccc cac agc
Asn Pro His Ser
115

agc cac ttc cge
Ser His Phe Arg
130

gtg ctg ttc ctg
Val Leu Phe Leu
145

ctg ctg aag gac
Leu Leu Lys Asp

gag gac atc gcc
Glu Asp Ile Ala
180

tac acc gac cac
Tyr Thr Asp His
185

cgc ggc agc agce
Arg Gly Ser Ser
210

gag atg acc ctg
Glu Met Thr Leu
225

gac gtg cgc ctg
Asp Val Arg Leu

gtg ctg acc gac
Val Leu Thr Asp
260

acc acc ttc age

ctg
Leu

gag
Glu
B85

agc
Ser

cag
Gln

aac
Asn

acc

gce
Ala
165

gag
Glu

tge
Cys

tac

TyT
acc
tac
245
cCcC

Pro

daac

PCT/EPOZITRY

atg gac cag aag atc gcc gac tac gcc aag aac
Met Asp Gln Lys Ile Ala Asp Tyr Ala Lys Asn
70 75 B8O

cta cag ggc ctc cag aac aac gtg gag gac tat
Leu Gln Gly Leu Gln Asn Asn Val Glu Asp Tyr
90 95

agc tgyg cag aag aac ccc gct gca ccg tte cge
Ser Trp Gln Lys Asn Pro Ala Ala Pro Phe Axg
105 110

ggc cgc atc ¢gc gag ctg ttc agc cag gcc gag
Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu
120 125

agc atg ccc age ttc gocc atc age ggc tac gag
Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu
135 140

acc tac gcc cag gcc goc aac acc cac ctg tte
Thr Tyr Ala Gln Ala Ala Asn Thr His Leu Phe
150 155 160

caa atc tac gga gag gag tgg ggc tac gag aag
Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
170 175

tte tac aag cgc cag ctg aag ctg acc cag gag
Fhe Tyr Lys Arg Gln Leu Lys Leu Thr Gln Glu
185 190

gtg aag tgg tac aac gtg ggt cta gac aag ctc
Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
200 205

gag agc tgg gtg aac ttc aac cgc tac cgc cgc
Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
215 220

gtg ctg gac ctg atc gcc ctg ttc ccc ctg tac
Val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr
230 235 240

ccc aag gag gtg aag acc gag ctg acc ©gc gac
Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
250 255

atc gtg ggc gtg aac aac ctg cgc ggc tac ggc
Ile Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
265 270

atc gag aac tac atc cgc aag cc¢ cac ctg tte

-54.

240

288

336

384

432

480

528

576

624

672

720

768

816

864
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Thr

gac
Asp

tac

Tyr
305

cgc
Arg

aac
Asn

gtg
val

gtg
val

acc
385
gcce

Ala

gag
Glu

tte

cac
His

cag
Gln
465

gtg
val

Thr Phe
275

tac ctg

Tyr Leu
290

ggc aac
Gly Asn

ccc age
Pro Ser

aag agc
Lys Ser

tac cgc

Tyr Arg
355

tac agc

Tyr Ser
370

gac gag
Asp Glu

gtg agc
val Ser

Ser Asn

Ile Glu

Asn Tyr Ile Arg Lys Pro His Leu Phe

280

cac cgc atc cag ttc cac
His Arg Ile Gln Phe His

gac agc
Asp Ser

atc ggc
Ile Gly
325

agc gag
Ser Glu
340

gcc gtg
Ala Val

ggc gty
Gly val

gce age
Ala Ser

tgg gac
Trp Asp
- 405

295

ttc aac
Phe Asn
310

agc aac
Ser Asn

cce gtg
Pro Val

gct aac
Ala Asn

acc aag
Thr Lys
375

acc cag
Thr Gln
390

agc ate
Ser Ile

ccc ctg gaq aag ggc tac
Pro Leu Glu Lys Gly Tyr

ctg atg
Leu Met
435

aag agc
Lys Ser
450

ctg ccc

gca qqc
Ala Gly

420

cag ggc
Gln Gly

gtc gac
Val Asp

ctg gtg
Leu Val

¢eec cge

Pro Arg
485

agc cgc
Ser Arg

ttc ttc
Phe Phe
455

aag gcc
Lys Ala
470

ttec acc
Phe Thr

tac tgg
Tyr Trp

gac atc
Agp Ile

cag aac
Gln Asn
345

acc aac

360

gtg gag
Val Glu

acc tac

gac cag
Asp Gln

agc cac
Ser His
425

ggc acc
Gly Thr
440

aac atg
Asn Met

tac aag
Tyr Lys

ggc ggc
Gly Gly

acy
Thr

agc
Ser

atc
Ile
330

ctt

ctg

ttc

gac
Asp

ctg

410

Gln

atc
Ile

atc
Ile

ctc
Leu

gac
Asp
490

gt
Arg

ggc
Gly
31s

acc

gag
Glu

gcec
Ala

age
Ser

agc
Ser
395

cCcc

ctg

cce

gac
Asp

cag
Gln
475

atc
Ile

-55-

ttc
300

aac
Asn

agce
Ser

ttc
Phe

gtg
val

cag
Gln
380

aag
Lys

ccC
Pro

aac

gtg
val

agc
Ser
460

agc

Ser

atc
Ile

285

cag ccc
Gln Pro

tac gtg
Tyr Val

cce tte
Pro FPhe

aac ggc
Asn Gly
350

tgg ccc

Trp Pro
365

tac aac

Tyr Asn

cgc aac
Arg Asn

gag acc
Glu Thr

tac gtg

Tyr Val
430

ctg acc
Leu Thr
445

aag aag
Lys Lys

ggc gce
Gly Ala

cag tgc
Gln Cys

ggc

tac

Gly Tyr

dagc
Ser

tac

Tyxr
335

gag
Glu

tct
Ser

gac
Asp

gtg
Val
ace
415
atg
Met

tag

atc
Ile

agc
Ser

acc
Thr
495

acc

320

ggc
Gly

aag
Lys

gca
Ala

cag
Gln

ggc
Gly
400

gac

tgc
Cys

acc

acc

gtg
Val
480

gag
Glu

PCT/EPU2/09789

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

2%
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aac ggc
Asn Gly

agc gcc gcce
Ser Ala Ala

acc
Thx

acc atc tac gtg
Thr Ile Tyr Val

cce gac gtg
Pro Asp Val

PCT/EP02/0Y78Y

agc tac agc
Ser Tyr Ser

1536

500 505 510

ace 1584

cag atc
Gln Ile

tac gcc

Tyr Ala

agc acc
Ser Thr

agc
Ser
525

tac

Tyr
515

gcc
Ala

cgc atc cac
Arg Ile His
520

cag aag
Gln Lys

cgc
Arg

tac ttc 1632

Tyr Phe

tte
Phe

gac
Asp

cece get
Pro Ala

gca ccg
Ala Pro
540

ctg
Leu

ttc acc
Phe Thr
530

ctg gac ggg gce
Asp Gly Ala

535

agc
Ser

ttc aac 1680

Phe Asn

tac aac

Tyxr Asn
555

ctg
Leu
560

acc
Thr

agc
Ser

ggc gac acc ctg
Gly Asp Thr Leu
550

atc
Ile

aac
Asn

aag
Lys

aag acc
Lys Thr
545

atc 1728

Ile

gqgc aac aac
Gly Asn Agn

ctc cag
Leu Gln
575

ttc
Phe

ctg
Leu

agc
Ser
570

acc cct ttc gag

gcc age
Pro Fhe Glu

Ala Ser

agc
Ser
565

atc 1776

Ile

gac aag
Asp Lys
590

aag gtg tac atc
Val Tyr Ille

acc
Thx

agc gcc ggc gac
Sexr Ala Gly Asp Lys
585

ggc ctg
Gly Leu
580

ggc gtg
Gly val

aactag 1797

atc
Ile

595

cce
Pro

gtg
Val

gag ttc
Glu Phe

21

597

PRT

Artificial Sequence

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

misc_feature

(322) .. (333)

Cathepein G recognition site coding sequence.
<220>
<221>
<222>
<223>

misc_feature

{1612)..{1623)

cathepsin G recognition site coding sequence

<400> 21

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thrx Lys
1 5 10 15

Asp Val Ile Gln Lys Gly Ile Ser Val

Val Gly Asp Leu Leu Gly Val
20 25 30

val Gly Fhe Pro Phe Gly Gly Ala Leu Val Ser Fhe Tyr Thr Asn Phe
s 40 45

-56-
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50

Gln Val Glu
65

Lys Ala Leu
Val Ser Ala
Asn Pro His

115

Ser His Phe
130

Val Leu Phe
145

Glu Asp Ile

Arg Gly Ser
210

Glu Met
225

Thr
Asp Val Arg
Thr
Phe

val Leu

Ile Trp

Ala Leu

Ala Glu
85

Leu Ser
100

Ser Gln

Arg Asn
Leu Thr

Asp Ala
165

Ala Glu
180

His Cys
Ser Tyr

Leu Thr

Leu Tyr
245

Asp Pro
260

Ser Asn
His Arg
ABp Ser

Ile Gly
325

Pro

Met

70

Ser

Gly

Ser

150

Gln

Val
Glu
Val
230
Pro
Ile

Ile

Ile

PCT/EPO209789

Ser Glu Asp Pro Trp Lys Ala Phe Met Glu

55

Asp Gln Lys Ile

Gln Gly Leu Gln
90

Trp G1ln Lys Asn
105

Arg Ile Arg Glu
120

Met Pro Ser Phe
135

Tyr Ala Gln Ala

Ile Tyr Gly Glu
170

Tyr Lys Arg Gln
185

Lys Trp Tyr Asn
200

Ser Trp Val Asn
215

leu Asp Leu Ile
Lys Glu Val Lys
250

val Gly Vval Asn
265

Ala Asp Tyr Ala Lys Asn

75

Asn

80

Asn Val Glu Asp Tyr

95

Pro Ala Ala Pro Phe Arg

110

Leu Phe Ser Gln Ala Glu

125

Ala Ile Ser Gly Tyr Glu

Ala
155

Glu

Asn Thr His Leu Phe

160

Trp Gly Tyr Glu Lys

175

Leu Lys Leu Thr Gln Glu

val

Phe

Ala
235

150

Gly Leu Asp Lys Leu

205

RAsn Arg Tyr Arg Arg

Leu Phe Pro Leu Tyr

240

Thr Glu Leu Thr Arg Asp

Asn

255

Leu Arg Gly Tyr Gly

270

Glu Asn Tyr Ile Arg Lys Pro His Leu Phe

280

285

Gln Phe His Thr Arg Phe Gln Pro Gly Tyr

295

Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr

310

315

320

Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly

330

-57-
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Asn Lys Ser Ser Glu
340

Val Tyr Arg Ala Val
358

Val Tyr Ser Gly Val
370

Thr Asp
ass

Glu Ala Ser

Ala Val Ser Trp Asp

405

Leu Glu Lys
420

Met Gln Gly
435
His

Lys Ser Val Asp

450
Gln Pro Leu Val
455
Ala

val Gly Pro Arg

485

Ser Ala Ala
S00

Tyr Arg Ala
515

Gly

Gln Lys

Leu Ser Leu
530

Lys Ile Asn Lys

545

Phe Ser Thr
565

Ser

Gly Val Thr Gly Leu

580

Ile Pro Val
595

Glu Phe

Pro Val Gln Asn Leu Glu Phe

345
Ala Asn Thr Asn Leu Ala Val
360

Ser Gln
380

Thr Lys Val Glu Phe
375

Ser
395

Thr Gln Thr Tyr Asp
390

Lys

Ser Ile Asp Gln Leu Pro Pro

410
Asn

Gly Tyr Ser His Gln Leu

425
val

Ser Arg Gly Thr Ile Pro

440

Ser
460

Phe Phe A&n Met Ile
455

Asp

Gln Ser

475

Lys Ala Tyr Lys Leu
470
Ile

Phe Thr Gly Gly Asp Ile

490

Pro

Thr Ile Tyr Val Thr Asp

505

Ser Thr

Arg Ile His Tyr Ala
520

Pro
540

Asp Gly Ala Pro Ala Ala
535

Gly Asp Thr Leu Thr
550

Tyx Asn
555

Pro Phe Glu Leu Ser Gly Asn
570

Ser Ala Gly Asp Lys Val Tyr
585

-58-

Asn Gly Glu
350

Trp Pro Ser
365

Tyr Asn Asp
Arg Asn Val
Glu Thr Thr

415

Tyr Val Met
430

Leu Thr Trp
445

Lys Lys Ile
Gly Ala Ser
Gln Cys Thr

495

Val Ser Tyrx
510

Ser Gln Ile
525

Pha Tyr Phe

Sexr Phe Asn

Asn Leu GIn
575

Ile Asp Lys
590

PCT/EPU2AMTSY

Lys

Ala

Gln

Gly

400

Cys

Thr

Thr

Val

480

Glu

Ser

Asp

560

Ile

Ile
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WO 1340168810

<210>
<21l1>
<212>
<213>

<220>
<221>
<222>
<223>

<400>

22

21

DNA

Artificial Sequence

misc_feature
(1) ..(21)
BamExtl Primer

22

ggatccacca tgacggcoga €

<210>
<21l>
<212>
<213>»

<220>
<221>
<222>
<223>
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Toxinas de Cry3A Modificadas y Secuencias de Acido Nucleico que las Codifican

La presente invencion se refiere al cam'po de Iz’n ma,nipulacién genética de
proteinas, a la biologia molecular de plantas y al control de plagas. Mas
particularmente, la presente invencidn se refiere a nuevas toxinas Cry3A
modificadas y a las secuencias de acido nucleico cuya expresion da como
resultado las toxinas Cry3A modificadas, y a los métodos para prepararias y a los
métodos de uso de las toxinas Cry3A modificadas y a las comespondientes
secuencias de acido nucleico para controlar insectos.

Las especies de gusanos de la raiz del maiz son considerados las plagas
del malz mas destructivas. En los Estados Unidos, las tres especies importantes
son Diabrotica virgifera virgifera, el gusano de l[a ralz del oeste; D. longicomis
barbeni, el gusano de la raiz del malz del norte y D. undecimpunctata howardi, el
gusano de la raiz del maiz del sur. Unicamente los gusanos de la raiz del malz del
oeste y del norte son considerados las plagas principales del maiz en el Cinturdn
del Malz de los Estados Unidos. Las larvas del gusano de la ralz del maiz
producen el dafio mas considerable en las plantas, debido a que se alimentan
casi exclusivamente de las raices del malz. Este dafo ha demostrado que
aumenta el debilitamiento de las plantas, reduce el rendimiento de los granos y el
rendimiento vegetativo, al mismo tiempo que altera el contenido de nutrientes del
grano. La alimentacién larval produce también efectos indirectos sobre el maiz al
abrir avenidas a través de las raices que fomentan las infecciones bacterianas y
fungales, lo cual conduce a enfermedades tales como el pudrimiento del tallo y de
la raiz. Los gusanos adultos de la raiz del maiz son activos en las postrimerias del
verano en los maizales, en los cuales se alimentan de mazorcas, flores y polen,
interfifendo con la polinizacién nomal.

Los gusanos de la raiz del maiz son controlados principalmente mediante

aplicaciones intensivas de pesticidas quimicos, que son activos a través de la



inhibicion del desarmolio del insecto, impidiendo que el insecto se alimente o
reproduzca, o ¢causandole la muerte. Por lo tanto, debe obtenerse un buen control
del gusano de la raiz del maiz, pero estos productos quimicos pueden algunas
veces afectar otros organismos que son beneficiosos. Otro problema resultante
del amplio uso de los pesticidas quimicos es la aparicibn de variedades
resistentes a los insectos. Otro problema se debe al hecho de que las larvas del
gusano de la raiz del maiz se alimentan subterraneamente, o cual hace dificil
aplicar tratamientos de rescate, con insecticidas. Por lo tanto, la mayoria de las
aplicaciones insecticidas se efectian profilacticamente en el momento de la
siembra. Esta practica da como resultado una gran carga ambiental. Esto se
alivia parciaimente mediante varias practicas de tratamiento en las fincas, pero
existe una creciente necesidad de encontrar mecanismos altemativos para el
control de plagas.

Agentes bioldgicos para el control de plagas, tales como las cepas de
Bacillus thuringiensis (Bt) que expresan toxinas pesticidas tales como la
endotoxina 8§, han sido aplicados también con resultados satisfactorios contra
plagas de insectos, principaimente lepidopteros. Las endotoxinas & son proteinas
mantenidas dentro de una matriz cristalina, las cuales se sabe que poseen
actividad insecticida cuando son digeridos por ciertos insectos. Las varias
endotoxinas 8 han sido clasificadas en base a su espectro de actividad y
homologia de secuencia. Antes de 1990, las principales clases se definieron por
su espectro de actividad con las proteinas Cry1 activas contra lepidopteros
(polillas y mariposas), proteinas Cry2 proteinas activas tanto contyra lepidépteros
como contra dipteros (moscas y mosquitos), protelnas Cry3 activas contra
coledpteros (escarabajos) y protelnas Cry4 activas contra dipteros (Hofte and
Whitely, 1989, Microbiol. Rev. 53:242-255). Recientemente, se ha desarrollado

una nueva nomenclatura que clasifica sistematicamente las proteinas Cry en base



a la homologia de la secuencia de aminoacidos en vez de basarse en fas
especificidades del insecto que constituye el objetivo (Crickmore ot al., 1998,
Microbiol, Molec. Biol. Rev. 62:807-813).

El espectro de la actividad insecticida de una endotoxina & individual de Bt
es bastante estrecho, ya que una determinada endotoxina 8 es activa Gnicamente
contra unas pocas especies dentro de un Orden. Por ejemplo, se sabe que la
proteina Cry3A es muy toxica para el escarabajo de la patata de Colorado,
Leptinotarsa decemlineata, pero tiene muy poca o ninguna toxicidad con
determinados escarabajos del género Diabrotica {Johnson et al., 1993, J. Econ.
Entomol. 86:330-333). De acuerdo con Slaney et a/ (1992, Insect Biochem. Molec.
Biol. 22:9-18), la protefna Cry3A es por lo menos 2000 veces menos tdxica para
las larvas del gusano de la ralz del maiz del sur que para el escarabajo de las
patatas de Colorado. También es conocido que el Cry3A tiene poca o ninguna
toxicidad para el gusano de la ralz del maiz del oeste.

La especificidad de las endotoxinas & es el resultado de la eficiencia de las
varias etapas que estan involucradas en la produccién de una proteina de toxina
activa y su subsiguiente interaccion con las células epiteliales en el mesenterdn
de los insectos. Para que sean insecticidas, la mayoria de las endotoxinas &
conocidas deben ser primero ingeridas por el insecto y activadas
protecliticamente para formar una toxina activa. La activacién de las protelnas
cristalinas insecticidas es un proceso de muitiples etapas. Después de la
ingestion, los cristales deben ser primero solubilizados en el intestino del insecto.
Una vez solubilizadas, las endotoxinas 8 son activadas por disociaciones
proteoliticas especificas. Las proteasas en el intestino del insecto pueden cumplir
una funcion en lo que se refiere a la especificidad, mediante la determinacién de
donde se procesa la endotoxina 8. Una vez solubilizada y procesada la

endotoxina &, se une con los receptores especlficos en la superficie del epitelio
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del mesenterdn de los insectos y subsiguientemente se integra en la bicapa de
lipidos de la membrana de borde velloso. Entonces se forman los canales idnicos
interrumpiendo la funcién normal del mesenteron y eventualmente Hevando el
insecto a la muerte.

En los lepidopteros, las proteasas intestinales procesan las endotoxinas &
de prototoxinas de 130-140 kDa a proteinas toxicas de aproximadamente 60-70
kDa. Se ha descrito que el procesamienio de la prototoxina a toxina se efectia
mediante la remocién tanto de los aminodcidos N-terminales como los C-
terminales, dependiendo la ubicacién exacta del procesamiento, de los fluidos
intestinales especificos del insecto involucrado (Ogiwara et al., 1992, J. Invert.
Pathol. 60:121-128). La activacion proteociltica de la endotoxina 8 puede acumplir
una funcién significativa en la determinacion de su especificidad. Por ejemplo, una
endotoxina & de Bt var. aizawa, denominada ICl, ha sido clasificada como una
protelna CrytAb en base a su homologia de secuencia con otras protelnas
Cry1Ab conocidas. Las proteinas Cry1Ab son tipicamente activas contra insectos
lepidopteros. Sin embargo, la proteina ICI tiene actividad contra insectos
lepidopteros y dipteros dependiendo de la forma en la que se procesa la proteina
(Haider et al., 1986, Euro. J. Biochem. 156:531-540). En el intestino de un diptero,
se obtiene una toxina IC| activa de 53 kDa, mientras que en el intestino de un
lepidéptero, se obtiene una toxina ICI activa de 55 kDa. La ICI difiere del holotipo
HD-1 de la proteina Cry1Ab unicamente por cuatro aminoécidos, de modo que los
cambios importantes en la region de union de! receptor no parecen contar para las
diferencias de actividad. Las diferentes disociaciones proteoliticas en los dos
intestinos de insectos diferentes, pemmiten posiblemente que las moléculas
activadas se plieguen de manera diferente, 10 cual expone diferentes regiones
capaces de unirse a diferentes receptores. Por lo tanto la especificidad, parece

residir en las proteasas del intestino de los diferentes insectos.



Los insectos coledpteros tienen intestinos que son mas neutros a los
acidos y las endotoxinas & especificas de coledpteros son similares al tamario de
las toxinas especificas de lepiddpteros activadas. Por lo tanto, el procesamiento
de las endotoxinas & especificas de coledpteros se considerd en principio
innecesario para la toxicidad. Sin embargo, datos recientes sugieren que las
endotoxinas § activas en coledpteros estadn solubilizadas y proteolizadas a
polipéptidos téxicos mas pequefios. La proteina de las endotoxinas 3 Cry3A de 73
kDa producida por B. thuringiensis var. tenebrionis es rapidamente procesada en
la bacteria del término N, perdiendo los residuos 49-57 durante o después de la
formacion de los cristales, para producir la forma de 67 kDa cominmente aislada
(Carroll et al, 1989, Biochem. J. 261:99-105). McPherson ef al, 1988
(Biotechnology 6:61-66) demostré también que el gen cry3A natural contiene dos
codones de iniciacion de transduccién funcionales en el mismo marco de lectura,
uno que cadifica para la protelna de 63 kDa y otro que codifica para la proteina de
67 kDa a partir de Met-1 y Met48 respectivamente, de la secuencia de
aminodcido deducida (Ver SEC ID NO: 2). Ambas protelnas pueden considerarse
entonces proteinas naturales Cry3A de longitud total. El tratamiento de la proteina
soluble, Cry 3A de 67 kDa con tripsina o bien con extracto de intestino de insecto,
da como resultado un producto de disociacion de 55 kDa con el Asn-159 de la
secuencia de aminoacido deducida en el t&érmino N. Se halld que este polipéptido
era tan tdxico para un insecto coledptero susceptible como la toxina Cry3A de 67
kDa (Carroll et al. Ibid). Por lo tanto, existe un sitio natural de reconocimiento de
tripsina entre Arg-158 y Asn-159 de la secuencia de aminoacido deducida de la
toxina natural Cry3A (SEC ID NO: 2). La Cry3A puede disociarse también con
quimotripsina, lo cual da como resultado tres polipéptidos de 49, 11 y 6 kDa. El
andlisis N-terminal de los componentes de 49 y 6 kDa mostrd que el primer

residuo aminoacido era Ser-162 y Tyr-588, respectivamente (Carroll et al., 1997 J.



Invert. Biol. 70:41-49). Por lo tanto, existen sitios de reconocimiento de
quimotripsina naturales en el Cry3A entre His-161 y Ser-162 y entre Tyr-587 y
Tyr-588 de la secuencia de aminoacido deducida (SEC ID NO: 2). El producto de
quimotripsina de 49 kDa parece ser méas soluble a un pH neutro que Ia proteina
de 67 kDa o el producto de tripsina de 55 kDa y retiene la actividad insecticida
completa contra los insectos susceptibles a Cry3A, al escarabajo de la patata de
Colorado, y al escarabajo de la mostaza (Phaedon cochlearige). Las proteasas
intestinales de insecto funcionan tipicamente para asistir al insecto en la
obtencién de los aminoacidos necesarios de la proteina de su dieta. Las
proteasas digestivas de los insectos, que se conocen mejor, son las serinas
proteasas que parecen ser las mas comunes (Englemann and Geraerts, 1980, J.
insect Physiol. 261:703-710), particularmente en las especies de lepidépteros. La
mayoria de las larvas y adultos de coledpteros, por ejemplo del escarabajo de la
patata de Colorado, tienen mesenterones ligeramente Acidos, y la cisteina
proteasa provee la actividad proteolitica principal (Wolfson and Mudock, 1990, J.
Chem. Ecol. 16.1089-1102). En forma més precisa, Thie y Houseman (1990,
Insect. Biochem. 20:313-318) identificaron y caracterizaron las cisteinas
proteasas, catepsina B y H, y la aspartil proteasa, catepsina D en el escarabajo de
la patata de Colorado. Gillikin et al. (1992, Arch. Insect Biochem. Physiol. 19:285-
298) caracterizé la actividad proteolitica en los intestinos de las larvas del gusano
de la ralz del malz del oeste y halld 15 proteasas, principaimente de cisteina.
Hasta que se dio a conocer en esta invencidn, ninguno de los informes habla
indicado que la serina proteasa, catepsina G, existe en el gusano de la raiz del
maiz del oeste. La diversidad y los diferentes niveles de actividad de las

proteasas intestinales de insectos pueden influenciar la sensibilidad de un insecto

a una toxina Bt particular.
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Muchas y nuevas cepas de Bt y endotoxinas & con actividades bioldgicas
nuevas y mejoradas han sido descritas en los ultimos cinco afios, incluyendo las
cepas que son activas contra los nematodos (EP 0517367A1). Sin embargo,
relativamente muy pocas de estas cepas y toxinas tienen actividad contra los
insectos coleépteros. Ademas, ninguna de las endotoxinas & activas en
coledpteros hasta el momento conocidas, por ejemplo, Cry3A, Cry3B, Cry3C,
Cry7A, Cry8A, Cry8B, y CryB8C, tienen suficiente toxicidad oral contra el gusano
de la raiz del malz para proveer un control de campo adecuado, si se liberan, por
ejemplo, a través de microbios o plantas transgénicas. Por lo tanto, es necesario
explorar ofras realizaciones para producir nuevas toxinas que puedan ser activas
contra el gusano de la raiz del maiz.

Al aumentar el conocimiento en lo que se refiere a la forma en que
funcionan las endotoxinas 5, se han incrementado los intentos de controlar las
endotoxinas 8 para nuevas actividades. La manipulacibn genética de las
endotoxinas & ha sido posible mediante la resolucibn de la estructura
tridimensional del Cry3A en 1991 (Li et al, 7991, Nature 353:815-821). La
proteina tiene tres dominios estructurales: el dominio | N-terminal de los residucs
1-280, que consiste en 7 hélices alfa, dominio 1|, de los residuos 291-500, que
contiene tres |aminas beta y el dominio C-terminal Ifl, de los residuos 501-644,
que es un sandwich beta. En base a esta estructura, se ha formulado la hipotesis
con respecto a la relacion de la estructuraffuncidn de las endotoxinas .
Generalmente se cree que el dominio | es principalmente responsable de la
formacién de los poros en la membrana intestinal del insecto (Gazit and Shai,
1993, Appl. Environ. Microbiol. 57:2816-2820), el dominio il es principaimente
responsable de la interaccion con el receptor intestinal (Ge et al., 1991, J. Biol.
Chem. 32:3429-3436) y el dominio Il muy probablemente esta involucrado en la
estabilidad de la protelna (Li et al., 1991, supra) y tiene también un impacto



regulador sobre la actividad del canal idnico (Chen et al., 1993, PNAS 90:9041-
9045).

Las endotoxinas & activas en lepidopteros, han sido genéticamente
manipuladas en un intento para mejorar la actividad especifica o para ampiiar el
espectro de la actividad especifica. Por ejemplo, el dominio de especificidad de la
polilla de la seda (Bémbix mori) de Cry1Aa fue transferido a Cry1Ac, impartiendo
de esta manera una nueva actividad insecticida a la proteina quimérica resultante
(Ge et al., 1983, PNAS 86:4037-4041). Asimismo, Bosch et a/, 1998 Patente
Norteamericana 5.736.131), cre6 una nueva toxina activa en lepidépteros
sustituyendo el dominio !ll de Cry1E con el dominio [ll de Cry1C, produciendo de
este modo una toxina hibrida Cry1E-Cry1C con un espectro de actividad mas
amplio en los lepidopteros.

Se ha informado sobre varios intentos para manipular genéticamente las
endotoxinas & en coledpteros. Van Rie et al. 1997, (Patente europea No.
5.659.123), el cual manipuld la Cry3A reemplazando al azar aminoacidos, creyd
que era importante en la accesibilidad al solvente, en el dominio |l con el
aminoacido alanina. Varios de estos reemplazos al azar confinados al dominio I
de unién al receptor, fueron repetidamente involucrados en la toxicidad
incrementada del gusano de la ralz del malz del oeste. Sin embargo, otros han
demostrado que algunos reempiazos de alanina en el dominio |l de Cry3A dieron
como resultado la interrupcion de la unidn del receptor o una inestabilidad
estructural {(Wu and Dean, 1996, J. Mol. Biol. 255: 628-640). English et al., 1999
(Intl. Pat. Appl. Publ. No. WO 89/31248) informaron que las sustituciones de
aminoacidos en Cry3Bb causaron aumentos de toxicidad en el gusano de la raiz
del malz del sur y del oeste. Sin embargo, de los 35 mutantes Cry3Bb informados,
unicamente tres, con mutaciones principalmente en el dominio Il y en la interfase

del dominio Il-dominio |, fueron activos contra el gusano de la raiz del malz del



oeste. Ademas, las diferencias de toxicidad de Cry3Bb de tipo salvaje contra el
gusano de la raiz del maiz del oeste en los mismos ensayos, fueron superiores a
cualquiera de las diferencias entre las toxinas Cry3Bb mutadas y las Cry3Bb de
tipo salvaje. Por lo tanto, las mejoras en la toxicidad de los mutantes Cry3Bb
parecen estar principaimente confinadas al gusano de la raiz del maiz del sur.

Sigue existiendo la necesidad de disefiar nuevos y eficaces agentes de
control para plagas que provean un beneficio econémico para los agricultores y
que sean ambientalmente aceptables. Particularmente se necesitan toxinas
Cry3A modificadas que controlen al gusano de la ralz del mailz del oeste, que es
la principal plaga del malz en los Estados Unidos, y que son o podrian convertirse
en resistentes a los agentes de control de inseclos existentes. Ademas, son
convenientes agentes cuya aplicacion minimice la carga ambiental, a través de
plantas transgénicas.

En vista de estas necesidades, es un objeto de la presente invencién
proveer nuevas secuencias de acido nucleico que codifiquen para toxinas Cry3A
modificadas, que tengan toxicidad incrementada para el gusano de la raiz del
maiz. Mediante la insercidn de un sitio de reconocimiento de la proteasa, que es
reconocido por una proteasa intestinal del insecto-objetivo en por lo menos una
posicién de una toxina Cry3A de acuerdo con la presente invencion, se disefi¢
una toxina Cry3A modificada que tiene significativamente mayor toxicidad,
particularmente para el gusano de la raiz del malz del oeste y del norte. La
invencion esta ademas dirigida a las nuevas toxinas Cry3A modificadas,
resultantes de la expresion de la secuencia de acido nucleico, y a las
composiciones y formulaciones que contienen las toxinas Cry3A modificadas, las
cuales son capaces de inhibir la capacidad de los insectos para sobrevivir, crecer
y reproducirse o son capaces de limitar el perjuicio relacionado con los insectos o

la pérdida de plantas de cultivo. La invencion estd ademas dirigida a un método
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para preparar las toxinas Cry3A modificadas y a los métodos de uso de la
secuencia de acido nucieico de Cry3A, por ejemplo en los microorganismos para
controlar insectos y plantas transgénicas, para conferir proteccion contra el
perjuicio causado por los insectos, y a un método para usar las toxinas Cry3A
modificadas, y 1as composiciones y formulaciones que comprenden las toxinas
Cry3A modificadas, por ejemplo, para aplicar las toxinas Cry3A modificadas o las
composiciones o formulaciones a las areas infestadas por insectos, o para tratar
profilacticamente las areas o plantas susceptibles a los insectos y conferirles
proteccion contra las plagas de insectos.

Las nuevas toxinas Cry3A modificadas aqui descritas son sumamente
activas contra los insectos. Por ejemplo, las toxinas Cry3A modificadas de la
presente invencidn, puede usarse para controlar plagas de insectos
econémicamente impaortantes tales como el gusano de la raiz del maiz del oests
(Diabrotica virgifera virgifera) y el gusano de la raiz del maiz del norte (D.
longicomnis barberi). Las toxinas Cry3A modificadas pueden usarse solas o en
combinacién con otras estrategias para controlar insectos con el fin de conferires
una maxima eficiencia para el control de plagas con un minimo impacto
ambiental.

De acuerdo con un aspecto, la presente invencidn provee una molécula de
acido nucleico aislada que comprende una secuencia nucleotidica que codifica
una toxina Cry3A modificada, donde la toxina Cry3A modificada comprende por lo
menos un sitio adicional de reconocimiento de proteasa que no se encuentra en
forma natural en una toxina Cry3A. El sitio de reconocimiento de proteasa
adicional, que es reconocido por una proteasa intestinal de un insecto objetivo, se
inserta aproximadamente en la misma posicidn que un sitio de reconocimiento de
proteasa natural, en la toxina Cry3A. La toxina Cry3A modificada causa una

mortalidad superior para un insecto objetivo que la mortalidad causada por una
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toxina Cry3A en el mismo insecto objetivo. Preferiblemente, la toxina Cry3A
modificada causa por lo menos aproximadamente 50% de mortalidad para un
insecto objetivo en el cual la toxina Cry3A causa Unicamente hasta
aproximadamente 30% de mortalidad.

En una realizacién de este aspecto, la proteasa intestinal de un insecto
objetivo se selecciona del grupo que consiste en las serina proteasas, las cisteina
proteasas y las proteasas asparticas. Preferiblemente, las serina proteasas de
acuerdo con esta realizacidn incluyen catepsina G, tripsina, quimotripsina,
carboxipeptidasa, endopeptidasa y elastasa, mas preferiblemente catepsina G.

En otra realizacidon de este aspecto, el sitic de reconocimiento adicional de
la proteasa se inserta o en el dominio | o bien en el dominio Il o en ambos
dominios, el dominio | y el 1l de las toxinas Cry3A.

Preferiblements, el sitio de reconocimiento de la proteasa adicional se
inserta en cualquiera de los dominio | o dominio lll o en ambos, el dominio | y el
dominio lil, en una posicién que reemplaza, que es adyacente, o que esta dentro
de un sitio de reconocimiento de proteasa natural.

En una realizacién mas, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio | entre los aminoacidos que corresponden a los aminoacidos
nimeros 154 y 162 de la SEC ID NO:2. Preferiblemente, el sitio de
reconocimiento de la proteasa adicional se inserta entre los nimeros de
aminoacidos 154 y 162 de la SEC ID NO. 2 o entre los nimeros de aminoacidos
107 y 115 de la SEC ID NO. 4,

En otra realizacién mas, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio Ili entre los aminoacidos que corresponden a los
aminoAcidos nimeros 154 y 160 de la SEC ID NO: 2. Preferiblemente, el sitio de
reconocimiento de proteasa adicional entre los aminoacidos nimero 154 y 160 de

la SEC ID NO: 2 o entre los aminoacidos nGmeros 107 y 113 de la SEC ID NO: 4.
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En una realizacién mas, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio | entre los aminoacidos niimeros 154 y 158 de la SEC ID
NO: 2. Preferiblemente, el sitio de reconocimiento de proteasa adicional se inserta
en el dominio | entre los aminodcidos nimero 154 y 158 de la SEC ID NO: 2 o
entre los aminoacidos nimero 107 y 111 de la SEC ID NO: 4.

En otra realizacion, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio Ili entre los aminoacidos que corresponden a los
aminoacidos nimeros 583 y 589 de la SEC ID NO: 2. Preferiblemente, el sitio de
proteasa adicional se inserta en el dominio lil entre los aminoacidos nimeros 583
y 589 de la SEC ID NO: 2, o entre los aminoacidos nimeros 536 y 542 de la SEC
1D NO: 4.

En ofra realizacidon mas, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio |l entre los aminoacidos que corresponden a los
aminoacidos nimeros 583 y 588 de la SEC ID NO: 2. Preferiblemente, e sitio de
proteasa adicional se inserta en el dominio |1l entre los aminoacidos nimeros 583
y 588 de la SEC ID NO: 2 o entre los aminoacidos nimeros 536 y 541 de la SEC
ID NO: 4.

En otra realizacion, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio Ill entre los aminoacidos que corresponden a los
aminoacidos numero 587 y 588 de la SEC |D NQ: 2. Preferiblemente, el sitio de
proteasa adicional se inserta en el dominio lll entre los aminoacidos nimeros 587
y 588 de la SEC ID NO: 2 o entre los aminoacidos nimero 540 y 541 de la SEC
ID NO: 4.

En ofra realizacion, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio | y en el dominio lll de las toxinas Cry3A no modificada.
Preferiblemente, el sitio de reconocimiento de proteasa adicional se inserta en el

dominio [, en una posicion que reemplaza o que es adyacente a un sitio de

\\v



-43-

reconocimiento de proteasa natural, y en el dominio lll en una posicidon que esta
dentro, que reemplaza, o que es adyacente a un sitio de reconocimiento de
proteasa natural.

En otra realizacion, el sitio de reconocimiento de proteasa adicional se
inserta en el dominio | o entre los aminoacidos que corresponden a los
aminoacidos nimero 154 y 160, y en el dominio Il entre los aminoacidos gue
corresponden a los aminoacidos nimeros 587 y 588 de la SEC ID NO: 2.
Preferiblemente, el sitio de reconocimiento de proteasa adicional se inserta en el
dominio | entre los aminoacidos nimeros 154 y 160 y en el dominio Ill entre los
aminodcidos nimeros 587 y 588 de fa SEC 1D NO: 2 o en ef dominio | entre ios
aminoacidos numeros 107 y 113 y en el dominio lll entre los aminoacidos
nimeros 540 y 541 de la SEC ID NO: 4.

En ofra realizacién, el sitio de reconocimiento de proteasa adicional esta
situado en el dominioc | entre los aminoacidos que comesponden a los
aminoacidos nimeros 154 y 158 y en el dominio Il entre los aminoacidos que
comresponden a los aminoéacidos niomeros 587 y 588 de la SEC ID NO: 2.
Preferiblemente, el sitio de reconocimiento de proteasa adicional se inserta en el
dominio | entre los aminoécidos nimeros 154 y 158 y en el dominio il entre los
aminoacidos nimeros 587 y 588 de la SEC ID NO: 2 o en el dominio |1 entre los
aminoacidos numeros 107 y 111 y en el dominio 1ll entre los aminoacidos
nameros 540 y 541 de la SEC ID NO: 4.

En otra realizacion, el sitio de reconocimiento de proteasa adicional esta
situado en el dominio | entre los aminoacidos que corresponden a los
aminoacidos numeros 154 y 158 y en el dominio lil entre los amino4cidos que
corresponden a los aminoacidos numeros 583 y 588 de la SEC ID NO: 2.
Preferiblemente, el sitio de reconocimiento de proteasa adicional se inserta en el

dominio | entre los aminoacidos nimeros 154 y 158 y en el dominio )|} entre los
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aminoacidos nimeros 583 y 588 de la SEC ID NO: 2 o en el dominio | entre los
amino4cidos nimeros 107 y 111 y en el dominio Ill entre los aminoacidos
nameros 536 y 541 de la SEC 1D NO: 4.

En una realizacién preferida, la molécula de acido nucleico aislada de ia
presente invencién comprende los nucledtidos 1-1791 de la SEC ID NO: 8, los
nucledtidos 1-1806 de la SEC ID NO: 8, los nucleétidos 1-1818 de la SEC ID NO:
10, los nucledtidos 1-1794 de la SEC ID NO: 12, los nucledtidos 1-1812 de la SEC
ID NO: 14, los nucledtidos 1-1812 de la SEC ID NO: 16, los nucledtidos 1-1818 de
la SEC ID NO: 18 o los nuclettidos 1-1791 de la SEC ID NO: 20.

En otra realizacién preferida, la molécula de &cido nucleico aislado de la
invencién codifica para la toxina Cry3A modificada que comprende la secuencia
de aminoacido establecida en las SEC ID NO: 7, SEC ID NO: 9, SEC ID NO: 11,
SEC ID NO: 13, SEC ID NO: 15, SECID NO:'17. SEC ID NO: 19, SEC ID NO: 21.

De acuerdo con una realizacidn de la invencién, la moiécula de acido
nucleico aislada codifica una toxina Cry3A modificada que es activa contra un
insecto coledptero. Preferiblemente, la toxina Cry3A modificada tiene actividad
contra el gusano de la raiz del maiz del oeste.

La presente invencion provee un gen quimeérico que comprende una
secuencia promotora heterdloga ligada operativamente a la molécula de acido
nucleico de la invencién, La presente invencién provee también un vector
recombinante que comprende dicho gen quimérico. Ademaés, la presente
invencidn provee una célula huésped no humana transgénica que comprende
dicho gen quimérico. Una célula huésped transgénica de acuerdo con aste
aspecto de la invencién puede ser una célula bacteriana o una célula de planta,
preferiblemente una célula de planta. La presente invencion provee ademas una
planta transgénica que comprende dicha célula de planta. Una planta transgénica

de acuerdo con este aspecto de la invencion puede ser sorgo, trigo, girasol,

I



-15-

tomate, patata, cultivos de coles, algoddn, arroz, soja, remolacha, cafia de azicar,
tabaco, cebada, colza de semilla oleosa o malz, preferiblemente, malz. La
presente invencion provee también semillas del grupo de las plantas transgénicas
que consisten en sorgo, trigo, girasol, tomate, patata, cultivo de coles, algodén,
arroz, soja, remolacha, cafia de azucar, tabaco, cebada, colza de semilla oleosa y
mafz. En una realizacion particularmente preferida, la semilla procede de una
planta de malz transgénica. En otro aspecto, la presente invencién provee toxinas
producidas mediante la expresion de las moléculas de acido nucleico de la
presente invencién. En una realizacién preferida, la toxina se produce mediante [a
expresion de la molécuia de acido nucleico que comprende [os nucledtidos 1-1791
de la SEC ID NO: 6, los nucleétidos 1-1806 de la SEC ID NO: 8, los nucledtidos 1-
1818 de la SEC ID NO: 10, los nucledtidos 1-1794 de la SEC ID NO: 12, los
nucledtidos 1-1812 de la SEC ID NO: 14, los nucledtidos 1-1812 de la SEC ID
NO: 16, los nucledtidos 1-1818 de la SEC ID NO: 18 o los nucledtidos 1-1791 de
la SEC ID NO: 20.

En otra realizaci6n, las toxinas de la invencion son activas contra insectos
coledpteros, preferiblemente contra el gusano de la ralz del maiz del oeste.

En otra realizacion, una toxina de la presente invenciébn comprende la
secuencia de aminoacidos establecida en las SEC 1D NO: 7, SEC ID NO: 9, SEC
ID NO: 11, SEC ID NO: 13, SEC ID NO: 15, SEC ID NO: 17, SEC ID NO: 19, SEC
iD NO: 21.

La presente invencidon provee también una composicion que comprende
una cantidad eficaz para el control de insectos, de una toxina de acuerdo con la
invencion.

En otro aspecto, la presente invencion provee un método para producir una
toxina que es activa contra insectos, que comprende: (a) obtener una célula

huésped. que comprende un gen quimérico, la cual comprende por si misma una
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secuencia promotora heterdloga ligada operativamente a la molécula de acido
nucleico de la invencién; y (b) expresar la molécula de acido nucleico en la célula
huésped transgénica, lo cual da como resultado por lo menos una toxina que es
activa contra insectos.

En otro aspecto, la presente invencién provee un método para producir una
planta transgénica resistente a los insectos, que comprende introducir una
molécula de acido nucleico de la invencidn, en la pianta transgénica, donde la
molécula de acido nucleico se expresa en la planta transgénica, en una cantidad
eficaz para controlar los insectos. En una realizacién preferida, los insactos son
insectos coledpteros, preferiblemente gusanos de la ralz del maiz del oeste.

En otro aspecto adicional, la presente invencién provee un método para
controlar insectos, que comprende liberar a los insectos una cantidad eficaz de
una toxina de la invencién. De acuerdo con una realizacién, los insectos son
insectos coledpteros, preferiblemente el gusano de la ralz del maiz del oeste.
Preferiblemente, la toxina es liberada a los insectos por via oral. En una
realizacion preferida, la toxina es liberada oraimente a través de una planta
transgénica que comprende una secuencia de acido nucleico que expresa una
toxina de la presente invencion.

Asimismo, se provee mediante la presente invencién un método para
preparar una toxina Cry3A modificada que comprende: (a) obtener un gen de
toxina cry3A que codifica una toxina Cry3A; (b) identificar una proteasa intestinal
de un insecto objetivo; (c) obtener una secuencia nucleotidica que codifica una
secuencia de reconocimiento para la proteasa intestinal; (d) insertar la secuencia
nucleotidifica de (c) en el dominio | o bien en el dominio lll o en ambos, el dominio
| y el dominio Ill, en una posicidn que reemplaza, que est4 dentro o que es
adyacente a una secuencia nucleotidica que codifica para un sitio de

reconocimiento de proteasa que ocurre en forma natural en un gen de una toxina
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cry3A creando de esta manera un gen de toxina ¢ry3A modificado; ( e) insertar el
gen de la toxina cry3A modificado en un cassette de expresion; (f} expresar el gen
de toxina Cry3A modificado en una célula huésped no humana, lo cual da como
resultado que la célula huésped produzca una toxina Cry3A modificada; v, (g)
bioensayar la toxina Cry3A modificada contra un insecto objetivo, mediante o cual
la toxina Cry3A modificada produce una mortalidad superior para el insecto
objetivo, que la mortalidad causada por una toxina Cry3A. En una realizacion
preferida, la toxina Cry3A modificada causa por lo menos aproximadamente un
50% de mortalidad para el insecto objetivo cuando la toxina Cry3A causa hasta
aproximadamente 30% de mortalidad. La presente invencién provee ademas un
método para controlar insectos en el cual la planta transgénica comprende
ademas, una segunda secuencia de acido nucleico o un grupo de secuencias de
acido nucleico que codifican un segundo principio pesticida. Segundas secuencias
de &cido nucleico particularmente preferidas son aquellas que codifican una
endotoxina &, aquellas que codifican una toxina de Protelna Insecticida
Vegetativa, descritas en las Patentes Norteamericanas N° 5.849.870 y 5.877.012,
que se incorporan aqui como referencia, o las que codifican una via para la
produccion de un principio pesticida no proteinaceo.

Un aspecto mas de la presente invencién es la provisidn de un método
para mutagenizar una molécula de acido nucleico de acuerdo con la presente
invencién, donde la molécula de acido nucleico ha sido disociada dentro de
poblaciones de fragmentos al azar de doble hélice, de un tamaiio deseado, que
comprende: (a) agregar a la poblacién de los fragmentos al azar de doble hélice,
uno o mas oligonucledtidos de un solo filamento o de doble hélice, donde los
oligonucledtidos comprenden cada uno un area de identidad y un &rea de
heterologla para un patréon polinucleétido de doble hélice; (b) desnaturalizar la

mezcla resultante de fragmentos y oligonucledtidos al azar de doble hélice en
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fragmentos de un solo filamento, (c) incubar la poblacién resultante de los
fragmentos de un solo filamento con polimerasa bajo condiciones que dan como
resultado el acoplamiento de los fragmentos de un solo filamento en las areas de
identidad para formar pares de fragmentos acoplados, siendo las areas de
identidad suficientes para que un miembro del par cebe la replicacién del otro,
formando de este modo un polinucledtido de doble hélice mutagenizado; y (d}
repetir Ia segunda y tercera etapas durante por lo menos dos ciclos mas, donde la
mezcla resultante en la segunda etapa de un ciclo adicional incluye el
polinucledtido de doble hélice mutagenizado de [a tercera etapa del ciclo previo, y
donde el ciclo adicional forma otro polinucleédtido de doble hélice mutagenizado.
Otros aspectos y ventajas de la presente invencion resultaran aparentes
para los expertos en la materia a partir de un estudio de la siguiente descripcién

de la invencion y de los ejemplos no limitativos.

SEC ID NO: 1 es la region codificadaora cry3A natural.

SEC ID NO: 2 es la secuencia de aminoacido de la toxina Cry3A codificada por el
gen cry3A natural.

SEC ID NO: 3 es la regidn codificadora ¢cry3A optimizada de maiz, que comienza
en el nucledtido 144 de la region codificadora de cry3A natural.

SEC ID NO: 4 es la secuencia de aminoacido de la toxina Cry3A codificada por el
gen cry3A optimizado del maiz.

SEC ID NO: 5 es la secuencia nucleotidica de pCIB6850.

SEC ID NO: 6 es la secuencia codificadora de cry3A054 modificada optimizada de

malz.

SEC ID NO: 7 es la secuencia de aminoacido codificada por la secuencia
nucleotidica de la SEC ID NO: 6.
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SEC ID NO: 8 es Ia secuencia codificadora cry3A055 modificada optimizada de
maiz.

SEC ID NO: 9 es la secuencia de aminoacido codificada por la secuencia
nuclectidica de la SEC ID NO: 8.

SEC ID NO: 10 es la secuencia codificadora cry3A085 modificada optimizada de
maiz.

SEC ID NO: 11 es la secuencia de aminoacido codificada por la secuencia
nucleotidica de la SEC ID NO: 10.

SEC ID NO: 12 es la secuencia codificadora cry3A082 modificada optimizada de
maiz.

SEC ID NO: 13 es la secuencia de aminoacido codificada por la secuencia
nucleotidica de la SEC ID NO: 12.

SEC ID NO: 14 es la secuencia codificadora cry3A058 modificada optimizada de

maiz.

SEC ID NO: 15 es la secuencia de aminoacido codificada por la secuencia
nucleotidica de la SEC ID NO: 14.

SEC ID NO: 16 es la secuencia codificadora cry3A057 modificada optimizada de
maiz.

SEC ID NO: 17 es la secuencia de aminoacido codificada por la secuencia
nucleotidica de la SEC 1D NO: 16.

SEC ID NO: 18 es la secuencia codificadora crydA056 maodificada optimizada de
maiz.

SEC ID NO: 19 es la secuencia de aminoacido codificada por la secuencia
nucleotidica de la SEC ID NO: 18.

SEC ID NO: 20 es la secuencia codificadora ¢ry3A083 modificada optimizada de

malz.
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SEC ID NO: 21 es la secuencia de aminoacido codificada por la secuencia
nucleotidica de la SEC 1D NO: 20.

SEC ID NOS: 22-34 son los cebadores de PCR (tiles en la presente invencion.
SEC 1D NO: 35: es una secuencia de aminoacido que comprende un sitio de
reconocimiento de la catepsina G.

SEC ID NO: 36: es una secuencia de aminoacido que comprende un sitio de
reconocimiento de Ja catepsina G.

SEC ID NO: 37: es una secuencia de aminoacido que comprende un sitio de
reconocimiento de la catepsina G.

SEC ID NO: 38: es una secuencia de aminoacido que comprende un sitio de
recanocimiento de la catepsina G.

Por razones de claridad, algunos términos usados en la memoria se
definen y presentan a continuacion: “Actividad” de las toxinas Cry3A modificadas
de la invencién significa que las toxinas Cry3A funcionan como agentes de control
de insectos oralmente activos, que tienen un efecto toxico, 0 que son capaces de
interrumpir o impedir la alimentacién del insecto, lo cual puede causar o no la
muerte del insecto. Cuando una toxina Cry3A modificada de la invencién es
liberada al insecto, el resultado es tipicamente la muerte del insecto, o el insecto
no se alimenta de la fuente que produce la toxina Cry3A modificada asequible
para el insecto.

“Adyacente a” — De acuerdo con ia presente invencidn, un sitio de
reconocimiento de proteasa es "adyacente a" un sitio de reconocimiento de
proteasa natural cuando el sitio de reconocimiento de proteasa adicional esta
dentro de cuatro residuos, preferiblemente dentro de tres residuos, mas
preferiblemente dentro de dos residuos, y ain mas preferiblemente dentro de un
residuo de un sitio de reconocimiento de proteasa que ocurre en forma natural.

Por ejemplo, un sitio de reconocimiento de proteasa adicional insertado entre Pro-
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154 y Arg-158 de la secuencia de aminoacido deducida de una toxina Cry3A
(SEC ID NO: 2), es "adyacente" al sitio de reconocimiento de tripsina natural
situado entre Arg-158 y Asn-159 de la secuencia de aminoacido deducida de la
toxina Cry3A (SEC ID NO: 2).

La frase “aproximadamente la misma posiciéon" tal como se usa aqul para
describir el lugar del sitio de reconocimiento de proteasa adicional en una toxina
Cry3A en relacién a un sitio de reconocimiento de proteasa natural, significa que
ol lugar esta a lo sumo cuatro residuos alejado de un sitio de reconocimiento de
proteasa natural. El lugar puede estar también tres o dos residuos alejado de un
sitio de reconocimiento de proteasa natural. El lugar puede estar también un
residuo alejado de un sitio de reconocimientc de proteasa natural.
“Aproximadamente la misma posicion” significa también que el sitio de
reconocimiento de proteasa adicional estad insertado dentro de un sitio de
reconocimiento de proteasa natural.

“Asociado con / ligado operativamente™ se refiere a dos secuencias de
acido nucleico que estan fisica o funcionalmente relacionadas. Por ejemplo, se
dice que un promotor o una secuencia de ADN reguladora esta "asociada con”
una secuencia de ADN que codifica para una proteina de ARN, si las dos
secuencias estan ligadas operativamente, o estan situadas de manera que la
secuencia reguladora de ADN afectard el nivel de expresion de la secuencia
codificadora o estructural de ADN .

Un “gen quimérico® o “construccién quimérica” es una secuencia de acido
nucleico recombinante en la cual una secuencia de acido nucleico promotora o
reguladora esta ligada operativamente o estd asociada con una secuencia de
acido nucleico que codifica para un ARNm o que se expresa como proteina, de
manera que la secuencia de acido nucleico reguladora sera capaz de regular la

transcripcion y expresion de la secuencia codificadora de acido nucleico asociada.
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La secuencia de 4&cido nucleico reguladora del gen quimérico no esta
normalmente ligada operativamente a la secuencia de acido nucleico asociada tal
como se encuentra en la naturaleza.

Una "secuencia codificadora” es una secuencia de acido nucleico que esta
transcripta en el ARN, tal como ARNm, ARNr, ARNt, ARNsn, ARN de sentido o
ARN de anti-sentido. Preferiblemente el ARN es luego traducido en un organismo
para producir una proteina.

“Controlar” insectos significa inhibir, a través de un efecto toxico, la
capacidad de las plagas de insectos para sobrevivir, crecer, alimentarse y/o
reproducirse, o para limitar e! dafio relacionado con los insectos o la pérdida de
plantas de cultivo. “Controlar” insectos puede significar o no la muerte de los
insectos, aunque preferibiemente significa la muerte de los insectos.

Correspondiente a: en el contexto de Ila presente invencidn,
“correspondiente a” significa que cuando la secuencias de aminoacidos de las
endotoxinas & Cry3A variables estan alineadas una con la otra, los aminoacidos
que “corresponden” a ciertas posiciones enumeradas en la presente invencidn,
son aquellos que se alinean con estas posiciones en la toxina Cry3A (SEC ID NO:;
2), pero que no estan necesariamente en estas posiciones numéricas exactas en
relacion a Ila secuencia de aminoacido cry3A particular de la invencion. Por
ejemplo, el gen cry3A optimizado de maiz (SEC ID NO:3) de la invencidn codifica
una toxina Cry3A (SEC 10 NO: 4) que comienza en Met48 de la toxina Cry3A
(SEC ID NO: 2) codificada por el gen cry3A natural (SEC ID NO: 1). Por lo tanto,
de acuerdo con la presente invencion, los nimeros de aminoacidos 107-115,
incluyendo todos los numeros comprendidos entre Ids mismos, y 536-541,
incluyendo todos los nimeros comprendidos entre los mismos, de la SEC 1D NO:

4 corresponden a los aminoacidos nimeros 154-163, y todos los nimeros entre
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los mismos y 583-588, y todos los numeros entre los mismos, respectivamente,
de la SEC ID NO: 2.

Una “toxina Cry3A", tal como se usa aqui, se refiere a una proteina activa
en coledpteros (Bt) de Bacillus thuringiensis var. tenebrionis de aproximadamente
73 kDa (Kreig ot al., 1983, Z. Angew. Entomol. 96:500-508) (Sekar et al., 1987,
Proc. Natl. Acad. Sci. 84:7036-7040), por ejemplo la SEC ID NO: 2, asi como
también cualquier variante truncada de menor peso molecular, derivable de una
toxina Cry3A, por ejemplo, la SEC ID NO: 4, y que retiene sustancialmente la
misma toxicidad que las toxinas Cry3A. Pueden obtenerse variantes de peso
molecular inferior mediante la disociacibn de proteasa en los sitios de
reconocimiento de proteasa natural de las toxinas Cry3A, o mediante un segundo
coddn de iniciacion de traduccion en el mismo marco que el coddn de iniciacién
de traduccion que codifica para la toxina Cry3A de 73 kDa. La secuencia de
aminoacido de una toxina Cry3A y sus variantes de peso molecular inferior,
pueden encontrarse en una toxina natural que ocurre en Bt. Una toxina Cry3A
puede estar codificada por un gen Bt natural tal como la SEC 1D NO: 1, o por una
secuencia codificadora sintética tal como la SEC ID NO: 3. Una “toxina Cry3A" no
tiene ningin sitio de reconocimiento de proteasa adicional sobre los sitios de
reconocimiento de proteasa que ocurren en forma natural en la toxina Cry3A. Una
toxina Cry3A puede ser aislada, purificada c expresada en un sistema heterdlogo.

Un “gen cry3A” tal como se usa aqul, se refiere a la secuencia nucleotidica
de la SEC ID NO: 1 6 SEC ID NO: 3. Un gen cry3A (Sekar of al., 1987, Proc. Natl.
Acad. Sci. 84:7036-7040) puede ser natural, tal como el que se encuentra en el
Bacillus thuringiensis var. tenebrionis (Kreig et al., 1983, Z. Angew. Entomol.
96:500-508), o puede ser sintético y codificar una toxina Cry3A. Ei gen cry3A de
esta invencion puede denominarse gen cry3A natural tal como en la SEC ID NO:

1, o gen cry3A optimizado de maiz tal como en la SEC ID NO: 3.
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“Liberar” una toxina significa que la toxina entra en contacto con un insecto,
lo cuaf da como resuitado un efecto tdxico y el control del insecto. La toxina puede
ser liberada en muchas formas conocidas, por ejemplo oralmente al ser ingerida
por el insecto, o por contacto con el insecto a través de la expresion de una planta
transgénica, composicién(es) de proteina formulada(s), composicién(es) de
protelna pulverizable(s), una matriz de cebo, o cualquier otro sistema de
liberacién de toxinas reconocido en el arte.

"Cantidad eficaz para el control de insectos” se refiere a la concentracién
de toxina que inhibe, a través de un efecto toxico, la capacidad de los insectos
para sobrevivir, crecer, alimentarse y/o reproducirse, o para limitar el dafio
relacionado con los insectos o la pérdida de plantas de cultivo. "Cantidad eficaz
para el control de insectos” puede o no significar la muerte de los insectos,
aunque preferiblemente significa la muerte de los insectos.

“Cassette de expresién” tal como se usa aqul se refiere a una secuencia de
4cido nucleico que es capaz de dirigir la expresién de una secuencia nucleotidica
particular en una célula huésped apropiada, que comprende un promotor ligado
operativamente a la secuencia nucleotidica de interés, la cual esta
operativamente ligada a las sefiales de terminacion. Asimismo, tipicamente,
comprende la traduccién adecuada de la secuencia nucleotidica. El casssite de
expresidn que comprende la secuencia nucleotidica de interés puede ser
quimérico, lo cual significa que por lo menos uno de sus componentes es
hetor6logo con respecto a por lo menos uno de sus otros componentes. El
cassette de expresion puede ser un cassette natural pero que ha sido obtenido en
una forma recombinante atil para la expresidon heterdloga. Tipicamente, sin
embargo, el cassette de expresidn es heterblogo con respecto al huésped, es
decir, la secuencia de acido nucleico particular del cassette de expresion no

ocurre en forma natural en la célula huésped y debe ser introducida dentro de la
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célula huésped o un ancestro de la célula huésped mediante un evento de
transformacién. La expresion de la secuencia nucleotidica en el cassette de
expresién puede estar bajo el control de un promotor constitutivo o de un
promotor inducible que inicia la transcripcion Unicamente cuando la célula
huésped es expuesta a algin estimulo externo particular. En el caso de un
organismo multicelular, tal como una planta, el promotor puede ser tambieén un
promotor especifico para un residuo u érgano en la etapa de desarrollo particular.

Un "gen" es una region definida que esta situada dentro de un genoma y
que, ademas de la secuencia de Acido nucleico codificadora antes mencionada,
comprende otras secuencias de acido nucleico, principalmente reguladoras, que
son responsables del control de la expresion, es decir, de la transcripciéon y
traduccién, de la porcidn codificadora. Un gen puede comprender también otras
secuencias no traducidas 5' y 3' y secuencias de terminacidn. Otros elementos
que pueden estar presentes son por ejemplo intrones.

“Gen de interés" se refiere a cualquier gen que, cuando es transferido a
una planta, confiere a la planta una caracteristica deseada tal como resistencia a
un antibiético, resistencia a un virus, resistencia a los insectos, resistencia a las
enfermedades, o resistencia a otras plagas, tolerancia a los herbicidas, mejor
valor nutricional, mejor rendimiento en un proceso industrial o capacidad
reproductora alterada. El “gen de interés" puede ser también un gen que es
transferido a plantas para la produccidn de enzimas o0 metabolitos comercialmente
valiosos en |a planta.

“Una proteasa intestinal” es una proteasa natural que se encuentra en el
tracto digestivo de un insecto. Esta proteasa estd usualmente involucrada en la
digestién de las protelnas ingeridas.

Una secuencia de &cido nucleico "heterdloga” es una secuencia de acido

nucleico que no esta naturaimente asociada con una célula hospedante dentro de
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la cual es introducida, incluyendo multiples copias que no ocurren en forma
natural, de una secuencia de acido nucleico que ocurre en forma natural.

Una secuencia de acido nucleico “homédloga®™ es una secuencia de acido
nucleico que estd naturalmente asociada con una célula hospedante dentro de la
cual es introducida.

“Recombinacion homéloga™ es el intercambio reciproco de fermentos de
acido nucleico entre moléculas de acido nucleico homdlogas.

“Insecticida” se define como una actividad bioldgica toxica que es capaz de
controlar insectos, preferiblemente matandolos.

Una secuencia de acido nucleico esta "isocodificada con” una secuencia de
acido nucleico de referencia cuando la secuencia de acido nucleico codifica un
polipéptido gue tiene la misma secuencia de aminoacido que el polipéptido
codificado por la secuencia de acido nucleico de referencia.

Una molécula de &cido nucleico "aislada® o una toxina aislada es una
molécula de acido nucleico o una toxina que, producida por la mano del hombre,
existe aparte de su ambiente natural y que por lo tanto no es un producto de la
naturaleza. Una molécula o toxina de acido nucleico aislada puede existir en una
forma purificada o puede existir en un ambiente no natural, tal como por ejemplo
una célula huésped recombinante,

Una “toxina Cry3A modificada” de esta invencién, se refiere a una toxina
derivada de Cry3A que tiene por lo menos un sitio de reconocimiento de proteasa
adicional que es reconocido por una proteasa intestinal de un insecto objetivo,
que no ocurre en forma natural en una toxina Cry3A. Una toxina Cry3A modificada
no es una toxina natural, y es producida por la mano del hombre y comprende una
secuencia de aminoacido que no es idéntica a la de una toxina natural que se

encuentra en el Bacillus thuringiensis. La toxina Cry3A modificada produce una
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mortalidad méas elevada en un insecto objetivo que la mortalidad causada por una
toxina Cry3A para el misma insecto objetivo.

Un "gen cry3A modificado” de acuerdo con esta invencion, se refiere a un
gen derivado de cry3A que comprends la secuencia codificadora de por o menos
un sitio de reconocimiento de proteasa adicional que no ocurre en forma natural
en un gen cry3A no modificado. E! gen cry3A modificado puede estar derivado de
un gen cry3A natural o de un gen ¢ry3A sintético.

Un “sitio de reconocimiento de proteasa natural® es un lugar en el cual se
disocia una toxina Cry3A mediante una proteasa que no deriva de insectos, o
mediante una proteasa o extracto intestinal de una especie de insecto que es
susceptible a la toxina Cry3A. Por ejemplo, un sitio de reconocimiento de una
proteasa natural, reconocido por tripsina y por proteasas que se encuentran en un
extracto intestinal de insecto susceptible, existe entre Arg-158 y Asn-159 de la
secuencia de aminodcido de la toxina Cry3A deducida (SEC ID NO: 2). Los sitios
de reconocimiento de proteasas naturales reconocidos por quimotripsina, existen
entre His-161 y Ser-162 asl como también entre Tyr-587 y Tyr-588 de la
secuencia de aminoacido de la toxina Cry3A deducida (SEC ID NO: 2).

Una "molécula de acido nucleico” o "secuencia de acido nucleico” es un
segmento lineal de un ARN o ADN de un solo flamento o de doble hélice, que
puede aislarse de cualquier fuente. En el contexto de la presente invencion, la
molécula de 4cido nucleico es preferiblemente un segmento de ADN.

Una “planta® es cualquier planta en cualquier etapa de desarrollo,
particularmente una ptanta de semilla.

Una “célula de planta” es una unidad estructural y fisiolégica de una planta,
que comprende un protoplasto y una pared celular. La célula de plantas puede

estar en forma de una sola célula aislada, 0 una céiula cultivada, o puede formar

14



-28-

parte de una unidad organizada, tal como por ejemplo, tejido de plantas, organo
de una planta o una planta entera.

“Cultivo de células de planta” significa cultivos de unidades de plantas,
tales como por ejemplo protoplastos, células de cultivo de células, células de
tejidos de plantas, polen, tubos de polen, 6vulos, bolsas embridnicas, cigotos y
embriones en varias etapas de desarrollo.

“Material de planta” se refiere a las hojas, tallos, raices, flores o partes de
flores, frutos, polen, células de dvulos, cigotos, semillas, cortes, cultivos de células
o de tejido o cualquier otra parte de un producto de una planta.

*Organo de una pianta” es una parte distintiva y visiblemente estructurada y
diferenciada de una planta, tal como una ralz, un tallo, una hoja, un brote de una
flar o un embrién.

“Tejido de planta” tal como se usa aqui significa un grupo de células de
plantas organizado en una unidad estructural y funcional. Se incluye cualquier
tejido de una planta in planta o de cultivo. Este tdmino incluye pero no esta
limitado a, plantas enteras, 6rganos de plantas, semillas de plantas, cultivos de
tejidos y cualquier grupo de células de plantas organizadas en unidades
estructurales y/o funcionales. El uso de este término conjuntamente o en ausencia
de cualquier tipo especlfico de tejido de pianta enumerado anteriommente o en otra
parte, abarcado por esta definicion, no pretende ser exclusivo de cualquier otro
tipo de tejido de planta.

Un “promotor” es una secuencia de ADN no traducida cadena arriba de la
region codificadora, que contiene el sitio de unién para la polimerasa de ARN y
que inicia la transcripcion del ADN. La regidn promotora puede incluir también
otros elementos que actian como reguiadores de la expresion génica.

Un "protoplasto” es una célula de planta aislada sin una pared celular o con

unicamente partes de la pared celular.
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“Elementos reguladores” se refiere a las secuencias que estan involucradas
en el control de la expresidn de una secuencia nuclectidica. Los elementos
reguladores comprenden un promotor ligado operativamente a la secuencia
nucleotidica de interés y sefiales de terminacién. Abarcan también tipicamente las
secuencias requeridas para una adecuada traduccibn de la secuencia
nucleotidica.

"Reemplaza” un sitio de reconocimiento de proteasa natural - De acuerdo
con la presente invencidn, un sitio de reconocimiento de proteasa adicional
“‘reemplaza” un sitio de reconocimiento de proteasa natural cuando Ia insercidn
del sitio de reconocimiento de proteasa adicional elimina el sitio de
reconocimiento de proteasa natural. Por ejemplo, un sitio de reconocimientc de
proteasa adicional insertado entre Pro-154 y Pro-160 de la secuencia de
aminoacido deducida de una toxina Cry3A (SEC ID NO: 2) que elimina los
residuos Arg-158 y Asn-159 “reemplaza” el sitio de reconocimiento de tripsina
natural situado entre Arg-158 y Asn-159 de la secuencia de aminoacido deducida
de la toxina Cry3A (SEC ID NO: 2).

"Serina proteasas” describe el mismo grupo de enzimas que catalizan la
hidrélisis de enlaces peptidicos covalentes usando un mecanismo basado en el
ataque nucleofilico del enlace peptidico que constituye el objetivo mediante una
serina. Las serina proteasas son especlificas de secuencia. Es decir, cada una de
las serina proteasas reconoce una sub-secuencia especifica dentro de una
proteina en la cual ocurre un reconocimiento enzimatico.

Un “insecto abjetivo™ es una especie de plaga de insectos que tiene poca o
ninguna susceptibilidad para las toxinas Cry3A y que se identifica como un
candidato para usar la tecnologia de la presente invencion como control. Este

control puede lograrse a través de varios medios, pero mas preferiblemente a
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través de la expresion de las moléculas de acido nucleico de la invencién en
plantas transgénicas.

Una "proteasa intestinal de insecto objetivo” es una proteasa que se
encuentra en el intestino de un insecto objetivo cuyo sitio de reconocimiento
puede insertarse en una toxina Cry3A para crear una toxina Cry3A modificada de
la invencion.

“Transformacién es un procedimiento para introducir un acido nucleico
heterdlogo dentro de una célula u organismo huésped. En particular,
“transformacién” significa la integracién estable de una molécula de ADN dentro
del genoma de un organismo de interés.

“Transformado / transgénico / recombinante” se refiere a un organismo
huésped tal como una bacteria 0 una planta dentro de la cual se ha introducido
una molécula de &cido nucleico heterdloga. La molécula de acido nucleico puede
estar establemente integrada dentro del genoma del huésped o puede estar
también presente en la molécula de &cido nucleico como molécula extra
cromosomal. Dicha molécula extracromosomal puede ser auto-replicante. Se
entiende que células, tejidos o plantas transformadas abarca no solamente el
producto final de un proceso de transformacién, sino que también abarca la
progenie del mismo. Un huésped “no transformado®, “no transgénico” o “no
recombinante” se refiere a un organismo de tipo salvaje, por ejemplo, una bacteria
o pianta, que no contiene la molécula de acido nucleico heterdloga.

“Dentro” de un sitio de reconocimiento de proteasa natural - De acuerdo
con la presente invencion, un sitio de reconocimiento de proteasa adicional esta
“dentro” de un sitio de reconocimiento de proteasa natural cuando el sitio de
reconocimiento de proteasa adicional esta entre el residuo de aminoacido que
viene antes y el residuo de aminoacido que viene después del sitio de

reconocimiento de la proteasa natural. Por ejemplo, un sitio de reconocimiento de
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proteasa adicional insertado entre Tyr-587 y Tyr-588 de la secuencia de
aminodcido deducida de una toxina Cry3A (SEC ID NO: 2) esta “dentro de un sitio
de reconocimiento de quimotripsina natural situado entre Tyr-587 y Tyr-588 de la
secuencia de aminoacido deducida de las toxinas Cry3A (SEC ID NO: 2). La
insercién de un sitio de reconocimiento de proteasa adicional dentro de un sitio de
reconocimiento de proteasa natural puede o no cambiar el reconocimiento del sitio
de reconocimiento de proteasa natural mediante una proteasa.

Los nucleotidos estan indicados por sus bases mediante las siguientes
abreviaturas convencionales: adenina (A), citosina (C), timina (T), y guanina (G).
Los aminoacidos estan asimismo indicados mediante las siguientes abreviaturas
convencionales: alanina (Afa; A), arginina (Arg; R), asparagina (Asn; N), acido
aspartico (Asp; D), cistelna (Cys; C), glutamina (Gin; Q), acido glutamico (Glu; E),
glicina (Gly; G), histidina (His; H), isoleucina (lle; 1), leucina (Leu; L), lisina (Lys;
K), metionina (Met; M), fenilalanina (Phe; F), prolina (Pro; P), serina (Ser; S),
treonina (Thr; T), triptofano (Trp; W), tirosina (Tyr; Y), y valina (Val; V).

Esta invencion se refiere a secuencias de acido nucleico ¢ry3A modificadas
cuya expresién da como resultado toxinas Cry3A modificadas, y a la preparacion
y uso de las toxinas cry3A modificadas para controlar plagas de insectos. La
expresidbn de las secuencias de acido nucleico cry3A modificadas da como
resultado toxinas Cry3A modificadas que pueden usarse para controlar insectos
coledpteros tales como el gusano de la ralz del malz del ceste y el gusano de la
ralz del maiz del norte. Una toxina Cry3A modificada de 1a presente invencion
comprende por lo menos un sitio de reconocimiento de proteasa adicional que no
ocurre naturaimente en una toxina Cry3A. El sitio de reconocimiento de proteasa
adicional que es reconocido por una proteasa intestinal de un insecto objetivo, se
inserta aproximadamente en la misma posicién que un sitio de reconocimiento de

proteasa natural en una toxina Cry3A. La toxina Cry3A modificada produce una
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mortalidad mas elevada en un insecto objetivo que |a mortalidad causada por una
toxina Cry3A para el mismo insecto objetivo. Preferiblemente la toxina Cry3A
modificada causa por lo menos aproximadamente un 50% de mortalidad en el
insecto objetivo en el cual una toxina Cry3A causa hasta aproximadamente un
30% de mortalidad.

En una realizacion preferida, la invencién abarca una molécula de acido
nucleico aislada que codifica una toxina Cry3A modificada, donde el sitio de
reconocimiento de proteasa adicional es reconocido por una proteasa intestinal de
insecto objetivo, la catepsina G. Se ha determinado que la actividad de la
catepsina G esta prasente en el intestino del insecto objetivo, el gusano de la raiz
del oeste, tal como se ha descrito en el Ejemplo 2. Preferiblemente, la secuencia
de amino4cido de sustrato AAPF (SEC |ID NO: 35) usada para determinar la
presencia de la actividad de la catepsina G, se inserta dentro de la toxina Cry3A
de acuerdo con la presente invencién. Otros sitios de reconocimiento de catepsina
G pueden usarse también de acuerdo con la presente invencién, por ejemplo,
AAPM (SEC ID NO: 36), AVPF (SEC ID NO: 37), PFLF (SEC ID NO: 38) u otros
sitios de reconocimiento de catepsina G de acuerdo con lo determinado por el
método de Tanaka et al., 1985 (Biochemistry 24: 2040-2047), que se incorpora
aqul como referencia. Pueden usarse otros sitios de reconocimiento de proteasa
de otras proteasas identificadas en un intestino de insecto objetivo, por ejemplo
los sitios de reconocimiento de proteasa reconocidos por otras serina proteasas,
cistelna proteasas, y proteasas asparticas. Las serina proteasas preferidas que
estan abarcadas en esta realizacion, incluyen tripsina, quimotripsina,
carboxipeptidasa, endopeptidasa y elastasa.

En otra realizacion preferida, la invencién abarca una molécula de acido
nucleico aislada que codifica una toxina Cry3A modificada donde el sitio de

reconocimiento de proteasa adicional estd insertado en el dominic | o en el
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dominio Il 0 en ambos, el dominio | y dominio Il de la toxina Cry3A.
Preferiblemente, el sitio de reconocimiento de la proteasa adicional se inserta en
el dominio | 6 dominio ill, o en el dominio | y dominio Il en una posicién que
reemplaza, que es adyacente o que esta dentro de un sitio de reconocimiento de
la proteasa natural en las toxinas Cry3A. Se ejemplifican aqui especificamente las
moléculas de &cido nucleico que codifican las toxinas Cry3A modificadas que
comprenden un sitio de reconocimiento de la catepsina G insertado en el dominio
| o dominio 1l o en el dominio | y dominio lll en una posicion que reemplaza, y que
es adyacente o que esta dentro de un sitio de reconocimiento de proteasa natural,
en las toxinas Cry3A no modificadas.

En el Ejemplo 3 pueden encontrarse las enseflanzas especificamente
ejemplificadas de los métodos para preparar moléculas de acido nucleico cry3A
que codifican toxinas Cry3A modificadas. Los expertos en la materia reconoceran
que pueden usarse también otros métodos conocidos en el arte para insertar
sitios de reconocimiento de proteasa adicionales, en las toxinas Cry3A de acuerdo
con la presente invencion. En otra realizacién preferida, la invencion abarca una
molécula de Acido nucleico aislada que codifica una toxina Cry3A modificada
donde el sitio de reconocimiento de proteasa adicional se inserta en el dominio |
entre los aminoacidos que corresponden a los aminoacidos nOmeros: 154 y 162
de la SEC ID NO: 2. Preferiblemente el sitio de reconocimiento de proteasa
adicional se inserta entre los aminoAcidos nimeros: 154 y 162 de la SEC 1D NO:
2 6 entre los aminoacidos numeros: 107 y 115 de la SEC ID NO: 4. En una
realizacion preferida, el sitio de reconocimiento de proteasa adicional se inserta
entre los amino4cidos que corresponden los amino&cidos nimeros: 154 y 160 de
la SEC ID NO: 2. Preferiblemente, el sitio de reconocimiento de proteasa adicional
se inserta entre los aminoacidos nameros: 154 y 160 de ia SEC ID NO: 2 o entre

los amino4cidos nimeros: 107 y 113 de la SEC ID NO: 4. Se ejemplifica aqul



especificamente, una molécula de acido nucleico, designada cry3A054 (SEC ID
NO: 6), que codifica Ia toxina Cry3A054 modificada (SEC ID NO: 7) que
comprende un sitio de reconocimiento de catepsina G insertado en el dominio |
entre los aminoacidos nimeros: 107 y 113 de la SEC ID NO: 4. El sitio de
reconocimiento de catepsina G reemplaza un sitic de reconocimiento de tripsina
natural que es adyacente a un sitio de reconocimiento de quimotripsina natural.
Cuando se expresa en un huésped heterblogo, la molécula de acido nucleico de
la SEC ID NO: 6 da como resultade una actividad para el control de insectos
contra el gusano de la raiz del malz del oeste y conira el gusano de la raiz del
maliz del norte, lo cual muestra que la secuencia de acido nucleico establecida en
la SEC ID NO: 6 es suficiente para dicha actividad para el control de insectos.

En otra realizacién preferida, el sitio de reconocimiento de proteasa
adicional se inserta en el dominio | entre los aminoacidos que comesponden a los
aminodacidos nimeros 154 y 158 de la SEC |D NO: 2. Preferiblemente, el sitio de
reconocimiento de proteasa adicional se inserta en el dominio | entre los
aminoacidos nimeros 154 y 158 de la SEC ID NO: 2 o entre los aminoacidos
nameros 107 y 111 de la SEC ID NO: 4. Se ejemplifican aqui especificamente las
moléculas de acido nucleico designadas cry3A055 (SEC ID NO: 8), que codifican
la toxina Cry3A055 modificada (SEC ID NO: 9) y cry3A085 (SEC ID NO: 10), que
codifica la toxina Cry3A085 (SEC ID NO: 11), que comprende un sitio de
reconocimiento de catepsina G insertado en el dominio | entre los aminoacidos
nameros 107 y 111 de la SEC ID NO: 4. El sitio de reconocimiento de la catepsina
G es adyacente a los sitios de reconocimiento de tripsina y quimotripsina
naturaies. Cuando se expresa en un huésped heterdlogo, la molécula de 4cido
nucleico de la SEC ID NO: 8 y de la SEC ID NO: 10 da como resultado una
actividad para el control de insectos contra el gusano de la ralz del maiz del oeste

y el gusano de la ralz del malz del norte, lo cual muestra la secuencia de acido
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nucleico establecida en la SEC ID NO: 8 o la SEC ID NO: 10 es suficiente para
dicha actividad para el control de insectos. En una realizacion preferida, la
invencion abarca una molécula de acido nucleico aislada que codifica una toxina
Cry3A modificada donde el sitio de reconocimiento de proteasa adicional se
inserta en el dominio !l entre los aminoacidos que corresponden a los
aminoéacidos nimeros 583 y 589 de la SEC 1D NO: 2. Preferiblemente e! sitio de
proteasa adicional se inserta en el dominio |l entre los aminoacidos niimeros 583
y 589 de la SEC ID NO: 2 o entre los aminoacidos nimeros 536 y 542 de la SEC
ID NO: 4.

En otra realizacién preferida, la invencién abarca una molécula de acido
nucleico aislada que codifica una toxina Cry3A modificada donde el sitio de
reconocimiento de proteasa adicional esta insertado en el dominio lll entre los
aminoacidos que corresponden a los aminoacidos nimeros 583 y 588 de la SEC
ID NO: 2. Preferiblemente, el sitio de proteasa adicional esta insertado en el
dominio Il entre los aminoacidos nimeros 583 y 588 de la SEC ID NO: 2 o entre
los aminoacidos nimeros 536 y 541 de la SEC ID NO: 4. Se ejemplifica
especlificamente aqul una molécula de acido nucleico designada cry3A082 (SEC
ID NO: 12) que codifica la toxina Cry3A082 modificada (SEC ID NO: 13) que
comprende un sitio de reconocimiento de catepsina G insertado en el dominio I
entre los aminoacidos nimeros 536 y 541 de la SEC 1D NO: 4. E| sitio de
reconocimiento de catepsina G reemplaza un sitio de reconocimiento de
quimotripsina natural. Cuando se expresa en un huésped heterdlogo, la molécula
de acido nucleico de la SEC ID NO: 12 da como resultado una actividad para el
control de insectos contra el gusano de la raiz del maiz del ceste y contra el
gusano de la ralz del maiz del norte, que muestra que la secuencia de acido

nucleico establecida en la SEC 1D NO: 12 es suficiente para dicha actividad de
control de insectos.
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En otra realizacién preferida, el sitio de reconocimiento de proteasa
adicional esta insertado en el dominio Ill entre los aminoacidos que corresponden
a los aminoacidos numeros 587 y 588 de la SEC ID NO: 2. Preferiblemente, el
sitio de proteasa adicional esta insertado en el dominio lll entre los aminoacidos
numeros 587 y 588 de la SEC ID NO: 2 o entre los aminoacidos nameros 540 y
541 de la SEC ID NO: 4. Se ejemplifica especificamente aqul una molécula de
acido nucleico designada cry3A058 (SEC ID NO: 14), que codifica una toxina
Cry3A058 modificada (SEC ID NO: 15), que comprende un sitio de
reconocimiento de catepsina G insertado en el dominio /Il entre los aminoacidos
numeros 540 y 541 de la SEC ID NO. 4. El sitio de reconocimiento de catepsina G
estd dentro de un sitio de reconocimiento de quimotripsina natural. Cuando se
expresa en un huésped heterdlogo, la molécula de acido nucleico de la SEC ID
NO: 14 da como resultado una actividad para el control de insectos contra el
gusano de la ralz del malz del oeste y contra el gusano de la raiz del maiz del
norte, que muestra que la secuencia de acido nucleico establecida en la SEC ID
NO: 14 es suficiente para dicha actividad para el control de insectos.

En una realizacién preferida, la invencién abarca una molécula de acido
nucleico aislada que codifica una toxina Cry3A modificada donde el sitio de
reconocimiento de proteasa adicional esta insertado en el dominio | entre los
aminoacidos que comesponden a los aminoacidos nimero 154 y 160 y en el
dominio Il entre los aminoacidos que corresponden a los aminoacidos nimeros
587 y 588 de la SEC ID NO: 2. Preferiblemente, el sitio de reconocimiento de
proteasa adicional esta insertado en el dominio | entre los aminoacidos nimeros
154 y 160 y en el dominio llI entre los aminoacidos nimeros 587 y 588 de la SEC
ID NO: 2 o en el dominio | entre los aminoacidos nimeros 107 y 113 y en el

dominio )] entre los aminoacidos nimeros 540 y 541 de la SEC ID NO: 4.
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Se ejemplifica especlificamente aqui una molécula de acido nucleico,
designada cry3A057 (SEC ID NO: 16), que codifica la toxina Cry3A057 modificada
(SEC ID NO: 17) que comprende un sitio de reconocimiento de catepsina G
insertado en el dominio | entre los aminoacidos nimeros 107 y 113 y en el
dominio Il entre los aminoacidos nimeros 540 y 541 de la SEC ID NO: 4. el sitio
de reconocimiento de catepsina G reemplaza un sitio de reconocimiento de
tripsina natural y es adyacente a un sitio de reconocimiento de quimotripsina
natural en el dominio | y estd dentro de un sitio de un reconocimiento de
quimotripsina natural en el dominio lll. Cuando se expresa en un huésped
heterdlogo, la molécula de acido nucleico de la SEC ID NO: 16 da como resultado
una actividad para el control de insectos contra el gusano de Ia raiz del malz del
oeste y conira el gusano de la raiz del maiz del norte, lo cual muestra que la
secuencia de acido nucleico establecida en la SEC ID NO: 16 es suficiente para
dicha actividad para e! control de insectos.

En otra realizacidn preferida, el sitio de reconocimiento de proteasa
adicional esta situado en el dominio | entre los aminoacidos que corresponden a
los aminoécidos nimeros 154 y 158 y en el dominio Il entre los aminoacidas que
corresponden a los aminoacidos nimeros 587 y 588 de la SEC ID NO: 2.
Preferiblemente el sitio de reconocimiento de proteasa adicional esta insertado en
el dominio | entre los aminoacidos nimeros 154 y 158 y en el dominio il entre los
aminoacidos nimeros 587 y 588 de la SEC ID NO: 2 o en el dominio | entre los
aminoacidos nameros 107 y 111 y en el dominio Ill entre los aminoacidos
numeros 540 y 541 de la SEC ID NO: 4. Ejemplificada en forma especifica aqui
esta la molécula de acido nucleico designada cry3A056 (SEC ID NO: 18), que
identifica la toxina Cry3A056 modificada (SEC 1D NO: 19) que comprende un sitio
de reconocimiento de catepsina G insertado en el dominio | entre los aminoacidos

numeros 107 y 111 y en el dominio lll entre los aminoacidos nimeros 540 y 541
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de la SEC [D NO: 4. El sitio de reconocimiento de la catepsina G es adyacente a
los sitios de reconocimiento de tripsina y quimotripsina naturales en el dominio | y
esta dentro del sitio de reconocimiento de quimotripsina natural en el dominio |1l
Cuando se expresa en un huésped heterélogo, la molécula de acido nucleico de
la SEC ID NO: 18 da como resultado una actividad para el control de insectos
contra el gusano de !a ralz del maiz del oeste y e! gusano de la ralz del maiz de!
norte, que muestra que la secuencia de acido nucleico establecida en la SEC ID
NO: 18 es suficiente para dicha actividad para el control de insectos. En otra
realizacidn preferida, el sitio de reconocimiento de proteasa adicional esta situado
en el dominio | entre los aminoacidos que corresponden a los aminoacidos
nimero 154 y 158 y en el dominio lll entre los aminoacidos que corresponden a
los aminoécidos nimeros 583 y 588 de la SEC ID NO: 2. Preferiblemente, el sitio
de reconocimiento de la proteasa adicional esta insertado en el dominio | entre los
aminoacidos nimeros 154 y 158 y en el dominio |l entre los aminoacidos
nimeros 583 y 588 de la SEC 1D NO: 2 o en el dominio | entre los aminoacidos
namero 107 y 111 y en el dominio 11l entre los aminoacidos nimeros 536 y 541 de
la SEC ID NO: 4. Esta ejemplificada especificamente aqui, una molécula de acido
nucleico, designada cry3A083 (SEC ID NO: 20), que codifica la toxina Cry3A083
modificada (SEC ID NO: 21) que comprende un sitio de reconocimiento de
catepsina G insertada en el dominio | entre los aminoacidos nomeros 107 y 111 y
en el dominio lil entre los aminoacidos nimeros 536 y 541 de la SEC ID NO: 4. El
sitio de reconocimiento de la catepsina G es adyacente a los sitios de
reconocimiento de tripsina y quimotripsina naturales en el dominio | y reemplaza
un sitio de reconocimiento de quimotripsina natural en el dominio Ill. Cuando se
expresa en un huésped heterdlogo, la molécula de acido nucleico de la SEC ID
NO: 20 da como resultado una actividad para el control de insectos contra el

gusano de ia raiz del maiz del oeste y el gusano de la raiz del maiz del norte, que
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muestra que la secuencia de acido nucleico establecida en la SEC ID NO: 20 es
suficiente para dicha actividad para el control de insectos. En una realizacién
preferida, la molécula de acido nucleico aislada de la presente invencidn
comprende los nucledtidos 1-1791 de Ia SEC ID NO: 6, los nucleétidos 1-1806 de
la SEC ID NO: 8, los nuclettidos 1-1818 de la SEC ID NO: 10, los nucledtidos 1-
1794 de la SEC ID NO: 12, los nucledtidos 1-1812 de la SEC ID NO: 14, los
nucledtidos 1-1812 de la SEC ID NO: 16, los nucledtidos 1-1791 de la SEC ID
NO: 18 o los nucieétidos 1-1818 de la SEC ID NO: 20.

En otra realizacion preferida, la invencidén abarca la molécula de acido
nucleico aislada que codifica una toxina Cry3A modificada que comprende la
secuencia de aminoacido establecida en las SEC ID NO: 7, SEC ID NO: 9, SEC
1D NO: 11, SEC ID NO: 13, SEC ID NO: 15, SEC ID NO: 17, SEC ID NO: 19, SEC
ID NO: 21.

La presente invencién abarca también los vectores recombinantes que
comprenden la secuencia de Acido nucleico de esta invencion. En dichos
vectores, las secuencias de acido nucleicos estan preferiblemente comprendidas
en los cassettes de expresidn que comprenden los elementos reguladores para la
expresidn de las secuencias nucleotidicas en una célula huésped capaz de
expresar las secuencias nucleotldicas. Dichos elementos reguladores
comprenden usualmente sefiales promotoras y de terminacién y preferiblemente
comprenden también elementos que permiten una eficiente traduccién de los
polipéptidos codificados por la secuencia de acido nucieico de la presente
invencion. Los vectores que comprenden las secuencias de Acido nucleico son
usualmente capaces de replicacion en las células huésped particulares,
preferiblemente, moléculas extracromosomales y por lo tanto se usan para
amplificar las secuencias de acido nucleico de esta invencién en las células

huésped. En una realizacion, las células huésped de dichos vectores son
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microorganismos, tales como bacterias, en particular, Bacillus thuringiensis o E.
coli. En otra realizacion, las células huésped para dichos vectores recombinantes
son endofitos o epifitos. Una célula huésped preferida para dichos vectores es
una célula eucaridtica tal como una célula de planta. Las células de plantas tales
como células de maiz son las células huésped preferidas. En otra realizacion
preferida, dichos vectores son vectores virales y se usan para la replicacion de las
secuencias nucleotidicas, en particular de células huésped, por ejemplo, células
de insectos o células de plantas. También se usan vectores recombinantes para
la transformacién de las secuencias nucleotidicas de esta invencion en células
huésped, mediante lo cual las secuencias nucleotidicas quedan integradas
establemente dentro del ADN de dichas células huésped. En una realizacion
dichas células huésped son células procaridticas. En una realizacion preferida,
dichas células huésped son células eucariéticas, tales como células de plantas.
En una realizacion ain mas preferida, las células huésped son células de planta
tales como células de malz. En otro aspecto, la presente invencion abarca toxinas
Cry3A modificadas producidas por la expresion de las moléculas de acido
nucleico de la presente invencion.

En realizaciones preferidas, las toxinas Cry3A modificadas de la invencién
comprenden un polipéptido codificado por una secuencia nucleotidica de la
invencidn. En una realizacidn mas preferida, la toxina Cry3A modificada se
produce mediante la expresion de la molécula de acido nucleico que comprende
los nucleétidos 1-1791 de la SEC ID NO: 8, los nucleétidos 1-1806 de la SEC ID
NQ: 8, los nucleédtidos 1-1812 de la SEC ID NO: 10, los nuclettidos 1-1794 de la
SEC ID NO: 12, los nucledtidos 1-1818 de la SEC ID NO: 14, los nucleédtidos 1-
1812 de la SEC ID NO: 16, los nucledtidos 1-1791 de la SEC ID NO: 18 o los
nucledtidos 1-1818 de la SEC ID NO: 20.
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En una realizaciéon preferida, una toxina Cry3A modificada de la presente
invencidn comprende la secuencia de aminoacido establecida en las SEC ID NO:
7. SEC ID NO: 9, SEC ID NO: 11, SEC ID NO: 13, SEC ID NO: 15, SEC ID NO:
17, SEC ID NO: 19, SEC ID NO: 21.

Las toxinas Cry3A modificadas de la presente invencion tienen actividad
para el control de insectos cuando son probadas contra plagas de insectos en
bioensayos. En otra realizacidén preferida, las toxinas Cry3A modificadas de la
invencidn son activas contra insectos coledpteros, preferiblemente contra el
gusano de la ralz del maiz del oeste y el gusano de la ralz del maiz dei norte. Las
propiedades controladoras de insectos de las toxinas Cry3A modificadas de Ia
invencion se ilustran adicionalmente en los sjemplos 4 y 6.

La presente invencién abarca también una composicién que comprende
una cantidad eficaz controladora de insectos de una toxina Cry3A modificada de
la invencidén. En otra realizacién preferida, la invenciébn abarca un método para
producir una toxina Cry3A modificada que es activa contra insectos, que
comprende (a) obtener una célula huésped que comprende un gen quimérico, el
cual comprende por si mismo una secuencia promotora heterdloga ligada
operativamente a la molécula de 4cido nucleico de la invencidn; y (b} que expresa
la molécula de acido nucleico en la célula huésped transgénica, lo cual da como
resultado por lo menos una toxina Cry3A modificada que es activa contra
insectos.

En otra realizacién preferida, la invencidn abarca un método para producir
una plania transgénica resistente a los insectos, que comprende introducir una
molécula de acido nucleico de !a invencidn en una planta transgénica, donde la
molécula de acido nucleico puede expresarse en la planta transgénica en una

cantidad eficaz para el control de insectos. En una realizacién preferida, los
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insectos son insectos coledpteros, preferiblemente gusano de la raiz del maiz del
oeste y gusano de la raiz del maiz del norte.

En otra realizacién preferida, la invencion abarca un método para controlar
insectos, que comprende liberar a los insectos una cantidad eficaz de una toxina
Cry3A modificada de la invencidon. De acuerdo con esta realizacién, los insectos
son insectos coledpteros, preferiblemente gusanos de la raiz del maiz del oceste y
gusanos de la raiz del maiz del norte. Preferiblemente la toxina Cry3A modificada
es liberada a los insectos por via oral. En un aspecto preferido la toxina es
liberada oralmente a través de una planta transgénica que comprende una
secuencia de acido nucleico que expresa una toxina Cry3A modificada de la
presente invencion.

La presente invencién abarca también un método para la preparacién de
una toxina Cry3A modificada que comprende: (a) obtener un gen de una toxina
cry3A, que codifica una toxina Cry3A; (b) identificar una proteasa intestinal de un
insecto objetivo, (c) obtener una secuencia nucleotidica que codifica un sitio de
reconocimiento para la proteasa intestinal; (d) insertar la secuencia nucleotidica
de (c) dentro del dominio | o del dominio lll, o en ambos, dominios el | y el lli, en
una posicion que reemplaza, que esta dentro, 0 que es adyacente a la secuencia
nucleotidica que codifica para un sitio de reconocimiento de proteasa natural en el
gen de la toxina cry3A, creando de esta manera un gen de una toxina cry3A,
modificada; (e ) insertar el gen de la toxina cry3A modificada en un cassette de
expresion; (f) expresar el gen de la toxina cryBA modificada en una célula
huésped no humana, lo cual da como resuitado una célula huésped que produce
una toxina Cry3A modificada; y (g) bioensayar la toxina Cry3A modificada contra
un insecto objetivo, lo cual produce una mortalidad mas elevada para el insecto
objetivo que la mortalidad causada por una toxina Cry3A. En una realizacién

preferida, la toxina Cry3A modificada causa por lo menos aproximadamente 50%



de mortalidad para un insecto objetivo, mientras que la toxina Cry3A causa hasta
aproximadamente 30% de mortalidad.

La presente invencién abarca ademads un método para controlar insectos
en el cual la planta transgénica comprende ademas una segunda secuencia de
acido nucleico o grupos de secuencias de acido nucleico que codifican un
segundo principio pesticida. Son segundas secuencias de acido nucleico
particularmente preferidas, aquelias que codifican una endotoxina 3, aquellas que
codifican una toxina de Proteina Insecticida Vegetativa, descritas en las Patentes
Norteamericanas N: 5.849.870 y 5.877.012, que se incorporan aqui como
referencia, o aquellas que codifican una via para la produccién de un principio no
proteindceo. En otras realizaciones las secuencias nucleotidicas de la invencidn
pueden modificarse adicionalmente mediante la incorporacién de mutaciones al
azar en una técnica que se conoce como recombinacion in vitro o entremezclado
de ADN. Esta técnica ha sido descrita en Stemmer ot al., Nature 370:389-391
(1994) y en la Patente Norteamericana N°® 5.609.793, que se incorpora aqut como
referencia. Se producen millones de copias mutantes de una secuencia
nuclectidica en base a una secuencia nucleotidica original de esta invencion y se
recuperan variantes con propiedades mejoradas tales como con actividad
insecticida incrementada, con estabilidad mejorada o con diferentes
aspecificidades o rangos de plagas de insectos objetivo. EI método abarca la
formacién de un polinucledtido mutagenizado de doble hélice a partir de un patrén
de polinucleétido de doble hélice que comprende una secuencia nucleotidica de
esta invencion, donde el patrdn de polinucledtido de doble hélice ha sido
disociado en fragmentos al azar de doble hélice de un tamano deseado, y que
comprende las etapas de agregar a la poblacion resultante de fragmentos al azar
de doble hélice uno o mas oligonucleétidos de doble hélice o de un solo flamento

donde dichos oligonucledtidos comprenden un area de identidad y un area de



heterologia para el polinucledtido de patron de doble hélice; desnaturalizar la
mezcla resultante de los fragmentos al azar de doble hélice y los oligonucledtidos
en fragmentos de un solo filamento; incubar la poblacion resultante de fragmentos
de un solo filamento con una polimerasa bajo condiciones que dan como
resultado el acoplamiento de dichos fragmentos de un solo filamento en dichas
dreas de identidad para formar pares de fragmentos acoplados, siendo dichas
areas de identidad suficientes para que uno de los miembros de un par cebe la
replicacién del otro, formando de este modo un polinucledtido de doble filamento
mutagenizado; y repetir la segunda y tercera etapas durante por lo menos dos
ciclos mas, donde la mezcla resultante en la segunda etapa de un ciclo adicional
incluye el polinucledtido mutagenizado de doble filamento a partir de la tercera
etapa del ciclo previo, y el ciclo adicional forma otro polinucleétido de doble
flamento mutagenizado. En una realizacion preferida, la concentracion de una
sola especie de fragmento al azar de doble filamento en la poblacion de
fragmentos al azar de doble filamento es inferiar al 1% en peso del ADN total. En
otra realizacion preferida, el patrén de polinucledtido de doble hélice comprende
por lo menos aproximadamente 100 especies de polinucledtidos. En otra
realizacion preferida, el tamafio de los fragmentos al azar de doble hélice es de
aproximadamente 5 pb hasta 5 kb. En otra realizacién preferida, la cuarta etapa

del método comprende repetir la segunda y tercera etapa durante por lo menos 10

ciclos.

Expresion de la Secuencia Nucleotidica en Huéspedes Microbianos Heterblogos
Como agentes biologicos para el control de insectos, las toxinas Cry3A

insecticidas modificadas, se producen mediante la expresién de las secuencias

nucleotidicas en células huésped heterdlogas que son capaces de expresar las

secuencias nucleotidicas. En una primera realizacién, se preparan céiulas de B.
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thuringiensis que comprenden modificaciones de una secuencia nucleotidica de
esta invencion. Dichas modificaciones abarcan mutaciones o deleciones del
elementos reguladores existentes, lo cual conduce a la expresion alterada de la
secuencia nucleotidica, o a la incorporacién de nuevos elementos reguladores
que controlan la expresién de la secuencia nucleotidica. En otra realizacién, se
agregan copias adicionales de una o méas secuencias nucleotidicas a las células
de B. thuringiensis mediante la insercion en el cromosoma o mediante la
introduccién de moléculas que se replican extracromosomalmente que contienen
las secuencias nuclectidicas.

En otra realizacidn, por lo menos una de las secuencias nucleotidicas de la
invencién se inserta dentro de un cassette de expresion apropiado, que
comprende una sefial promotora y de terminacién. La expresién de la secuencia
nucleotidica es constitutiva, o se usa un promotor inducible que responde a varios
tipos de estimulos para iniciar la transcripcién. En una realizacion preferida, la
célula en la cual se expresa la toxina es un microorganismo, tal como un virus,
una bacteria o un hongo. En una realizacion preferida, un virus, tal como un
baculovirus contiene una secuencia nucleotidica de la invencién en su gehoma y
expresa grandes cantidades de la correspondiente toxina insecticida después de
la infeccién de las células eucaridticas que son apropiadas para la replicacién del
virus y para la expresion de la secuencia nucleotidica. La toxina insecticida asi
producida se usa como agente insecticida. Alternativamente, los baculovirus
manipulados por ingenieria genética para que incluyan la secuencia nucleotidica,
se usan para infectar insectos in vivo y para matarlos, ya sea mediante la
expresion de la toxina insecticida o mediante una combinacién de una infeccién
viral y la expresién de la toxina insecticida.

La células bacterianas son también huéspedes para la expresién de la

secuencia nucleotidica de la invencion. En una realizacién preferida, se usan
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bacterias simbitticas no patégenas, que son capaces de vivir y replicarse entre
tejidos de plantas, denominadas endofitos, o bacterias simbidticas no patdgenas,
que son capaces de colonizar la filoesfera o la rizoesfera, denominados epifitos.
Dichas bacterias incluyen bacterias de los géneros Agrobacterium, Alcallgenes,
Azospirillumm, Azotobacter, Bacillus, Clavibacter, Enterobacter, Erwinia,
Flavobacter, Klebsiella, Pseudomonas, Rhizobium, Serratia, Streptomyces y
Xanthomonas. También son huéspedes posibles para la expresion de las
secuencias nucleotidicas de la invencién para el mismo propésito, hongos
simbidticos tales como Trichoderma y Gliocladium. Las técnicas para estas
manipulaciones genéticas son especificas para los diferentes huéspedes
disponibles y son conocidas en el arte. Por ejemplo, los vectores de expresion
pKK223-3 y pKK223-2 pueden usarse para expresar los genes heterélogos en E.
coli ya sea por fusién de transcripcion o de traduccion atras del promotor tac o trc.
Para la expresidn de los operones que codifican los ORFs miuiltiples, el
procedimiento mas simple consiste en insertar el operén dentro de un vector tal
como pKK223-3 en una fusién de transcripcién, lo cual permite usar el sitio de
union del ribosoma relacionado de los genes heterdlogos. Las técnicas para la
hiperexpresién en las especies gram-positivas, tales como Bacilius son también
conocidas en el arte y pueden usarse en el contexto de esta invencion (Quax et
al. In:Industrial Microorganisms:Basic and Applied Molecular Genetics, Eds. Baltz
et al., American Scociety por Microbiology, Washington (1993)). Los sistemas
alternativos para la hiperexpresion se basan por ejemplo en los vectores de
levadura e incluyen el uso de Pichia, Saccharomyces y Kiuyveromyces
(Sreekrishna, In:Industrial microorganisms:basic and applied molecular genetics,
Baltz, Hegeman, and Skatrud eds., American Society for Microbiology,
Washington (1993); Dequin & Barre, Biotechnology L2:173-177 (1994); van der
Berg ef al., Biotechnology 8:135-139 (1990)).

Mo



Transformacién de plantas

En una realizacion particularmente preferida, por lo menos una de las
toxinas Cry3A modificadas insecticidas de la invencidn se expresa en un
organismo superior por ejemplo, en una planta. En este caso, las plantas
transgénicas que expresan cantidades eficaces de las toxinas Cry3A modificadas
se protegen a si mismas de las plagas de insectos. Cuando el insecto comienza a
comer dicha planta transgénica, ingiere también las toxinas Cry3A modificadas
expresadas. Esto impide que el insecto siga mordiendo el tejido de la planta o
incluso que pueda dafiar o matar al insecto. Una secuencia nucleotidica de Ia
presente invencion se inserta dentro de un cassette de expresion, el cual es luego
integrado preferiblemente en forma estable en el genoma de dicha planta. En otra
realizacion preferida, la secuencia nucleotidica se incluye en un virus auto-
replicante no patdgeno. Las plantas transformadas de acuerdo con la presente
invencién pueden ser monocotiledéneas o dicotiledéneas e incluyen pero no estan
limitadas a, maiz, trigo, cebada, centeno, batata, frijoles, guisantes, achicoria,
lechuga, repollo, coliflor, brécoli, rabano, espinaca, espamago, cebolla, ajo,
pimiento, perejil, calabaza, zapallo, cafiamo, zucchini, manzana, pera, membrillo,
melén, ciruelo, cerezo, melocotdn, mandarina, albaricoque, frutilla, uva,
frambuesa, mora, pifia, palta, papaya, mango, banana, soja, tomate, sorgo, cafia
de azlicar, remolacha, girasol, colza, trébol, tabaco, zanahoria, algodén, alfalfa,
arroz, patata, berenjena, pepino, Arabidopsis, y plantas lefiosas tales como
coniferas y darboles de hojas caducas. Una vez transformada [a secuencia
nucleotidica deseada en una especie de planta particular, dicha planta puede
propagarse en esa especie o pasarse a otras variedades de la misma especie,
incluyendo en particular variedades comerciales, usando técnicas de cultivo
tradicionales. Una secuencia nucleotidica de esta invencidn se expresa

preferiblemente en plantas transgénicas, causando de esta manera la biosIntesis
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de la correspondiente toxina Cry3A modificada en las plantas transgénicas. De
esta manera, se generan plantas transgénicas con resistencia mejorada a los
insectos. Para su expresion en plantas transgénicas, las secuencias nucleotidicas
de la invencién pueden requerir otras modificaciones y la optimizacién. Aunque en
muchos casos los genes de organismos microbianos pueden expresarse en
plantas a niveles elevados sin modificacién, la baja expresion en las plantas
transgénicas, puede ser el resultado de secuencias nucleotidicas microbianas que
tienen codones que no son preferidos en las plantas. Es conocido en el arte que
todos los organismos tienen preferencia especifica para el uso de codones, y los
codones de las secuencias nucleotidicas descritos en esta invencién pueden
cambiarse para adaptarse a las preferencias de la planta, manteniendo al mismo
tiempo los aminoécidos codificados por los mismos. Ademas, se logra una mejor
expresion elevada en las plantas, a partir de las secuencias codificadoras que
tienen por lo menos aproximadamente un contenido de 35% de GC,
preferiblemente mas de aproximadamente 45%, mas preferiblemente mas de
aproximadamente el 50% y ain mas preferiblemente méas de aproximadamente el
60%. Las secuencias nucleotidicas microbianas que tienen bajos contenidos de
GC pueden expresarse muy pobremente en las plantas dehido a la existencia de
motivos ATTTA que pueden desestabilizar los mensajes, y motivos AATAAA que
pueden causar una poliadenilacién inapropiada. Aunque las secuencias génicas
preferidas pueden expresarse adecuadamente, tanto en las especies de plantas
monocotiledéneas como en las dicotiledéneas, las secuencias pueden modificarse
para tener en cuenta las preferencias de codones especificos y las preferencias
de contenido de GC de monocotiedones o dicotiledones ya que se ha
demostrado que estas preferencias difieren (Murray et al, Nucl. Acids. Res.
17:477-498 (1989)). Ademas, las secuencias nucleotidicas son rastreadas para

determinar la existencia de sitios de empalme ilegitimos que pueden causar el
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truncamiento del mensaje. Todos los cambios que son necesarios dentro de las
secuencias nucleotidicas tales como los descritos anteriormente, se efectan
usando técnicas bien conocidas de mutagénesis dirigida al sitio, PCR, y
construccion génica sintética usando los métodos descritos en las solicitudes de
patentes publicadas EP 0 385 962 (to Monsanto), EP 0 359 472 (to Lubrizol, y WO
93/07278 (de Ciba-Geigy).

En una realizaciéon de la invencidn, se prepara un gen cry3A de acuerdo
con el procedimiento descrito en la Patente Norteamericana N° 5.625.136, que se
incorpora aqui como referencia. En este procedimiento se usan codones
preferidos de malz, es decir, un coddn Gnico que muy frecuentemente codifica el
aminoécido en el maiz. El coddn preferido del maiz para un aminoacido particular
puede derivar por ejemplo de secuencias génicas conocidas del malz. El uso del
codon del malz para 28 genes de plantas de maiz se encuentra en Murray et al.,
Nucleic Acids Research 17:477- 498 (1989), cuya descripcion se incorpora aquil
como referencia. Una secuencia de sintesis preparada con codones optimizados
de malz se establece en la SEC ID NO: 3.

De esta manera, las secuencias nucleotidicas pueden optimizarse para la
expresién en cualquier planta. Se ha reconocido que todas o cualquier parte de la
secuencia génica puede ser optimizada o sintetizada. Es decir, pueden usarse
también secuencias sintéticas o parcialmente optimizadas.

Para una iniciacion de traduccidn eficiente, las secuencias adyacentes a la
metionina iniciadora pueden requerir modificacion. Por ejemplo, pueden
modificarse mediante la inclusién de secuencias que se sabe que son eficaces en
plantas. Joshi ha sugerido un concenso apropiado para plantas (NAR 15:6643-
6653 (1987)) y Clonetech sugiere un iniciador mas de traduccién de consenso
(1993/1994 catdlogo, pagina 210). Estos consensos son apropiados para ser

usados con las secuencias nucleotidicas de esta invencion. Las secuencias se
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incorporan en las construcciones que comprenden las secuencias nucleotidicas,
hasta e incluyendo el ATG (al mismo tiempo que deja al segundo aminoacido sin
modificar), o alternativamente hasta e incluyendo el GTC subsiguiente al ATG
(con la posibilidad de modificar el segundo aminoacido del transgen).

La expresion de la secuencias nucleotidicas en plantas transgénicas, es
dirigida por los promotores que funcionan en las plantas. La eleccién del promotor
variard dependiendo de los requisitos temporales y espaciales para la expresion,
y dependiendo también de la especie objetivo. Por lo tanto, se prefiere la
expresién de las secuencias nucleotldicas de esta invencién en las hojas, en los
tallos, o en los vastagos, en las mazorcas, en las inflorescencias (por ejemplo
espigas, paniculos, mazorcas de maiz, etc), en las ralces, y/o en las plantulas. En
muchos casos, sin embargo, se busca proteccién contra mas de un tipo de plaga
de insectos y por lo tanto es deseable la expresion en maltiples tejidos. Aunque
muchos promotores para dicotiledones han demostrado que son operacionales en
los monocotiledones y viceversa, idealmente los promotores dicotiledéneos se
seleccionan para la expresibn en los dicotiledones, y los promotores
monocotiledéneos para la expresion en los monocotiledones. Sin embargo, no
hay ninguna restriccion en cuando a la procedencia de los promotores
seleccionados; es suficiente que sean operacionales para dirigir la expresion de
las secuencias nucleotidicas en la célula deseada.

Los promotores preferidos que se expresan constitutivamente incluyen
promotores de genes que codifican actina o ubiquitina y los promotores caMV 35S
y 195. La secuencia nucleotidica de esta invencion puede expresarse también
bajo la regulacion de promotores que estan regulados quimicamente. Esto
permite que las toxinas de Cry3A insecticidas modificadas puedan ser
unicamente sintetizadas, cuando se tratan las plantas de cultivo con los productos

quimicos inductores. La tecnologia preferida para la induccion quimica de ia
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expresién génica se detalla en la solicitud publicada EP 0 332 104 (de Ciba
Geigy) y la Patente Norteamericana N 5.614.385. Un promotor preferido para la
induccion quimica es el promotor PR-1a del tabaco.

Una categoria de promotores preferida es la que es inducible por heridas.
Se han descrito numerosos promotores que se expresan en sitios con heridas y
también en sitios de infeccién con fitopatégenos. Idealmente, dicho promotor
deberia ser tinicamente activo localmente en los sitios de infeccidn, y de esta
manera las toxinas insecticidas Cry3A modificadas se acumularian Gnicamente en
células que necesitan sintetizar las toxinas Cry3A insecticidas modificadas para
matar a la plaga de insectos invasores. Los promotores de esta clase preferidos
incluyen los descritos por Stanford ef al., Mol. Gen. Genet. 215:200-208 (1989),
Xu et al., Plant Molec. Biol. 22:573-588 (1993), Logemann et a/. Plant Cell 1:151-
158 (1989), Rohmeier & Lehi, Plant. Molec. Biol. 22:783-792 (1993), Firek et al.
Plant Molec. Biol. 22:129-142 81993), y Wamer et al. Plant. J. 3:191-201 (1993).
Los promaotores especificos de tejidos o preferenciales de tejidos, que son Utiles
para la expresion de los genes de la toxina Cry3A modificada en plantas,
particularmente en el maiz, son aquellos que dirigen la expresién en las ralces,
médula, hoja o polen, particularmente en la rafz. Dichos promotores, los que son
aislados a partir de PEPC o trpA, han sido descritos en la Patente Norteamericana
N: 5.625.136, o MTL, descritos en la Patente Norteamericana N® 5.466.785.
Ambas patentes norteamericanas se incorporan aqui como referencia en su
totalidad.

Otras realizaciones preferidas son plantas transgénicas que expresan las
secuencias nucleotidicas en una manera inducible por herida o inducible por
infeccion de patoégenos.

Ademas de los promotores, estan también disponibles una variedad de

terminadores de transcripcion, para ser usados en la construccion de genes
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quiméricos, usando los genes de la toxina Cry3A modificados de la presente
invencidn. Los terminadores de transcripcion son responsabiles de [a terminacién
de transcripcidn mas alla del transgen y de su correcta poliadenilacién. Entre los
terminadores transcripcionales apropiados y aquellos que se sabe que funcionan
en plantas, se incluyen el terminador CaMV 358, el terminador tml, el terminador
de nopalina sintasa, el terminador rhcS ES de guisante y otros que son conocidos
en el arte. Estos pueden usarse tanto en los monocotiledones como en los
dicotiledones. Cualquier terminador disponible que se sabe que funciona en las
plantas puede ser utilizado en el contexto de esta invencion.

Pueden incorporarse numerosas ofras secuencias en los cassettes de
expresion descritos en esta invencién. Estos incluyen secuencias que han
demostrado que mejoran la expresion tal como secuencias de intrones (por
ejemplo de Adhl y bronzel) y secuencias lider virales (por ejemplo, de TMV,
MCMV y AMV).

Puede ser preferible dirigir la expresién de las secuencias nucleotidicas de
la presente invencidon a diferentes localizaciones celulares en la planta. En
algunos casos, la localizacidn en el citosol puede ser deseable, mientras que en
otros casos puede preferirse la localizacién en alguna organela sub-celular. La
localizacion sub-celular de las enzimas codificadas por transgenes, se lleva a
cabo usando técnicas bien conocidas en el arte. Tipicamente el ADN que codifica
al péptido objetivo de un producto génico conocido, que tiene como bianco a la
organela, es manipulado y fusionado cadena arriba de la secuencia nucleotidica.
Muchas de dichas secuencias objetivo son conocidas para el cloroplasto, y se ha
mostrado su funcionamiento en construcciones heterdlogas. La expresion de las
secuencias nucleotidicas de la presente invencion tiene también como blanco al
reticulo endoplasmico o a las vacuolas de las células huésped. Las técnicas para

lograr esto son bien conocidas en el arte.
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Los vectores que son apropiados para la transformacion de plantas se
describen en otra parte de esta memoria. Para las transformaciones
intermediadas por Agrobacterium, son apropiados vectores binarios o vectores
portadores de por lo menos una secuencia limite de T- ADN, mientras que para la
transferencia génica directa cualquier vector es apropiado, y puede preferirse el
ADN lineal que contiene Gnicamente la construccidn de interés. En el caso de
transferencia génica directa, puede usarse la transformacion con una sola espscie
de ADN, o la co-transformacién (Schocher et al., Biotechnology 4:1093-1096
(1986)). Para ambas, la transferencia génica directa y la transferencia
intermediada por Agrobacterium, la transformacién es usualmente (pero no
necesariamente) efectuada con un marcador seleccionable que puede proveer
resistencia a un antibidtico (kanamicina, higromicina, o metotrexato) o un
herbicida (basta). Los vectores de transformacién de plantas que comprenden los
genes de la toxina Cry3A maodificados de la presente invencién, pueden
comprender también genes (por ejemplo fosfomanosa isomerasa, PMI) que
proporcionan seleccion positiva de las plantas transgénicas tal como se describid
en las Patentes Norteamericanas 5.767.378 y 5.994.629, que se incorporan aqul
como referencia. La eleccion del marcador seleccionable no es sin embargo
critico para la invencién.

En otra realizacién, una secuencia nucleotidica de la presente invencion se
transforma directamente al genoma plastido. Una ventaja importante de la
transformacion del plastido es que los plastidos generalmente son capaces de
expresar genes bacterianos sin optimizacién sustancial del cod6n, y que los
plastidos son capaces de expresar multiples marcos de lectura abierta bajo el
control de un solo promotor. La tecnologlia de transformacion de plastidos, ha sido
extensamente descrita en las Patentes Norteamericanas N° 5.451.513, 5.545.817
y 5.545.818, en la solicitud PCT no. WO 95/16783. La técnica basica para la
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transformacién de cloroplastos involucra introducir regiones del ADN plastido
clonado que flanquea un marcador seleccionable conjuntamente con el gen de
interés en un tejido objetivo apropiado, por ejemplo usando biolistica o
transformacion de protoplastos (por ejemplo cloruro de calcio o transformacion
intermediada por PEG). Las regiones flanqueadoras de 1 a 1,5 kb, denominadas
secuencias para hacer blanco en el objetivo, facilitan la recombinacién homéloga
con el genoma plastido y permiten por lo tanto el reemplazo o modificacidén de las
regiones especlificas del plastoma. Inicialmente, las mutaciones puntuales en el
ARNr 16S y el cloroplasto, y los genes mps 12 que confieren resistencia a la
espectinomicina y/o a la estreptomicina se utilizan como marcadores
seleccionables para la transformacién (Svab, Z., Hajdukiewicz, P., and Maliga. P.
(1990) Proc. Natl. Acad. Sci. USA 87, 8526-8530; Staub, J.M. and Maliga, P.
(1992) Plant Cell 4, 39-45). Esto da como resultado transformantes
homoplasmicos estables, a una frecuencia de aproximadamente uno por cada
100 bombardeos de hojas-objetivo. La presencia de los sitios de clonacion entre
estos marcadores, permite la creacidn de un vector plastido objetivo, para la
introduccién de genes extrafos (Staub, J.M. and Maliga, P. (1993) EMBO J. 12,
601-606). Se obtienen aumentos sustanciales en la frecuencia de transformacién
mediante el reemplazo del ARNr recesivo o los genes de resistencia al antibittico
de proteina r, con un marcador dominante seleccionable, donde el gen aadA
bacteriano codifica la enzima cletoxificadora de espectomicina aminoglicosido-3'-
adeniltransferasa (Svab, Z., y Maliga, P. (1993) Proc. Natl. Acad. Sci. USA 90,
913-917). Previamente, este marcador habia sido exitosamente usado para la
transformacién de alta frecuencia del genoma plastido de las algas verdes
Chlamydomonas reinhardtii (Goldschmidt-Clermont, M. (1991) Nucl. Acids. Res.
19:4083-4089). Otros marcadores seleccionables Gtiles para la tranformacion de

plastidos son conocidos en el arte y estan abarcados dentro del alcance de la
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invencidn. Tipicamente, se requieren aproximadamente 15-20 ciclos de divisidn
celular a continuacibn de la transformacién para alcanzar un estado
homoplastidico. La expresion del plastido, en el cual se insertan los genes
mediante recombinacién homoldga dentro de todas las varias miles de copias del
genoma plastido circular, presente en cada célula de planta, aprovecha la enorme
ventaja de la cantidad de copias con respecto a los genes expresados en forma
nuclear, para permitir niveles de expresién que exceden facilmente el 10% de la
protelna total de planta. En una realizacién preferida, una secuencia nucleotidica
de la presente invencién se inserta en un vector para el objetivo plastido y se
transforma en el genoma plastido de un huésped de planta deseado. Se obtienen
plantas homoplasticas para genomas plastidos que contienen una secuencia
nucleotidica de la presente invencién, y que son preferiblemente capaces de una
elevada expresién de la secuencia nucleotidica.

Combinaciones de Principios para el Control de Insectos

Las toxinas Cry3A modificadas de la invencidn pueden usarse en
combinacion con las endotoxinas & del Bt o con otros principios pesticidas, para
aumentar la tasa que hace blanco en la plaga. Ademas, el uso de las toxinas
Cry3A modificadas de la invencién en combinacidn con las endotoxinas 8 Bt o con
otros principios pesticidas de distinta naturaleza, tiene una utilidad particular para
la prevencién y/o manipulacion de la resistencia a los insectos.

Otros principios insecticidas incluyen por ejemplo lectinas, a-amilasa,
peroxidasa y colesterol oxidasa. Los genes de Proteina Insecticida Vegetativa,
tales como vipiA(a) y vip2A(a) descritos en la Patente Norteamericana N:
5.889.174 y que se incorporan aqul como referencia, son también dtiles en la
presente invencion.

Esta co-expresion de mas de un principio insecticida en la misma planta

transgénica puede lograrse manipulando por ingenierla genética una planta de
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manera que contengan y exprese todos los genes necesarios. Alternativamente,
una planta, parental 1, puede manipularse genéticamente para que exprese los
genes de la presente invencidn. Una segunda planta, parental 2, puede
manipularse genéticamente para que exprese un principio de control de insectos
suplementario. Cruzando el Parental 1 con el Parental 2, se obtienen plantas de
una progenie que expresa todos los genes introducidos en las plantas Parental 1
y Parental 2. Las semillas transgénicas de la presente invencién pueden tratarse
también con un recubrimiento insecticida para las semillas tal como se describe
en las Patentes Norteamericanas N: 5.849.320 y 5.876.739, que se incorporan
aqul como referencia. Cuando tanto el recubrimiento insecticida para la semilla
como la semilla transgénica de la invencién son activas contra el mismo insecto
objetivo, la combinacién es util {i) en un método para mejorar la actividad de una
toxina Cry3A modificada de la invencién contra el insecto objetivo y (ii) en un
método para evitar el desarrollo de la resistencia a una toxina Cry3A modificada
de la invencidén proporcionando un segundc mecanismo de accibon contra el
insecto objetivo. Por lo tanto, la invencién provee un método para mejorar la
actividad contra o para prevenir el desarrollo de la resistencia en un insecto
objetivo, por ejemplo en un gusano de la rafz del maiz, que comprende aplicar un
recubrimiento de una semilla insecticida a una semilla transgénica que comprende
una o mas toxinas Cry3A modificadas de la invencion.

Incluso cuando el recubrimiento insecticida de la semilla es activo contra un
insecto diferente, el recubrimiento insecticida de Ia semilla es util para expandir Ia
tasa de control de insectos, por ejemplo, mediante el agregado de un
recubrimiento insecticida para la semilla, que tiene actividad contra los insectos
lepidépteros, a la semilla transgénica de la invencion, que tiene actividad contra
insectos coledpteros, la semilla transgénica recubierta produjo controles tanto

para plagas de insectos lepidépteros como coledpteros.
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EJEMPLOS

La invencién se describira adicianalmente con referencia a los siguientes
ejemplos detallados. Estos ejemplos se proveen con propositos ilustrativos
tnicamente y no estan destinados a ser limitativos a menos que se especifique 1o
contrario. Las técnicas de clonacibn molecular y de ADN recombinante
convencionales que se usaron son bien conocidas en el arte y han sido descritas
por J. Sambrook, et al., Molecular Cloning; A. Laboratory Manual, 3d Ed., Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press (2001); by T.J. Silhavy,
M.L. Berman, and L.W. Enquist, Experiments with Gene Fusions, Cold Spring
Harbor Laboratory, Coid Spring Harbor, NY (1984) and by Ausubel, F.M. et al.,
Current Protocols in Molecular Biology, New Cork, John Wiley and Sons Inc,,
(1988), Reiter, et al., Methods in Arabidopsis Research, World Scientific Press
(1992), and Schultz et al., Plant Molecular Biology Manual, Kluwer Academic
Publishers (1998).
Ejemplo 1: Construccién Génica cry3A Optimizado de Maiz

El gen cry3A optimizado de malz se prepard de acuerdo con el
procedimiento descrito en la Patente Norteamericana N. 5.625.136. En este
procedimiento, se usan codones preferidos en el malz, es decir, el codén Unico
que muy frecuentemente codifica el aminoacido del malz. El codén preferido del
malz para un aminoicido particular deriva de secuencias génicas cono‘cidas del
malz. El uso del coddn del malz para 28 genes de plantas de malz se encuentra
en Murray et al., Nucleic Acids Research 17:477-498 (1989). La secuencia
sintética preparada con codones optimizados de malz se indica en la SEC ID NO:
3.
Ejemplo 2: identificacion de la Actividad Enzimatica de la Catepsina G en

Intestinos del Gusano de la Raiz del Maiz del Qeste.



Las actividades enziméticas de la Catepsina de tipo G (serina proteasa) y
del tipo de la Catepsina B (cisteina proteasa) en los intestinos del gusano de la
raiz del maiz del oeste se midieron usando sustratos colorimétricos. Cada
reaccion de 1 ml contiene cinco mesenterones homogeneizados del tercer estadio
del gusano de la raiz de! maiz del oeste, y 1 mg de sustrato disuelto en buffer de
reaccion (10 mM de Tris, 5 mM de NaCl, 0,01 M de DTT, pH 7,5). El sustrato de
catepsina G ensayado es Ala-Ala-Pro-Phe (SEC ID NO: 35)-pNA y sustrato de
catepsina B, Arg-Arg-pNA. Las reacciones se incubaron a 28°C durante una hora.
La intensidad de la formacion de color amarillo, indicativa de la eficiencia de una
proteasa para reconocer el sustrato apropiado, se compand en tratamientos
versus controles. Las reacciones se evaluaron como negativas (-) si no se
detectaba ningiin color o si se detectaba solamente un ligero color de base. La
reacciones que estaban un 25%, 50%, 75% o 100% por arriba de la base, se
evaluaron como +, ++, +++, 0 ++++, respectivamente.

L.os resultados de los ensayos enzimaticos se muestran en la Tabla

siguiente:

Tabla 1
Reaccion Intensidad de Color del Producto
Intestino de WCR solamente -

Sustrato de catepsina B solamente -

Sustrato de catepsina G solamente -

Sustrato de intestino de WCR +|+

catepsina B

Sustrato de intestino de WCR +|+++

catepsina G
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Esta es la primera vez que se ha identificado la actividad de la catepsina G
de serina proteasa en los intestinos de los gusanos de la ralz del maiz del oeste.
Los intestinos de los gusanos de la raiz del maiz del oeste, tienen claramente una
actividad mas fuerte de la catepsina G, la serina proteasa, en comparacioén con la
actividad de la catepsina B, la cistelna proteasa. La secuencia AAPF se
selecciona como el sitio de reconocimiento de la proteasa de la catepsina G para
crear las toxinas Cry3A modificadas de la presente invencion.

Ejemplo 3: Construccién de {os Genes cry3A Modificados

Los genes cry3A modificados que comprenden una secuencia nucleotidica
que codifica el sitio de reconocimiento de la catepsina G en el dominio I, el
dominio lil y los dominios | y I, se prepararon usando PCR superpuesto.El gen
cry3A optimizado de maiz (SEC ID NO: 2), comprendido en el plasmido pCIB6850
(SEC ID NO: 5), se usé como modelo de partida. Se prepararon ocho
construcciones del gen cry3A modificados que codifican las toxinas Cry3A
modificadas; cry3A054, cry3A055 y cry3A085, que comprenden la secuencia
codificadora del sitio de reconocimiento de la catepsina G en el dominio I;
cry3A058, cry3A082, que comprenden la secuencia codificadora del sitio de
reconocimiento de la catepsina G en el dominio Ill; cry3A056, cry3A057 y
cry3A083, que comprenden la secuencia codificadora del sitio de reconocimiento
de la catepsina G en el dominio | y en el dominio [Il. Los ocho genes cry3A
modificados, y las toxinas Cry3A modificadas a las cuales codifican se describen
a continuacién:
cry3A054 comprendido en pCMS054

El cry3A054 (SEC ID NO: 6) comprende una secuencia nucleotidica que

codifica una toxina Cry3A modificada. Se usan tres pares cebadores de PCR
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superpuestos para insertar la secuencia nucleotidica que codifica el sitio de

reconocimiento de la catepsina G en el cry3A optimizado de malz no modificado:

I. BamExtl ~ 5'-GGATCCACCATGACGGCCGAC-3* (SEC ID NQ: 22)
AAPFil3 - 5'-GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3’ (SEC ID NO: 23)
2. Tail5mad - 5"-GCTGCACCGTTCCCCCACAGCCAGGGCCG-3' (SEC ID NO: 24)
XbalExt2 - 5*-TCTAGACCCACGTTGTACCAC-3’ (sEC ID NQ: 25)
3. BamExtl - 5-GGATCCACCATGACGGCCGAC-3' (SEC ID NO: 22)
XbalExt2 - 5'-TCTAGACCCACGTTGTACCAC-3' (SEC ID NO: 25)

El par cebador 1 y el par cebador 2 generan dos productos de PCR dnicos.
Estos productos se combinan luego en partes iguales, y se usa el par cebador 3
para unir los productos con el fin de generar un fragmento de PCR que es
nuevamente clonado en el patrén pCIB6850 original. El gen cry3A054 modificado
es luego transferido a pBluescript (Stratagene). El plasmido resultante se designa
pCMS054 y comprende el gen cry3A054 (SEC ID NO: 6).

La toxina Cry3A054 modificada (SEC ID NO: 7), codificada por el gen
cry3A modificado comprendido en pCMS054, tiene un sitio de reconocimiento de
la catepsina G, que comprende la secuencia de aminoacidos AAPF (SEC ID NO:
35), que esta insertada en el dominio | entre los aminoacidos 107 y 113 de la
toxina Cry3A (SEC ID NO: 4) no modificada. El sitic de reconocimiento de la
catepsina G reemplaza el sitio de reconocimiento de la tripsina natural y es
adyacente a un sitio de reconocimiento de la quimotripsina natural.
cry3A055 comprendido en pCMS055

El cry3A055 (SEC ID NO: 8) comprende una secuencia nucleotidica que

codifica una toxina Cry3A modificada. Se usan tres pares cebadores de PCR
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superpuestos para insertar la secuencia nucleotidica que codifica el sitio de

reconocimiento de la catepsina G en el cry3A optimizado de malz no modificado:

). BamExtl — 5'-GGATCCACCATGACGGCCGAC-3’ (SEC ID NO: 22)
AAPFLil3 - 5'-GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3' (SECID NO: 23)

2. AAPFuild - 5'-GCTGCACCGTTCCGCAACCCCCACAGCCA-3' (SEC 1D NO: 26)

XbalExt2 - 5-TCTAGACCCACGTTGTACCAC-3’ (SEC ID NO: 25)
3. BamExtl ~ 5-GGATCCACCATGACGGCCGAC-3’ (PEC ID NO: 22)
XbalExt2 - 5’-TCTAGACCCACGTTGTACCAC-3’ (SEC ID NO: 25)

El par cebador 1 y el par cebador 2 generan dos productos de PCR (inicos.
Estos productos se combinan luego en partes iguales, y se usa el par cebador 3
para reunir los productos con el fin de generar un fragmento de PCR que es
nuevamente clonado en el patrén pCIB6850 original. El gen ¢cry3A055 modificado
es luego transferido a pBluescript (Stratagene). El plasmido resultante se designa
pCMS055 y comprende el gen cry3A055 (SEC ID NO: 8).

La toxina Cry3A055 modificada (SEC ID NO: 9), codificada por el gen
cry3A modificado comprendido en pCMS055, tiene un sitio de reconocimiento de
catepsina G, que comprende la secuencia de aminoacido AAPF (SEC ID NO: 35),
que esta insertado en el dominio | entre los aminoacidos 107 y 111 de la toxina
Cry3A (SEC 1D NO: 4) no modificada. El sitio de reconocimiento de la catepsina G
es adyacente a un sitio de reconocimiento de la tripsina y la quimotripsina natural.
cry3AQ58 comprendido en pCMS058

El cry3A058 (SEC ID NO: 14) comprende una secuencia nucleotidica que

codifica una toxina Cry3A modificada. Se usan tres pares cebadores de PCR
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superpuestos para insertar la secuencia nucleotidica que codifica el sitio de

reconocimiento de la catepsina G en el cry3A optimizado de maiz no modificado:

1. SalExt - 5'-GAGCGTCGACTTCTTCAAC-3" (SEC 1D NO: 27)
AAPF-Y2 - 5"-GAACGGTGCAGCGTATTGGTTGAAGGGGGC-3 (SEC ID NO: 28)

2. AAPF-Y1 - 5"-GCTGCACCGTTCTACTTCGACAAGACCATC-3" (SEC ?ID NO: 29)

SacExt - 5’-GAGCTCAGATCTAGTTCACGG-3' (SEC ID NO: 30)
3. SalExt - 5-GAGCGTCGACTTCTTCAAC-3’ (SEC ID NO: 27)
SacExt - 5'-GAGCTCAGATCTAGTTCACGG-3" (SEC ID NO: 30)

|

El par cebador 1 y el par cebador 2 generan dos productos de PCR unicos.
Estos productos se combinan luego en partes iguales, y se usa el par cebador 3
para reunir los productos con el fin de generar un fragmento de PCR que es
nuevamente clonado en el patrén pClB6850 original. El gen cry3A058 modificado
es luego transferido a pBluescript (Stratagene). El plasmido resultante se designa
pCMS058 y comprende el gen cry3A058 (SEC ID NO: 14).

La toxina Cry3A058 modificada (SEC 1D NO: 15), codificada por el gen
crydA, tiene un sitio de reconocimiento de catepsina G, que comprende la
secuencia de aminoacido AAPF (SEC ID NO: 35), que esta insertado en el
dominio 1l entre los amino4cidos 540 y 541 de la toxina Cry3A no modificada
(SEC ID NO: 4). Ef sitio de reconocimiento de la catepsina G esta dentro de un
sitio de reconocimiento de la quimotripsina natural.
pCMS082 que comprende cry3A082

El cry3A082 (SEC ID NO: 12) comprende una secuencia nucleotidica que
codifica una toxina Cry3A modificada. Se usdé un par cebador de PCR de

QuikChange Site Directed Mdtagenesis para insertar la secuencia nucleotidica
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que codifica el sitio de reconocimiento de la catepsina G en el cry3A optimizado

de malz.

BBmod! - 5'-CGGGGCCCCCGCTGCACCGTTICTACTTCGACA-Y" (SEC 'ID NO: 31)
BBmod2 - 5"-TGTCGAAGTAGAACGGTGCAGCGGGGGCCCCG-1'  (SECID NO: 32)

E! par cebador genera un producto de PCR Gnico. Este producto se clond
nuevamente al patrén pCIB8850 original. El gen cry3A082 modificado es luego
transferido a pBluescript (Stratagene). El plasmido resultante se designa
pCMS082 y comprende el gen cry3A082 (SEC ID NO: 12).

La toxina Cry3A082 modificada (SEC ID NO: 13), codificada por el gen
cry3A modificado, tiene un sitio de reconocimiento de catepsina G, que
comprende la secuencia de aminoacido AAPF (SEC ID NO: 35), que esti
insertado en el dominio Il entre los amino4cidos 539 y 542 de la toxina Cry3A no
modificada (SEC ID NO: 4). E) sitio de reconocimienio de la catepsina G
reemplaza un sitio de reconocimiento de quimotripsina natural.
¢ry3A056 comprendido en pCMS056

El cry3A056 {(SEC ID NO: 18) comprende una secuencia nucleotidica que
codifica una toxina Cry3A modificada. Se usan seis pares de cebadores de PCR

superpuestos para insertar dos sitios de reconocimiento de la catepsina G en el
cry3A no modificado:
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1. BamExtl - 5'-GGATCCACCATGACGGCCGAC-3' (SEC -ID NO: 22)
AADPFcoa3 - 5'-GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3° (SEC ID NO: 23)

2. AAPreasd — §'-GCTGCACCGTTCCGCAACCCCCACAGCCA-3’ (SEC ID NO: 26)

XbalExt2 - 5"-TCTAGACCCACGTTGTACCAC-3" (SEC ID NO: 25)
3. BamExt] - 5'-GGATCCACCATGACGGCCGAC-Y’ (SEC ID NO: 22)
XbalExt2 - 5°-TCTAGACCCACGTTGTACCAC-3' (SEC ID NO: 25)
4. SalExt ~ 5'-GAGCGTCGACTTCTTCAAC-3' (SEC ID NO: 27)

AAPF-Y2 - 5"-GAACGGTGCAGCGTATTGGTTGAAGGGGGC-3’ (SEC ID NO: 28)

5. AAPF-Y1 -~ 5-GCTGCACCGTTCTACTTCGACAAGACCATC-3' (SEC 1D NO: 29)

SacExt - 5'-GAGCTCAGATCTAGTTCACGG-3' : (SEC ID NQ: 30)
6. SalExt - 5’-GAGCGTCGACTTCTTCAAC-3" (SEC ID NO: 27)
SacExt - 5'-GAGCTCAGATCTAGTTCACGG-3' {SEC ID NO: 30)

El par cebador 1 y el par cebador 2 generan dos productos de PCR Unicos.
Estos productos se combinan luego en partes iguales, y se usa el par cebador 3
para reunir los productos con el fin de generar un fragmento de PCR que es
nuevamente clonado al plasmido pCIB6850 original. El gen cry3A055 modificado
es luego transferido a pBluescript (Stratagene). El plasmido resultante se designa
pCMS055. El par cebador 4 y el par cebador 5 generan otro conjunto de
fragmentos Gnicos, los cuales son unidos con otra PCR con el par cebador 6. Este
fragmento se clona en el dominio lil del gen cry3A055 modificado comprendido en
pCMSQ055. El plasmido resultante se designa pCMS056 y comprende el gen
cry3AQ056 (SEC ID NO: 18).

La toxina Cry3A056 modificada (SEC ID NO: 19), codificada por el gen

cry3A modificado, tiene un sitio de reconocimiento de catepsina G, que

ot



comprende la secuencia de aminoacido AAPF (SEC ID NO: 35), que esta
insertada en el dominio | entre los aminoacidos 107 y 111 y en el dominio 11l entre
los aminoacidos 540 y 541 de la toxina Cry3A no modificada (SEC ID NO: 4). El

sitio de reconocimiento de la catepsina G es adyacente a un sitio de

S
1S

reconocimiento de quimotripsina y tripsina natural en el dominio |1 y est4 dentro de

un sitio de reconocimiento de quimotripsina natural en el dominio Hl.

cry3A057 comprendida en pCMS057

E! cry3A057 (SEC ID NO: 16) comprende una secuencia nucleotidica que

codifica una toxina Cry3A modificada. Se usan seis pares de cebadores de PCR

superpuestos para insertar dos sitios de reconocimiento de la catepsina G en el

cry3A no modificado:

1. BamExtl - 53'-GGATCCACCATGACGGCCGAC-3"
AAPTeol — 5'.GAACGGTGCAGCGGGGTTCTTCTGCCAGC-3'

2. TailSmod - 5’-GCTGCACCGTTCCCCCACAGCCAGGGCCG-3'
XbalExt2 - 5'-TCTAGACCCACGTTGTACCAC-3'

3. BamExtl ~ 5'-GGATCCACCATGACGGCCGAC-3’
XbalExt2 - 5'-TCTAGACCCACGTTGTACCAC-}'

4. SulExt - 5'-GAGCGTCGACTTCTTCAAC-Y
AAPF-Y2 ~ 5'-GAACGGTGCAGCGTATIGGTTGAAGGGGGC-3*

5. AAPF-Y} - 5°-GCTGCACCGTTCTACTTCGACAAGACCATC-3'

SacExt — 5'-GAGCTCAGATCTAGTTCACGG-3'

6. SalExt - 5-GAGCGTCGACTTCTTCAAC-3’
SacExt — 5-GAGCTCAGATCTAGTTCACGG-3"
\

(SEC 1D NO: 22)
(SEC ID NO: 23)

(SEC ID NO: 24)
(SEC ID NO: 25)

(SEC 1D NO: 22)
(SEC 1D NO: 25)

(SEC 1D NO: 27)
(SEC ID NO: 28)

(SEC ID NO: 29)
(SEC ID NO: 30)

(SEC 1D NO: 27)
(SEC TD NO: 30)
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El par cebador 1 y el par cebador 2 generan dos productos de PCR (nicos.
Estos productos se combinan luego en partes iguales, y se usa el par cebador 3
para reunir los productos con el fin de generar un fragmento de PCR que es
nuevamente clonado en el plasmido pClB6850 original. El gen cry3A054
modificado es luego transferido a pBluescript (Stratagene). El plasmido resultante
se designa pCMS054. El par cebador 4 y el par cebador 5 generan otro conjunto
de fragmentos Gnicos, los cuales son reunidos con otra PCR con el par cebador 6.
Este fragmento se clona en el dominio |ll del gen cry3A054 modificado
comprendido en pCMS054. El plasmido resultante se designa pCMS057 y
comprende el gen crydA057 (SEC ID NO: 16).

La toxina Cry3A057 modificada (SEC ID NO: 17), codificada por el gen
cry3A modificado, tiene un sitio de reconocimiento de catepsina G, que
comprende la secuencia de aminoacido AAPF (SEC ID NO: 35), que esta
insertada en el dominio | entre los aminoacidos 107 y 113 y en el dominio 1iI entre
los aminoacidos 540 y 541 de la toxina Cry3A no modificada (SEC ID NO: 4). El
sitio de reconocimiento de la catepsina G reemplaza un sitio de reconocimiento de
tripsina natural y es adyacente a un sitio de reconocimiento de quimotripsina
natural en el dominic | y estd dentro de un sitic de reconocimiento de
quimotripsina natural en el dominio III.
cry3A083 comprendido en pCMS083

El cry3A083 (SEC ID NO: 20) comprende una secuencia nucleotidica que
codifica una toxina Cry3A modificada. Se usaron tres pares de cebadores de PCR
superpuestos y un par cebador de PCR QuikChange Site Directed Mutagenesis

para insertar dos sitios de reconocimiento de la catepsina G en el cry3A no

modificado:

w{
o
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l. BamExt] - 5-GGATCCACCATGACGGCCGAC-3" (SEC D NO: 22)
AAPRol3 - 5'-GAACGGTGCAGCGGGGTTCTICTGCCAGE-3" (SEC ID NO: 23)

2. AAPFeaaa — 5'-GCTGCACCGTTCCGCAACCCCCACAGCCA-Y" (SEC ID NO: 26)

XbalExt2 - 5'-TCTAGACCCACGTTGTACCAC-3" (SEC ID NO: 25)
3. BamExt| - 5'-GGATCCACCATGACGGCCGAC-3' (SECID NO: 22)
XbalEx12 - 5*-TCTAGACCCACGTTGTACCAC-3’ {SEC 1D NO: 25)

BBmod! ~ 5'-CGGGGCCCCCGCTGCACCGTTCTACTTCGACA-3 (SEC ID NO: 3))
BBmod2 - 5-TGTCGAAGTAGAACGGTGCAGCGGGGGCCCCG-3'  (SEC ID NO: 32)

El par cebador 1 y el par cebador 2 generan dos productos de PCR unicos.
Estos productos se combinan luego en partes iguales, y se usa el par cebador 3
para reunir los productos con el fin de generar un fragmento de PCR que es
nuevamente clonado en el plasmido pCIB6850 original. ElI gen c¢ry3A055
modificado es luego transferido a pBluescript (Stratagene). El plasmido resultante
se designa pCMS055. E! par cebador 4 genera otro fragmento Unico que es
clonado en el dominio !li del gen cry3A modificado comprendido en pCMS055. El
plasmido resultante se designa pCMS083 y comprende el gen cry3A083 (SEC ID
NO: 20).

La toxina Cry3A083 modificada (SEC ID NO: 21), codificada por el gen
crydA modificado, tiene un sitio de reconocimiento de catepsina G, que
comprende la secuencia de aminodcido AAPF (SEC ID NO: 35), que esti
insertada en el dominio | entre los aminoacidos 107 y 111 y entre los aminoacidos
539 y 542 de la toxina Cry3A no modificada (SEC ID NOQO: 4). El sitio de
reconacimiento de la catepsina G es adyacente a una tripsina natural y a un sitio
de reconocimiento de quimotripsina natural en el dominio | y reemplaza un sitio de

reconocimiento de quimotripsina natural en el dominio ).

LS
lo¥



-68-

Cry3A085 comprendido en pCMS085
El gen cry3A085 (SEC ID NO: 10) comprende una secuencia codificadora

de catepsina G en la misma posicibn que en el gen cry3A055 descrito
anteriormente. El gen cry3A085 tiene 24 nucleétidos adicionales insertados en el
extremo 5' que codifica los aminoacidos 41-47 de la secuencia de aminoacido
deducida en la SEC ID NO: 2, asi como también una metionina adicional. Los
nucleétidos adicionales se insertan en el extremo §' del gen cry3A055 usando el
siguiente para cebador de PCR:

mo3Aexi- 5*-GGATCCACCATGAACTACAAGGAGTTCCTCCGC-
ATGACCGCCGACAAC-3' (SEC 1D NO: 33)

CMS16 - 5’-CCTCCACCTGCTCCATGAAG-3' (SEC ID NO: 34)

La toxina Cry3A085 modificada (SEC ID NO: 11), codificada por el gen
cry3A modificado, tiene un sitio de reconocimiento de catepsina G, que
comprende la secuencia de aminoacido AAPF (SEC ID NO: 35), que esta
insertada en el dominio | entre los aminoacidos 107 y 111 de la toxina Cry3A
modificada (SEC 1D NO: 4) y tiene 8 residuos de aminoacidos adicionales en el N-
término del cual el segundo residuo comresponde al aminoacido namero 41 de la
secuencia de aminoacido establecida en la (SEC ID NO: 2).

Ejemplo 4: Actividad Insecticida de las Toxinas Cry3A Modificadas

Las toxinas Cry3A modificadas se ensayaron para determinar la actividad
insecticida contra el gusano de la ralz del maiz del oeste, el gusanc de la raiz del
norte y el gusano de la raiz del maiz del sur en bioensayos de insectos. Los
bioensayos se [levaron a cabo usando un método de incorporacién de dieta. Se
cultivaron durante la noche clones de E. coli que expresan una de las toxinas de
Cry3A modificadas de la invencién. Se sonicaron 500 pl de un cultivo noctumo y

luego se mezclaron con 500 ul de una dieta artificial fundida (Marrone et al (1985)

6D
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J. of Economic Entomalogy 78:290-293). Una vez solidificada la dieta, se pasa a
una placa petri y se colocan sobre la dieta 20 gusanos de la raiz del maiz
recientemente nacidos. Las placas petri se mantienen a 30°C. La mortalidad se
registra después de 6 dias. Todas las toxinas Cry3A modificadas causan 50-100%
de mortalidad en el gusano de la rafz del maiz del norte y del oeste mientras que
la toxina Cry3A no modificada causa 0-30% de mortalidad. Ninguna de las toxinas
Cry3A modificadas tiene actividad contra el gusano de la raiz del maiz del sur.
Ejemplo 5: Creacién de Plantas de Maiz Transgénicas que Comprenden las
Secuancias Codificadoras cry3A Modificadas.

Se eligen tres genes crydA modificados, el cry3A0S55, representativo de
una modificacién del dominio |, el cry3A058, representativo de una modificacién
de un dominio lll, y el cry3A056, representativo de una modificaciéon de un
dominio | y dominio lll, para |a transformacidn de plantas de malz. Un cassette de
expresibn que comprende una secuencia codificadora cry3A modificada es
transferido a un vector apropiado para la transformacion de malz intermediado por
Agrobacterium. Para este ejemplo, un cassette de expresion comprende ademas
del gen cry3A modificado, el promotor MTL (Patente Norteamericana N°
5.466.785) y el terminador nos que es conocido en el arte.

La transformaci6n de embriones de maiz inmaduros se lleva a cabo
esencialmente tal como ha sido descrito en Negrotto et al., 2000, Plant Cell
Reports 19: 798-803. Para este ejemplo, todos los constituyentes del medio son
tal como se han descrito en Negrotto et al, supra. Sin embargo, pueden
emplearse varios constituyentes del medio conocidos en el arte,

Los genes usados para la transformacién son clonados en un vector
apropiado para la tranformacién del maiz. Los vectores usados en este ejemplo
contienen el gen de fosfomanosa isomerasa (PM!) para la seleccién de lineas

transgenicas (Negrotto ef &l. {2000) Plant Cell Reports 19:798-803).
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El Agrobacterium cepa LBA4404 (pSB1) que contiens el plasmido de
transformacion de plantas es cultivado en un medio sélido YEP (extracto de
levadura (5 g/L), peptona (10 g/L), NaCl (5g/L), 159/l agar, pH 6,8) durante 24
dias a 28°C. Aproximadamente 0,8X , se suspenden 10° de Agrobacterium en un
medio LS-inf suplementado con 100 uM As (Negrotto et al., (2000) Plant Cell Rep
19: 798-803). En este medio las bacterias son preinducidas durante 30-60
minutos.

Se extraen embriones inmaduros A188 u otro genotipo apropiado, de
mazorcas de 8 — 12 dias en LS-inf + 100 uM de As. Los embriones se enjuagan
una vez con un medio de infeccién fresco. Luego se agrega una solucién de
Agrobacterium y los embriones se someten a agitacidon vortical durante 30 .
segundos y se dejan sedimentar con las bacterias durante 5 minutos. Los
embriones son transferidos luego con el escutelo hacia arriba a un medio de LSAs
y se cultivh en la oscuridad durante dos a tres dias. Subsiguientemente, entre 20
y 25 embriones por placa petri son transferidos a un medio de LSDc
suplementado con cefotaxina (250 mg/l) y con nitrato de plata (1,6 mg/l) y se
cultivan en la oscuridad a 28°C durante 10 dias. Los embriones inmaduros, que
producen los callos embriogénicos son transferidos 2 un medio de LSD1M0,5S.
Los cultivos se seleccionan en este medio durante 6 semanas con una etapa de
sub-cultivo a las 3 semanas.

Los callos sobrevivientes son transferidos a un medio Reg1 suplementado
con mannosa. Después del cultivo bajo la luz (régimen de 16 horas de luz/ 8
horas de oscuridad), los tejidos verdes son transferidos a un medioc Reg2 sin
reguladores de crecimiento y se incuban durante 1-2 semanas. Las plantulas son
transferidas a cajas Magenta GA-7 (Magenta Corp, Chicago 1il} que contienen un
medio Reg3 y se cultivan bajo la luz. Después de 2-3 semanas, las plantas se

someten a pruebas para determinar la presencia de los genes de PM|, y los genes



crydA modificados por PCR. Las plantas positivas del ensayo de PCR son
transferidas al invernadero y se prueba su resistencia al gusano de la ralz del
maliz.
Ejemplo 6: Analisis de Plantas de Maiz Transgénico

Eficacia del Gusano de la Ralz del Malz
Bioensayo de Extraccion de la Ralz

Se toman muestras de las plantas al ser transplantadas desde las cajas
Magenta GA-7 al suelo. Esto permite tomar muestras de las raices en un
ambiente razonablemente estéril en relacién a las condiciones del suelo. La toma
de muestras consiste en cortar un pequefio trozo de raiz (de casi 24 cm de
longitud), y colocarlo sobre phytagar enriquecido (12 g de phytagar, 9 g de
sucrosa, 3 ml de sales de MS, 3 ml de vitaminas de MS, 3 ml de Nistatina (25
mg/ml), 7 ml de Cefotaxima (5¢ mg/ml), 7 mi de Aureomicina (50 mg/ml), 7 ml de
Estreptomicina (50 mg/ml), y 7 ml de dH20, 600 ml) en una pequeiia placa petri.
Los controles negativos son plantas o bien transgénicas que son negativas a la
PCR para el gen cry3A modificado del mismo experimento, o bien plantas no
transgénicas (de un tamafio similar a las plantas de ensayo), que se cultivan en
el phytotron. Si se toman muestras de las raices de control del suelo, las muestras
de la raiz se lavan con agua para eliminar los residuos de tierra, se sumergen en
una solucion de Nistatina (5 mg/ml), se sacan del bafio, se secan con toallitas de
papel y se colocan en una placa de phytagar.

Las muestras de raices se inoculan con 10 larvas del primer estadio, sobre
la superficie interna de la tapa de cada placa de phytagar y luego las tapas se
sellan otra vez hemméticamente. Las larvas se manipulan usando un pincel de
punta fina. Después de inocular todas las placas, se coloca la bandeja de placas

en la oscuridad a temperatura ambiente hasta !a recolecciéon de datos.
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A los 34 dias de [a inoculacién, se recogen los datos. Se calcula el
porcentaje de mortalidad de las larvas junto con una evaluacién visual del
deterioro de la raiz. El deterioro por alimentacién se evalda como elevado,
moderado, bajo o ausente y se le da un valor numérico de 3, 2, 1 o 0,
respectivamente. Las muestras de la raiz que causaban por lo menos 40% de
mortalidad y que tenian una evaluacién de deterioro de 2 o menos se
consideraron positivas.

Los resultados en la Tabla siguiente muestran que las plantas que
expresan una toxina Cry3A modificada causan desde 40-100% de mortalidad a
los gusanos de la raiz del maiz del oeste, mientras que las plantas de control
causan 0-30% de mortalidad. Asimismo, las plantas que expresan una toxina
Cry3A modificada sostienen un deterioro por alimentacidn significativamente

inferior que las plantas de control.

Tabla 2
Evento TO Toxinas Cry3A | Porcentaje de | Evaluacién del
Modificada, Mortalidad por | Deterioro Promedio
Expresada Planta por Evento
A B CDE
240A7 Cry3A055 80 40 80 60 0,8
240B2 Cry3A055 60 60 60 80 1,25
240B9 Cry3A055 40 60 60 100 1
240B10 Cry3A055 80 40 60 60 1
240A15 Cry3A055 80 60 50 70 70 |0,6
240A5 Cry3A055 60 80 60 0,33
240A9 Cry3A055 50 60 60 70 70 |1,8
244A4 Cry3A058 50 1
244A7 Cry3A058 40 40 60 1.3
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244A5 Cry3A058 50 1
24487 Cry3A058 90 1
24486 Cry3A058 50 40 60 1
243A3 Cry3A056 50 90 80 60  |1,25
243A4 Cry3A056 50 80 60 1,7
243B1 Cry3A056 80 90 0,5
24384 Cry3A056 70 60 50 80 |15
24582 Cry3A056 90 50 70 60 |1
WT1 - 010 20 10 0 [2,6
WT2 - 030 00 2 |28

Biensayo de Planta Entera

Algunas plantas positivas identificadas usando un bioensayo de extraccion
de raiz descripto anteriormente se evallan para determinar la resistencia del
gusano de la raiz del malz del oeste usando un bioensayo de planta entera. Las
plantas se infestan generalmente dentro de los tres dias después de completar el
ensayo de extraccion de raiz.

Se pre-incubaron huevos del gusano de la raiz del maiz del ceste de
manera que la puesta de huevos ocurriera 2-3 dias después de la inoculacién de
la planta. Los huevos se suspendieron en 0,2% de agar y se aplicaron al suelo
alrededor de las plantas de ensayo aproximadamente a razdén de 200
huevos/planta.

Dos semanas después de poner los huevos, las plantas fueron evaluadas
para determinar el deterioro causado por las larvas del gusano de la raiz del maiz
del oeste. Se usaron los criterios de altura de la planta, debilitamiento y masa de
raiz para determinar si las plantas eran resistentes al deterioro por alimentacion
del gusano de la raiz del malz del oeste. En el momento de la evaluacion, las

_plantas de control eran tipicamente mas pequefias que las plantas de Cry3A



modificadas. Asimismo, las plantas de control no transgénicas y las plantas que
expresan las toxinas Cry3A no modificadas codificadas por el gen cry3A
optimizado del malz se debilitaron durante este tiempo debido a un severo
cercenamiento de la mayor parte de las raices, lo cual dio como resultado una
falta de acumulacién de masa en la ralz. En el momento de la evaluacion, las
plantas que expresan una toxina Cry3A modificada de la invencién son mas altas
que las plantas de control, no estan debilitadas, y tienen una masa de ralz intacta
mayor debido a la actividad insecticida de la toxina Cry3A modificada.
Ensayo ELISA

Se uso el andlisis ELISA de acuerdo con el método descrito en la Patente

Norteamericana N° 5.625.136 para la determinacion cuantitativa del nivel de

proteinas Cry3A modificada y no modificada en plantas transgénicas.

Tabla 3: Resultados del Bioensayo de Planta Entera y Niveles de Protelna

Planta de|Tipo de Toxina Cry3A | Nivel de |Planta Masa de
Maiz Expresada Proteinas Debilitada Ralz Intacta
Transgénica Cry3A en las

Ralces (ng/mg)
240A2E Cry3A055 modificado {224 - +
240A9C Cry3A055 modificado |71 - +
240B9D Cry3A055 modificado |204 - +
240B9E Cry3A055 modificado |186 - +
240B10D Cry3A055 madificado |104 - +
240B10E Cry3A055 modificado (70 - +
240A15E Cry3A055 modificado | 122 - +
240B4D Cry3A055 modificado |97 - +
243B5A Cry3A055 modificado |41 - +
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244ATA Cry3A055 modificado | 191
710-2-51 Maiz optimizado 39
710-2-54 Maiz optimizado 857
710-2-61 Maliz optimizado 241
710-2-67 Malz optimizado 1169
710-2-68 Maiz optimizado 531
710-2-79 Malz optimizado 497
710-2-79 Malz optimizado 268
WT1 Control |- 0
WT2 Control |- 0




REIVINDICACIONES

1. Una molécula de acido nucleico aislada que comprende una secuencia
nucleotidica que codifica una toxina Cry3A modificada que comprende un sitio de
reconocimiento de proteasa no natural, donde dicho sitio de reconocimiento de
proteasa modifica una toxina Cry3A y esta situada en una posicion seleccionada
del grupo que consiste en:

a) una posicion comprendida entre los aminoacidos que corresponden a los
aminoacidos nimeros 107 y 115 de la SEC ID NO: 4;

b) una posicion comprendida entre los aminodcidos que cofresponden a los
aminodcidos nimeros 536 y 542 de la SEC ID NO: 4;y

c) una posicidon comprendida entre los aminoacidos que corresponden a los
aminoacidos nimeros 107 y 115 de la SEC ID NO: 4, y entre los aminoacidos que
corresponden a los aminoacidos nimeros 536 y 542 de la SEC ID NO: 4,

donde dicho sitio de reconocimiento de proteasa reconocible por una proteasa
intestinal del gusano de la raiz del malz del oeste, y donde dicha toxina Cry3A
modificada causa una mortalidad mas elevada en el gusano de la ralz del malz
del oeste que la mortalidad causada por dichas toxinas Cry3A al gusano de la raiz
del malz del oeste en un bioensayo de dieta artificial.

2. La molécula de acido nucleico aislada de acuerdo con la reivindicacion 1,
donde dicha protéasa intestinal es catepsina G.

3. La molécula de acido nucleico aislada de acuerdo con la reivindicacion 1,
donde dicho sitio de reconocimiento de proteasa estd situado entre los
aminoacidos numero: 107 y 115 de la SEC ID NO: 4.

4. |.a molécula de acido nucleico aislada de acuerdo con la reivindicacion 1,
donde dicho sitio de reconocimiento de proteasa estd situado entre los

aminoacidos que corresponden a los aminoacidos nimero: 107 y 113 de la SEC
ID NO: 4.
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5. La molécula de acido nucleico aislada de acuerdo con la reivindicacion 4,
donde dicho sitio de reconocimiento de proteasa esta situado entre los
aminoAcidos nimero: 107 y 113 de la SEC ID NO: 4.

6. La molécula de acido nucleico aislada de acuerdo con la reivindicacion 1,
donde dicho sitio de reconocimiento de proteasa esta situado entre los
aminoacidos que comresponden a los aminoacidos nimero: 107 y 111 de la SEC
ID NO: 4.

7. La molécula de acido nucleico aislada de acuerdo con la reivindicacion 6,
donde dicho sitic de reconocimiento de proteasa estad situado entre los
aminoacidos nimero: 107 y 111 de la SEC ID NO: 4.

8. La molécula de écido nucleico aisiada de acuerdo con la reivindicacion 1,
donde dicho sitio de proteasa est4 situado entre los aminoacidos nimero: 536 y
542 de la SEC ID NO: 4.

9. La molécula de acido nucleico aislada de acuerdo con la reivindicacion 1,
donde dicho sitio de reconocimiento de proteasa estd situado entre los
aminodcidos que corresponden a los aminoacidos niGmero: 536 y 541 de la SEC
ID NO: 4.

10. La molécula de acido nucleico aislada de acuerdo con la reivindicacion
9, donde dicho sitio-de proteasa adicional esta situado entre los aminoacidos
namero: 536 y 541 de la SEC ID NO: 4.

11. La molécula de acido nucleico aislada de acuerdo con la reivindicacion
1, donde dicho sitio de reconocimiento de proteasa esta situado entre los
aminoacidos que corresponden a los aminoacidos niomeros: 540 y 541 de la SEC
ID NO: 4.

12. La molécula de acido nucleico aislada de acuerdo con Ila reivindicacion

11, donde dicho sitic de proteasa esta situado entre los aminoacidos nimeros:
540 y 541 dela SEC ID NO: 4.

1
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13. La molécula de acido nucleico aislada de acuerdo con la reivindicacion
1, donde dicho sitio de reconocimiento de proteasa esta situado entre los
aminoéacidos nimeros: 107 y 115 de la SEC ID NO: 4, y entre los aminoacidos
nameros: 536 y 542 de la SEC ID NO. 4.

14. La molécula de &cido nucleico aislada de acuerdo con la reivindicacion
1, donde dicho sitio de reconocimiento de proteasa esta situado entre los
aminoacidos que correspanden a los aminoacidos nameros: 107 y 113 de la SEC
ID NO: 4 y entre los aminoacidos que corresponden a los aminoécidos numeros:
540 y 541 de la SEC ID NO: 4.

15. La molécula de &cido nucleico aislada de acuerdo con la reivindicacion
14, donde dicho sitio de reconocimienio de proteasa estd situado entre los
aminoacidos nimeros 107 y 113 de la SEC ID NO: 4 y entre los aminoacidos
nameros 540 y 541 de la SEC ID NO: 4.

16. La molécula de &cido nucleico aislada de acuerdo con la reivindicacién
1, donde dicho sitio de reconocimiento de proteasa esta situado entre los
aminoécidos que corresponden a los aminoécidos nameros: 107 y 111 de la SEC
ID NO: 4 y entre los aminoacidos que comesponden a los aminoacidos nimeros:
536 y 541 de la SEC ID NO: 4.

17. La molécula de cido nucleico aislada de acuerdo con la reivindicacion
16, donde dicho sitio de reconocimiento de proteasa estad situado entre los
aminoacidos nuimeros 107 y 111 de la SEC ID NO: 4 y entre los aminoacidos
nameros 536 y 541 de la SEC ID NO: 4.

18. La molécula de acido nucleico aislada de acuerdo con la reivindicacion
1, donde dicho sitic de reconocimiento de proteasa estd situado entre los
aminoacidos que corresponden a los aminoacidos nimeros: 107 y 111 de la SEC
ID NO: 4 y entre los aminoacidos que corresponden a los aminoacidos nimeros:
540 y 541 de la SEC ID NO: 4.
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19. La molécula de acido nucleico aislada de acuerdo con la reivindicacion
18, donde dicho sitio de reconocimiento de proteasa esta situado entre los
aminoacidos nameros 107 y 111 de la SEC ID NO: 4 y entre los aminoacidos
nimeros 540 y 541 de la SEC ID NO: 4.

20. La molécula de acido nucleico aislada de acuerdo con la reivindicacién
1, donde dicha toxina Cry3A madificada causa una mortalidad de por lo menos al
50% en el gusano de la raiz del maiz del oeste en el cual dicha toxina Cry3A
causa hasta una 30% de mortalidad.

21. La molécula de 4cido nucleico aislada de acuerdo con [a reivindicacién
1, donde dicha secuencia nucleotidica comprende los nucleétidos 1-1791 de la
SEC ID NO: 6, los nucledtidos 1-1806 de la SEC ID NO: 8, los nucleétidos 1-1812
de la SEC ID NO: 10, los nucleétidos 1-1794 de la SEC |D NO: 12, los nucledtidos
1-1818 de la SEC ID NO: 14, los nuclettidos 1-1812 de la SEC ID NO: 16, los
nucledtidos 1-1791 de la SEC ID NO: 18 o los nucledtidos 1-1818 de la SEC ID
NO: 20.

22. L a molécula de acido nucleico aislada de acuerdo con la reivindicacion
1, donde dicha toxina Cry3A modificada comprende la secuencia de aminoacido
establecida en las SEC ID NO: 7, SEC ID NO: 9, SEC 1D NO: 11, SEC ID NO: 13,
SEC ID NO: 15, SEC ID NO: 17, SEC ID NO: 19, SEC ID NO: 21.

23. La molécula de acido nucleico aislada de acuerdo con Ia reivindicacién
1, donde dicha foxina Cry3A modificada es activa contra el gusano de la ralz del
maiz del norte.

24. Una construccion quimérica que comprende una secuencia promotora
heterGloga ligada operativamente a la molécula de acido nucleico de la
reivindicacion 1.

25. Un vector recombinante que comprende la construccion quimérica de la

reivindicacion 24.
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26. Una célula huésped no humana transgénica que comprende la
construccion quimeérica de la reivindicacién 24.

27. La célula huésped transgénica de acuerdo con la reivindicaciéon 26 que
es una célula bacteriana.

28. La célula huésped transgénica de acuerdo con la reivindicacion 26 que
es una célula de planta.

29. Una planta transgénica que comprende la célula de planta transgénica
de la reivindicacion 28.

30. La planta transgénica de acuerdo con la reivindicacion 29, donde dicha
planta es una planta de malz.

31. La semilla transgénica de la planta transgénica de la reivindicacién 29.

32. La semilla tr.amsgénica de la planta de malz de la reivindicacion 30.

33. Una toxina aislada producida por la expresion de la molécula de acido
nucleico de acuerdo con la reivindicacion 1.

34. La toxina aislada de acuerdo con la reivindicacién 33, donde dicha
toxina se produce por la expresidbn de una molécula de acido nucleico que
comprende los nucledtidos 1-1791 de la SEC ID NO: 6, los nucledtidos 1-1806 de
la SEC ID NO: 8, los nucledtidos 1-1812 de la SEC ID NO: 10, los nucledtidos 1-
1794 de la SEC ID NO: 12, los nucledtidos 1-1818 de la SEC ID NO: 14, los
nucledtidos 1-1812 de la SEC 1D NO: 18, los nuclettidos 1-1791 de la SEC ID
NO: 18 o los nucledtidos 1-1818 de la SEC |D NO: 20.

35. La toxina aislada de acuerdo con ia reivindicacidn 33, donde dicha
toxina tiene actividad contra el gusano de Ia ralz del maiz del norte.

36. La toxiné aislada de acuerdo con la reivindicacion 33, donde dicha
toxina comprende la secuencia de aminoacido establecida en tas SEC ID NO: 7,
SEC ID NO: 9, SEC ID NO: 11, SEC ID NO: 13, SEC ID NO: 15, SEC ID NO: 17,
SEC ID NO: 19, SEC ID NO: 21.
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37. Una composicion que comprende una cantidad eficaz de la toxina de ia
reivindicacion 33, que causa mortalidad al gusano'de la raiz del maiz del oeste.

38. Una planta transgénica de maiz que comprende una secuencia
nucleotidica que codifica una toxina Cry3A modificada que comprende un sitio de
reconocimiento de proteasa no natural, donde dicho sitio de reconocimiento de
proteasa modifica una toxina Cry3A y esta situada en una posicidn seleccionada
del grupo que consiste en:

a) una posicion comprendida entre los aminoacidos que corresponden a los
aminoacidos nimeros 107 y 115 de la SEC 1D NO: 4;

b) una posicién comprendida entre los aminoacidos que corresponden a los
aminoacidos numeros 536 y 542 de la SEC ID NO: 4; y

c) una posicibn comprendida entre los aminoacidos que comesponden a los
aminoéacidos nimeros 107 y 115 de la SEC ID NO: 4; y entre los aminoacidos que
corresponden a los aminoécidos nimeros 536 y 542 de la SEC ID NO: 4,

donde dicho sitio de reconocimiento de proteasa reconocible por una proteasa
intestinal del gusano de la ralz del malz del oeste, y donde dicha planta
transgénica expresa dicha toxina Cry3A modificada en un tejido de ralz a un nivel
que causa mortalidad en el gusanao de la ralz del maiz del ceste.

39. La planta transgénica del maiz de acuerdo con la reivindicacion 38,
donde dicho sitio de reconocimiento de proteasa estad situado entre los
aminoacidos numeros 167 y 111 de la SEC ID NO: 4.

40. La planta transgénica del maiz de acuerdo con la reivindicacion 38,
donde dicho sitio de reconocimiento de proteasa estd situado entre los
aminoacidos nimeros 540 y 541 de la SEC ID NO: 4.

41. La planta transgénica del malz de acuerdo con la reivindicaciéon 38,

donde dicho sitio de reconocimiento de proteasa esta situado entre los

il



-82-

aminoécidos nimeros 107 y 111 de [a SEC ID NO: 4 y entre los aminoacidos
nimeros 540 y 541 de la SEC ID NO: 4.

42, La planta transgénica del malz de acuerdo con la reivindicacién 38,
donde dicha secuencia nucleotidica co;11prende los nucledtidos 1-1806 de la SEC
ID NO: 8, los nucledtidos 1-1818 de la SEC ID NO: 14, o los nuclettidos 1-1791
de la SEC ID NO: 18.

43. La planta transgénica de maiz de acuerdo con la reivindicacién 38
donde dicha toxina Cry3A modificada comprende la secuencia de aminoacido
establecida en la SEC 1D NO: 9, SEC ID NO: 15 O SEC ID NO: 19.

44, La planta transgénica de malz de acuerdo con la reivindicacion 38
donde dicho tejido de raiz causa 100 % de mortalidad en el gusano de la raiz del
maiz del oeste.

45. La planta transgénica de maiz de acuerdo con la reivindicacion 38
donde dicho tejido de ralz causa 80 % de mortalidad en el gusano de la raiz del
maliz del oeste.

46. La planta transgénica de malz de acuerdo con la reivindicacion 38
donde dicho tejido de ralz causa 80 % de mortalidad en el gusano de la raiz del
maiz del oeste.

47. La planta transgénica de malz de acuerdo con la reivindicacion 38
donde dicho tejido de raiz causa 70 % de mortalidad en el gusano de la raiz del
maiz del oceste.

48. La planta transgénica de maiz de acuerdo con la reivindicacion 38
donde dicho tejido de raiz causa 60 % de mortalidad en el gusano de la raiz del
maiz del oeste.

49. La planta transgénica de malz de acuerdo con la reivindicacion 38
donde dicho tejido de raiz causa 50 % de mortalidad en el gusano de la raiz del

maiz del geste.

|1



50. La planta transgénica de maiz de acuerdo con la reivindicacion 38
donde dicho tejido de raiz causa 40 % de mortalidad en el gusano de la raiz del
maiz del oeste.

51. La planta transgénica de maiz de acuerdo con la reivindicacién 38
donde dicha planta transgénica expresa dicha toxina Cry3A modificada a un nivel
suficiente para evitar que el gusano de la ralz del maiz del oeste cercene
gravemente las raices de la planta transgénica.

52. La planta transgénica de malz de acuerdo con la reivindicacion 38
donde dicha planta transgénica expresa dicha toxina Cry3A modificada a un nivel
suficiente para evitar el perjuicio poF alimentacion del gusano de la raiz del mailz
del oeste que causa sl debilitamiento de la planta.

53. La planta transgénica de maiz de acuerdo con cualquiera de las
reivindicaciones 38-52, que es una planta endogamica.

54. La planta transgénica de acuerdo con cualquiera de las reivindicacién
38-52, que es una planta hibrida.

55. Semilla transgénica de la planta de la reivindicacion 53.

56. Semilla transgénica de la planta de la reivindicacion 54.

57. Una toxina Cry3A modificada que comprende un sitio de
reconocimiento de proteasa no natural, donde dicho sitio de reconocimiento de
proteasa modifica una toxina Cry3A y esta situado en una posicidon seleccionada
del grupo que consiste en:

a) una posicidon comprendida entre los aminoacidos que comesponden a los
aminoacidos nimeros 107 y 115 de la SEC ID NO: 4;
b) una posicion comprendida entre los aminoacidos que corresponden a ios

aminodcidos nimeros 536 y 542 de la SEC ID NO: 4; y
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c) una posicion comprendida entre los aminoacidos que corresponden a los
amino&cidos niimeros 107 y 115 de la SEC ID NO: 4; y entre los aminoacidos que
comresponden a los aminoacidos nimeros 536 y 542 de la SEC ID NO: 4,

donde dicho sitio de reconocimiento de proteasa es reconocible por una proteasa
intestinal del gusano de la ralz del malz del oeste, y donde dicha toxina Cry3A
modificada causa una mortalidad mas elevada en el gusano de la raiz dal maiz
del oeste que la mortalidad causada por dichas toxinas Cry3A al gusano de la raiz
del maiz del oeste en un bioensayo de dieta artificial.

58. La toxina Cry3A modificada de acuerdo con la reivindicacién 57, donde
dicha proteasa intestinal es catepsina G.

59. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos 107
y 115 de la SEC ID NO: 4.

60. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos que
corresponden a los aminoacidos nimeros 107 y 113 de [a SEC ID NO: 4.

61. La toxina Cry3A modificada de acuerdo con la reivindicacién 80, donde
dicho sitio de reconocimiento de proteasa estd situado entre los aminoacidos
nameros 107 y 113 de la SEC ID NO: 4.

62. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos que
corresponden a los aminoacidos nameros 107 y 111 de la SEC ID NO: 4,

63. La toxina Cry3A modificada de acuerdo con la reivindicacién 62, donde
dicho sitio de reconocimiento de proteasa estad situado entre los aminoécidos

nameros 107 y 111 de la SEC 1D NO: 4.
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64. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de proteasa esta situado entre los aminoacidos nimeros 536 y 542 de
la SEC ID NO: 4.

65. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos que
corresponden a los aminoacidos nimeros 536 y 541 de la SEC ID NO: 4.

66. La toxina Cry3A modificada de acuerdo con la reivindicacion 85, donde
dicho sitio de reconocimiento de "proteasa adicional estad situado entre los
aminoacidos nimeros 536 y 541 de la SEC ID NO: 4.

67. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminodcidos que
corresponden a los aminoacidos numeros 540 y 541 de [a SEC 1D NO: 4.

68. La toxina Cry3A modificada de acuerdo con la reivindicacién 57, donde
dicho sitio de proteasa esta si;cuado entre los aminoacidos nimeros 540 y 541 de
la SEC ID NO: 4.

69. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos
niameros 107 y 115 y entre los aminoacidos nimeros 536 y 542 de la SEC ID NO:
4,

70. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos que
comresponden a los aminoacidos numeros 107 y 113 de la SEC ID NO: 4 y entre
los aminoacidos que corresponden a los aminoacidos numeros 540 y 541 de la
SEC ID NO: 4.

71. La toxina Cry3A modificada de acuerdo con ia reivindicacion 70, donde

dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos 107



y 113 de la SEC ID NO: 4 y entre los aminoacidos ntimeros 540 y 541 de la SEC
ID NO: 4.

72. La toxina Cry3A modificada de acuerdo con la reivindicacién 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos que
corresponden a los aminoacidos niimeros 107 y 111 de la SEC ID NO: 4 y entre
los amino4cidos que corresponden a los aminoacidos nimeros 536 y 541 de la
SEC ID NO: 4.

73. La toxina Cry3A modificada de acuerdo con la reivindicacién 72, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos
nimeros 107 y 111 de la SEC ID NO: 4 y entre los aminoacidos nimeras 536 y
541 de la SEC ID NO: 4.

74. La toxina Cry3A modificada de acuerdo con la reivindicaciéon 57, donde
dicho sitio de reconocimiento de proteasa esta situado entre los aminoacidos que
corresponden a los aminoacidos ﬁfnmeros 107 y 111 de la SEC ID NO: 4 y entre
los aminoacidos que corresponden a los aminodacidos numeros 540 y 541 de la
SEC ID NO: 4.

75. La toxina Cry3A modificada de acuerdo con la reivindicaciéon 74, donde
dicho sitio de reconocimiento de proteasa estd situado entre los aminoacidos
nimeros 107 y 111 de la SEC ID NO: 4 y enire los aminoacidos que
corresponden a los aminoacidos nameros 540 y 541 de la SEC ID NO: 4.

76. La toxina Cry3A modificada de acuerdo con la reivindicacion 57, donde
dicha toxina cry3A modificada causa por lo menos 50% de mortalidad en el
gusano de la raiz del malz del oeste en el cual dicha toxina Cry3A causa una
mortalidad de hasta 30%.

77. La toxina Cry3A modificada de acuerdo con la reivindicacién 57 que es
codificada por los nucledtidos 1-1791 de la SEC ID NO: 6, los nucledtidos 1-1806
de la SEC ID NO: 8, los nucledtidos 1-1812 de la SEC 1D NO: 10, los nucledtidos

g
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1-1794 de la SEC ID NO: 12, los nucledtidos 1-1818 de la SEC ID NO: 14, los
nuclettidos 1-1812 de la SEC ID NO: 16, los nucledtidos 1-1791 de la SEC ID
NO: 18 o los nucledtidos 1-1818 de la SEC ID NO: 20.

78. La toxina Cry3a modificada de acuerdo con la reivindicacién 57 que
comprende la secuencia de aminoacido establecida en las SEC 1D NO: 7, SEC ID
NO: 8, SEC ID NO: 11, SEC ID NO: 13, SEC ID NO: 15, SEC 1D NO: 17, SECID
NO: 19, SEC ID NO: 21.

79. La toxina Cry3a modificada de acuerdo con la reivindicacion 57 que es
activa contra el gusano de la raiz del maiz del norte.

80. Un método para controlar ia infestacién de plantas de maiz del gusano
de la ralz del maiz del oeste, donde dicho método comprende:

a) proveer |a planta transgénica de malz de acuerdo con la reivindicacion 38; y
b) poner en contacto dicho gusano de la ralz del mailz del oeste con la planta.

81. Un método para producir una toxina Cry3A modificada que comprende:
a) obtener la célula huésped transgénica de acuerdo con la reivindicacion 27;

b) cultivar la célula huésped transgénica bajo condiciones que permiten la
expresion de la toxinas Cry3A modificadas; y
c) recuperar la toxina Cry3A modificada expresada.

82. Un método para producir plantas resistentes a los insectos, que
comprende:

(a) integrar establemente la molécula de acido nucleico de acuerdo con la
reivindicacién 1, en el genoma de células de plantas, y

(b) regenerar las plantas establemente transformadas de dichas células de
plantas transformadas, donde dichas plantas establemente transformadas
expresan una cantidad eficaz de una toxina Cry3A modificada que convierte dicha

planta transformada en resistente a por lo menos el gusano de la ralz del maiz del

oeste.



83. Un método para controlar por lo menos al gusano de la raiz del malz
del oeste, que comprende liberar oraimente al gusano de la raiz del maiz del
oeste una cantidad eficaz de una toxina de acuerdo con la reivindicacion 33.

84. Un método para preparar un toxina Cry3A modificada, que comprende:
(a) obtener un gen cry3A que codifica una toxina Cry3A;

(b) identificar una proteasa intestinal del gusano de la rafz del maiz del oeste;

(c) obtener una secuencia nucleotldica que codifica un sitio de reconocimiento
para dicha proteasa intestinal;

(d) insertar dicha secuencia nucleotidica en dicho gen cry3A, de modo que dicho
sitio de reconocimiento esté situado en dicha toxina Cry3A en una posicidn
comprendida entre los aminoacidos que comresponden a los aminoacidos nimeros
107 y 115 de la SEC ID NO: 4, 0 en una posicibn comprendida entre los
aminoAcidos que corresponden a los aminoacidos nimeros 536 y 542 de la SEC
ID NO: 4, o en una posicion comprendida entre los aminoacidos que
corresponden a los aminoédcidos nimeros 107 y 115 de la SEC ID NO: 4, y entre
los aminoacidos que corresponden a los aminoacidos nimeros 536 y 542 de la
SEC ID NO: 4, creando de este modo el gen cry3A modificado;

( &) insertar dicho gen ¢ry3A modificado en un cassette de expresion; y

(f) transformar dicho cassette de expresion en una célula huésped no humana,
donde dicha célula huésped produce una toxina Cry3A modificada.

85. Un gen cry3A modificado que comprende una secuencia nucleotidica
que codifica una toxina Cry3A modificada que comprende un sitio de
reconocimiento de proteasa que no es natural, donde dicho gen c¢cry3A modificado
comprende una secuencia codificadora que codifica dicho sitio de reconocimiento
de proteasa donde dicha secuencia codificadora modifica un gen cry3A y esta

insertado en una posicion seleccionada del grupo que consiste en:
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a) una posicibn comprendida entre los codones que codifican para los
' aminoacidos que corresponden a los aminoacidos numeros 107 y 115 de la SEC
D NO: 4;

b) una posicion entre los codones que codifican para aminoacidos que
corresponden a los aminoacidos nimeros 536 y 542 de la SEC ID NO: 4; y

c) una posicién comprendida entre los codones que codifican para aminoacidos
que corresponden a los aminoacidos nomeros 107 y 115 de la SEC ID NO: 4; y
entre codones que codifican para aminoacidos que corresponden a los
aminoacidos nimeros 536 y 542 de la SEC ID NO: 4,

donde dicho sitio de reconocimiento de proteasa es reconocible por una proteasa
intestinal del gusano de la raiz del malz del oeste, y donde dicha toxina Cry3A
modificada causa una mortalidad mas elevada en el gusano de la raiz del maiz
del oeste que la mortalidad causada por dichas toxinas Cry3A al gusano de la ralz
del malz del oeste en un bioensayo de dieta artificial.

86. El gen cry3A modificado de acuerdo con la reivindicacién 85, donde
dicha proteasa intestinal es catepsina G. -

87. El gen cry3A modificado de acuerdo con la reivindicacién 85 donde
dicha secuencia nucleotidica comprende los nucledtidos 1-1791 de la SEC ID NO:
6, los nucleétidos 1-1806 de [a SEC |D NO: 8, los nucleétidos 1-1812 de la SEC
ID NO: 10, los nucledtidos 1-1794 de la SEC ID NO: 12, los nucledtidos 1-1818 de
la SEC ID NO: 14, los nucledtidos 1-1812 de la SEC ID NO: 16, los nucleétidos 1-
1791 de la SEC |D NO: 18 o los nucleétidos 1-1818 de la SEC ID NO: 20.

88. El gen cry3a modificado de acuerdo con la reivindicacién 85 donde
dicha toxina Cry3A modificada comprende la secuencia de aminoacido
establecida en las SEC ID NO: 7, SEC ID NO: 9, SEC ID NO: 11, SEC ID NO: 13,
SEC ID NO: 15, SEC ID NO: 17, SEC ID NO: 19, SEC ID NO: 21.



-00-

89. El gen cry3A modificado de acuerde con la reivindicacién 85 donde
dicha toxina Cry3A modificada es activa contra el gusano de la ralz del maiz del
norte.

80. Una construccion quimérica que comprende una secuencia promotora
heterdloga ligada operativamente al gen cry3A modificado de la reivindicacién 85.

91. Un vector recombinante que comprende la construccion quimérica de la
reivindicacion 90.

92. Una célula huésped no humana transgénica que comprende la
construccidon quimeérica de la reivindicacion 90.

93. Una célula huésped transgénica de acuerdo con la reivindicacién 92
que es una célula bacteriana.

94. La célula huésped transgénica de acuerdo con la reivindicacién 92 que
es una célula de planta.

95. Una planta transgénica que comprende la célula de planta transgénica
de la reivindicacion 94.

96. La planta transgénica de acuerdo con la reivindicacién 95, donde dicha
planta es una planta de malz.

97. La semilla transgénica de la planta transgénica de la reivindicacion 95.

98. La semilla transgénica de la planta de malz de la reivindicacién 96.

89. Una planta de malz transgénica que comprende un gen cry3A
modificado que comprende una secuencia nucleotidica que codifica la toxina
Cry3A modificada que comprende un sitio de reconocimiento de proteasa no
natural, donde dicho gen cry3A modificade comprende una secuencia
codificadora que codifica dicho sitio de reconocimiento de proteasa donde dicha

secuencia codificadora modifica un gen cry3A y esti insertado en una posicion

seleccionada del grupo que consiste en:

=3



-01-

a) una posicion comprendida entre los codones que codifican para los
aminoacidos que corresponden a los aminoacidos nomeros 107 y 115 de la SEC
ID NO: 4;

b) una posicion entre los codones que codifican para aminoacidos que
corresponden a los aminoacidos niimeros 536 y 542 de la SEC ID NO: 4; y

c) una posicion comprendida entre los codones que codifican para aminoacidos
que corresponden a los aminoacidos nimeros 107 y 115 de la SEC ID NO: 4; y
entre codones que caodifican para aminoacidos que comesponden a los
aminoacidos nimeros 536 y 542 de la SEC ID NO: 4,

donde dicho sitio de reconocimiento de proteasa es reconocible por una proteasa
intestinal del gusano de la ralz del maiz del oeste, y donde dicha planta
transgénica expresa dicha toxina Cry3A modificada en el tejido de la raiz a un
nivel que causa mortalidad al gusano de la ralz del maiz del oeste.

100. La planta de maiz transgénica de la reivindicacién 99, donde dicha
secuencia nucleotidica comprende los nuclebtidos 1-1806 de la SEC ID NO: 8,
nucléotidos 1-1818 de la SEC ID NO: 14, o nucledetidos 1-1791 de la SEC ID NO:
18.

101. La planta de malz transgénica de la reivindicacién 98, donde dicha
toxina Cry3A modificada comprende la secuencia de aminoacido establecida en la
SEC ID NO: 9, SEC ID NO: 15, O SEC ID NO: 19.

102. La planta de malz transgénica de acuerdo con cualquiera de las
reivindicaciones 99-101, que es una planta endogamica.

103. La planta de maijz transgénica de acuerdo con cualquiera de las

reivindicaciones 99-101, que es una pianta hlbrida.
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104. Semilla transgénica de la planta de la reivindicacioén 102.

105. Semilla transgénica de la planta de la reivindicacion 103.
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RESUMEN

Se describen composiciones y métodos para controlar plagas de plantas.
En particular, se proveen nuevas secuencias de acido nucleico que codifican
toxina Cry3A modificadas que tienen toxicidad incrementada para el gusano de la
raiz del malz. Mediante la insercién de un sitio de reconocimiento de proteasa, tal
como Catepsina G, que es reconocida por una proteasa intestinal de un insecto
objetivo, en por [o menos una posicién de una toxina Cry3A, se disefia una toxina
Cry3A modificada que tiene una toxicidad significativamente mayor,
particularmente para el gusano de la ralz del maiz del oeste y del norte. Ademds,
se describe un método para preparar las toxinas Cry3A modificadas y métodos de
uso de las secuencias de "acido nucleico Cry3A, por ejemplo microorganismos
para el control de insectos o en plantas transgénicas para conferir proteccion
contra el dafio causado por insectos, y un método de uso de las toxinas Cry3A
modificadas y composiciones y formulaciones que comprenden las toxinas Cry3A,
por ejemplo, aplicar las toxinas Cry3A o las composiciones o formulaciones a
areas infestadas de insectos o para tratar profilacticamente areas o plantas

susceptibles a los insectos con el proposito de conferir proteccién contra las

plagas de insectos.

.
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LISTADO DE SECUENCIAS
<110> Participaciones Syngenta AG

<120> Toxinas Cry3A Modificadas y Secuencias de Acido Nucleico que las Codifican
<130> 60085/PCT

<140>
<141>

<150> US 60/316421
<151> 2001-08-31

<160> 34
<170> Patentin Ver. 3.0

<210> 1

<211> 1932

<212> ADN

<213> Bacillus thuringiensis

<220>

<221> CDS

<222> (1)..(1932)

<223> Secuencia codificadora da cry3A natural de acuerdo con Sekar et al. 1987, Proc.
Natl. Acad. Sci. 84.7036-7040

<400> 1

atg aat ccg aac aat cga agt gaa cat gat aca ata asa act act gaa 48
Met Asn Pro Asn Asn Arg Ser Glu His Asp Thr lie Lys Thr Thr Glu

1 5 10 15

aat aat gag gig cca act aac cat gitcaa tatcct ttagecg gaaact 96
Asn Asn Glu Val Pro Thr Asn His Val Gin Tyr Pro Leu Ala Glu Thr
20 25 30

¢ca aat cca aca cta gaa gat tta aat tat aaz gag ittttaagaatg 144
Pro Asn Pro Thr Leu Glu Asp Leu Asn Tyr Lya Glu Phe Leu Arg Met
35 40 45




act gca gat aat aat acg gaa gca cta gat age tct aca aca aaa gat 192
Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys Asp
50 55 60

gtc att caa aaa ggc att tcc gta pta ggt gatcic ctaggcgtagta 240
Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val Val
65 70 75 80

pgt ttc ceg tt ggt gga geg cttgit teg tit tat aca aac Ht tta 288
Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Pha Tyr Thr Asn Phe Leu
85 90 a5

aat act att tgg cca agt gaa gac ceg tgg aag get fit atg gee caa 336
Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gin
100 105 110

gta gaa gca tig atg gat cag aaa ata get gat tat gca aaa aatapa 384
Val Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn Lys
115 120 125

get cit gca gag tta cag gge cit caa aat aat gic gaa gat tatgtg 432
Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr Val
130 135 140

agt gca ttg agt tca tgg caa aaa aat cct gtg agt tcacga aatcca 480
Sar Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn Pro
145 150 155 160

cat agc cag ggg cgg ata aga gag cig tit ict caa gcagaa agtcat 528
His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Ser His
185 170 175

tit cgt aat tca atg cct tcg tit gca att ict gga tac gag gttcta 576
Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val Leu
180 185 180

tit cta aca aca tatgcacaa getgccaac acacatttatittacta 624
Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Pha Leu Leu
195 200 205




aaa gac get caa ait tat gga gaa gaa tgg gga tac gaa aaa gaa gat 672
Lys Asp Ala Gin lle Tyr Gly Glu Giu Trp Gly Tyr Glu Lys Glu Asp
210 215 220

att gct gaa tit tat aaa aga caa cta aaa ctt acg caa gaa tatact 720
lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr Thr
225 230 235 240

gac cat tgt gic aaa tgg tat aat git gga tta gat aaa tta aga ggt 766
Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly
245 250 255

tca tct tat gaa tct tgg gta aac tit aac cgt tat cgc agagag atg 816
Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met
260 265 270

aca tta aca gta tia gat tta att gca cta tttcca ttg tat gat gtt =~ 864
Thr Leu Thr Val Leu Asp Lou lle Ala Leu Phe Pro Leu Tyr Asp Val
275 280 285

cpg cta lac cca aaa gaa gitaaa accgaa ftaacaagagacgittta 912
Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu
290 295 300

aca gat cca att gic gga gic aac aac ctt agg ggctat gga acaacc 960
Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr
305 310 315 320

ttc tct aat atg gaa aat tat alt cga aaaccacatctatitgactat 1008
Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp Tyr
325 330 335

clg cat aga alt caa ittt cac acg cgg tc caa cca gga tattatgga 1056
Leu His Arg lle Gin Phe His Thr Arg Phe GIn Pro Gly Tyr Tyr Gly
340 345 350

aat gac tct tic aat tat tgg tcc ggt aattat gt tcaactagacca 1104
Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro
356 360 365



agc ata pga tca aat gat ata atc aca tct eca fic tat gga aataaa 1152
Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly Asn Lys
aro 375 380

tcc agt gaa cot gta caa aat tia gaa tit aat gga gaa aaa gtetat 1200
Ser Ser Glu Pro Val GIn Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr
385 380 395 400

aga gcc gta gea aat aca aat ctt geg gie tgg ceg tec get gta tat - 1248
Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr
405 410 415

tca ggt git aca aaa gtg gaa it agc caa tat aat gatcaz acagat 1296
Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr Asp
420 425 430

gaa gca agt aca cag acg tac gac ica aas aga aatgltggcgeg gic 1344
Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val
435 440 445

agc tgg gat tet atc gat caa tg cct cca gaa aca aca gatgaacct 1392
Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu Pro
450 455 460

cta gaa aag goa tat agc cat caacic anttatigta atg tge ttttta 1440
Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Leu
485 470 475 480

atg cag ggt agt aga gga aca alc cca gtg tta act tgg aca cataaa 1488
Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr His Lys
485 490 495

agt gta gac (it ttt aac atg att gat tcg 2aa aaa attacacaactt 1536
Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr Gin Leu
500 5§05 510

ccq tia gta aag gea tat aag tta caa tct ggt get lecc git gte geca 1584
Pro Leu Vai Lys Ala Tyr Lys Leu Gin Ser Giy Ala Ser Val Val Ala
515 520 525



ggl cct agg tit aca gga gga gat atc att caa tgc aca gaa aatgga 1632
Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn Gly
530 535 540

agt geg gea act att tac gtt aca ccg gat gty teg tac tect caa aaa 1680
Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys
545 550 555 560

tat cga get aga att cat tat get tet aca tet cag ata aca titaca 1728
Tyr Arg Aia Arg lie His Tyr Ala Ser Thr Ser Gin lie Thr Phe Thr
565 570 575

ctc agt ita gac ggg gea cca ttt aat caa tac tat tic gat aaa acg 1776
Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lya Thr
580 585 590

ata aat aaa gga gac aca tta acg tat aat tca tit aat tta gca agt 1824
lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
595 600 605

ttc agc aca cca tic gaa tia tca gpg aat aac ttacea atagge gtc 1872
Phe Ser Thr Pro Phe Glu Lau Ser Gly Asn Asn Leu Gin lle Gly Val
610 615 620

aca gga tta agt gct gga gat aaa gt tat ala gac aaa att gaatit 1920
Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lie Asp Lys lle Glu Phe
625 630 635 640

att cca gtg aat 1932
lle Pro Val Asn

<210> 2

<211> 844

<212> PRT

<213> Bacillus thuringiensis

<400> 2
Met Asn Pro Asn Asn Arg Ser Glu His Asp Thr lle Lys Thr Thr Glu



1 S 10 15

Asn Asn Glu Val Pro Thr Asn His Val Gin Tyr Pro Leu Ala Giu Thr
20 25 30

Pro Asn Pro Thr Leu Glu Asp Leu Asn Tyr Lys Glu Phe Leu Arg Met
35 40 45

Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys Asp
50 55 80

val 1le Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val Val
65 70 75 80

Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe Leu
85 90 95

Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu Gin
100 105 110

Val Glu Ala Leu Met Asp Gin Lys lie Ala Asp Tyr Ala Lys Asn Lys
115 120 125

Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr Val
130 135 140

Ser Ala Lau Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn Pro
145 150 155 160

His Ser Gin Gly Arg lle Arg Glu Lau Phe Ser Gin Ala Glu Ser His
165 - 170 175

Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val Leu
180 185 190

Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu Leu
195 200 205

Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp
210 215 220



lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr Thr
225 230 235 240

Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly
245 250 255

Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met
260 265 270

Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr Asp Val
275 280 285

Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu
290 295 300

Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr
305 310 315 320

Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp Tyr
325 330 335

Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr Gly
340 345 350

Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro
355 360 365

Ser lle Gly Ser Asn Asp lie lle Thr Ser Pro Phe Tyr Gly Asn Lys
370 375 3a0

Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr
ass 390 395 400

Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr
405 410 415

Ser Gly Val Thr Lys Val Glu Phe Ser GIn Tyr Asn Asp Gln Thr Asp
420 425 430



Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val
435 440 445

Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu Pro
450 455 460

Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Leu
465 470 475 480

Met Gin Gly Ser Arg Gly Thr lie Pro Val Leu Thr Trp Thr His Lys
485 480 495

Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr Gin Leu
500 505 510

Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val Ala
515 520 525

Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn Gly
530 535 540

Ser Ala Ala Thr tle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys
545 550 5565 580

Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr Phe Thr
565 570 575

eu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lys Thr
580 585 590

lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
5§95 600 605

Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gin lle Gly Val
610 615 620

Thr Gly Leu Ser Ala Gly Asp Lys Vai Tyr lie Asp Lys lle Glu Phe
625 630 6835 840

lle Pro Val Asn



<210> 3

<211> 1803

<212> ADN

<213> Secuencia Artificial

<220>

<221> CDS

222> (1)..(1794)

<223> Secuencia codificadora de cry3A de malz optimizado

<400> 3

alg acg gce gac aac aac acc gag gec cig gac agc age acc scc aag ™ 48
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr ThrLys

1 5 10 15

gac gtg atc cag aag ggc atc agc gtggtg ggc gaccigclggge gty 96
Asp Val lle GIn Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

gtg ggc te cec tic gge gge gec cig gitg age ictac acc aactic 144
Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

clg aac ace ate tgg ccc age gag gac ccc tgg aag gecticatpgag 192
Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Giu
50 55 60

cag gtg gag gcc ctg atg gac cag aag aic gcc gac tac gec aag aac 240
Gin Val Glu Ala Leu Met Asp Gin Lys lie Ala Asp Tyr Ala Lys Asn
65 70 75 80

aaq geca oty gec gag cta cag ggc cte cag aac aac gig gag gactat 288
Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 95

gtg agc gee ctg age age tgg cag aag aac ccc gic tcg agccgecaac 336
Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn
100 105 110



CCC cac age cag gge cge atc cge gag ¢y tic age cag gec gag age 384
Pro His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Sar
115 120 125

cac tc cge aac age atg cec age tic gec atc age ggetac gag gtg = 432
His Phe Ang Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val
130 135 140

ctg tic ctg ace ace tac gec cag gocc gec sac acccaccigticcty 480
Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Pha Lau
145 150 155 160

ctg aag gac gec caa alc tac gga gag gag tgg ggc tac gagaaggag 528
Leu Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu
165 170 175

gac atc gee gag lte tac aag cge cag ctg aag ctgacccag gagtac 576
Asp lle Ala Glu Phe Tyr Lys Arg Glin Leu Lys Leu Thr Gin Glu Tyr
180 185 190

acc gac cac tge gtg aag tgg tac aac gig got cta gacaagciccge 624
Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
195 200 205

ggc agc age tac gag age tgg gtg aac tic aaccgctaccgcecgegag 672
Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
210 215 220

altg acc ctg acc gtg ctg gac cig atc gecclg ticcccclgtacgac 720
Met Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

gtp cge ctg tac ccc aag gag gtg aap acc gag clgaccegegac gl 768
Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val
245 250 255

clg acc gac cco atc gtg gge gig aac aac clg cge ggcltac ggcacc 816
Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
260 265 270

10
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acc tic agc aac atc gag aac tac atc cgc aag ccccacctgttcgac 864
Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pra His Leu Phe Asp
275 280 285

tac ctg cac cge atc cag tic cac acg cgt tic cag cccggetac tac 912
Tyr Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr
290 295 300

ggc aac gac agc tic aac tac tgg agc gge aac tac gtg agcaccege 960
Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
305 310 315 320

ccc age atc gge age aac gac atc atc acc age cec ttc tac ggc sac 1008
Pro Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly Asn
325 330 a3s

aag agjc agc gag ccc gty cag aac cit gag ttc aac ggc gag aag gtg 1056
Lys Ser Ser Glu Pro Val Glin Asn Leu Glu Phe Asn Gly Glu Lys Val
340 345 350

tac cgc goe gig get aac acc aac ctggec gty tgg cec tot gea gty 1104
Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val
355 360 365

tac agc gge gtg acc aag gtg gag tic agc cag tacaacgac cagacc 1152
Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gin Thr
370 375 380

gac gag gee agc acc cag acc tac gac age aag cge aac gtg ggcgec 1200
Asp Giu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala
385 380 395 400

gtg agc tgg gac agc atc gac cag cig cocc cce gag accaccgac gag 1248
Val Ser Trp Asp Ser tle Asp Gin Leu Pra Pro Glu Thr Thr Asp Glu
405 410 415

ccc ctg gag aag ggc tac age cac cag clg aac tac gig aigtge tic 1296
Pro Leu Glu Lys Cly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe
420 425 430

11



105

ctg alg cag gge age cge gge ace atc ccc gig ctg acc lggacccac 1344
Leu Met GIn Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr His
435 440 _ 445

aag agc gtc gac ttc tic aac atg atc gac agc aag aag atcacccag 1382
Lys Ser Val Asp Phe Phe Asn Met lile Asp Ser Lys Lys lla Thr Gin
450 455 460

clg cce cig gig aag gee tac aag cic cag age gge gec age gtg gt 1440
Leu Pro Lau Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val
465 470 475 480

gca ggce ccc ege tie ace gge gge gac ate atc cag tgc acc gag aac 1488
Ala Gly Pro Arg Phe Thr Gly Gly Asp lie lle Gin Cys Thr Glu Asn
485 490 485

ggc age gee gee ace atc tac gig ace ccc gac gig agctac agccag 1536
Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin
500 505 510

aag tac ege gec cge atc cac tac gec agc acc agccag atc accftc 1584
Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin ile Thr Phe
515 520 525

acc ctg age cty gac ggg gee cec tic aac caatactac ticgacaag 1632
Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lys
530 535 540

acc atc aac aag gge gac acc ctg acc tac sac agc ttc aac ctg gec 1680
Thr tie Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala
545 550 555 560

agc ttc age acc cct tic gag cig age gge aac aacciccagatcgge 1728
Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gin lle Gly
565 570 575

gig acc gge ctg age gee gge gac aag gip tac atc gacaagatcgag 1776
Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys lle Glu
580 585 590

12



tic atc ccc glg aac tag atctgaget 1803
Phe tle Pro Val Asn
595

<210> 4

<211> 597

<212> PRT

<213> Cry3A codificada por SEC ID NC:3.

<400> 4
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 a0

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Aan Phe
35 40 45

Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 §5 60

GIn Val Glu Ala Leu Met Asp Gin Lys lie Ala Asp Tyr Ala Lys Asn
85 70 75 a0

Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 80 895

Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn
100 105 110

Pro His Ser Gin Gly Arg lle Arg Giu Leu Phe Ser Gin Ala Glu Ser
115 120 125

His Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val
130 135 140

Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu

13



145 150 185 160

Leu Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu
165 170 175

Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr
180 185 190

Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
185 200 205

Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
210 215 220

Met Thr Leu Thr Val Leu Asp Leu tie Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

Val Arg Leu Tyr Pro Lys Glu Val Lya Thr Glu Lev Thr Arg Asp Val
245 250 255

Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
260 265 270

Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp
275 280 285

Tyr Leu His Arg lle Gin Phe His Thr Arg Pha Gin Pro Gly Tyr Tyr
290 295 300

Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
305 310 315 320

Pro Ser lle Gly Ser Asn Asp lle lie Thr Ser Pro Phe Tyr Gly Asn
325 330 335

Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val
340 345 350

Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val
355 360 365
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Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr
370 a7s 380

Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala
385 380 395 400

Val Ser Trp Asp Ser lla Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu
405 410 415

Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe
420 425 430

Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr His
435 440 445

Lys Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lya lie Thr Gin
450 455 460

Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val
465 470 475 480

Ala Gly Pra Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn
485 490 495

Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin
500 505 510

Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr Phe
515 520 525

Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lys
530 535 540

Thr l{e Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Pha Asn Leu Ala
545 550 555 560

Ser Phe Ser Thr Pro Phe Giu Leu Ser Gly Asn Asn Leu Gin lie Gly
565 570 575
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Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys lle Glu
580 585, 590

Phe lle Pro Val Asn
595

«210> §

<211> 7208

<212> ADN

<213> Secuencia Astificial

<220>
<221> misc_caracter
<223> pCIBB850

<400> 5

gatccaccat gacggecgac aacaacaceg aggeecigga cagcagcace accaaggacg 60
tgatccagaa gggcatcage gtggtggocg acctgeiggg cgtggtgage tecceticg 120
geggegecct ggtgagette tacaccaact tectgaacac catetggece agegaggace 180
cclggaagge citcatggag caggtggagg ceclgalgga ccagaagalc gecgactacg 240
ccaagaacaa ggcactggec gagetacagg gectccagaa caacgiggag gactatgtga 300
gcgecctgag cagetggeag aagaaceecy totegageeg caacceceecac agecagggee 360
geatccgega gotgticage caggecgaga gecacticeg caacageatg cocageticg 420
ccatcagegg ctacgaggtg ctgttcctga ccacctacge ccaggecges aacacccace 480
tgttcciget gaaggacgec caaatctacg gagaggagtg gogetacgag aaggaggaca 540
togecgagtt ctacaagege cagetgaage igacccagga gtacaccgac cactgegtga 500
agtggtacaa cgtgggicta gacaagctce geggeageag ctacgagage tgggtgaact 660
tcaaccgceta ccgocgegag atgacectga cegtgetgga cetgategee cigttceccee 720
tgtacgacgt gegoctgtac cccaaggagg tgaagaccga getgaccege gacgtgetga 780
ccgacceeat cgtgggegty aacaacctge geggetacgg caccacciic agcaacatcg 840
agaactacat ccgecaageec caccligtteg actacetgea cegeatecag tiecacacge 900
gittccagece cggctactac ggcaacgaca gelttcaacta ctggagegge aactacgiga 960
geacccgeee cagecategge agecaacgaca tcatcaccag ceectictac ggcaacaaga 1020
geagegagec cgtgcagaac citgagttca acggegagaa ggtgtacege geegtggeta 1080
acaccaacct ggccgigigg ceclclpcag tgtacagegg cgtgaccaag gtggagtica 1140
gceagtacaa cgaccagace gacgaggeca geacecagac ctacgacage aagegcaacg 1200
tgggegecgt gagetgggac ageatcgace agetgoccce cgagaccace gacgagecee 1260
tggagaaggg ctacagcecac cagetgaact acgigaigtg cticclgatg cagggeagee 1320
geggeaccat ccocegtgetg acctggaccee acaagagegt cgacticitc aacatgateg 1380
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acagcaagaa galcacccag ctgecectgg tgaaggecta caagetccag ageggegeca 1440
gegtggtgge aggeeceege ticaccggeg gegacatcat ccagtgeace gagaacggea 1500
gcgecgcecac catctacgtg acccccgacy tgagetacag ccagaagtac cgegecegea 1560
tccactacgc cagcaccagc cagatcacct tcaccetgag cetggacngg gececctica 1620
accaatacta citcgacaag accatcaaca agggegacac cetgacctac aacagceftca 1680
acctggecag cticageace cetttcgage tgageggeaa caaccteeag atcggegtga 1740
ccggectgag cgecggegac aaggtgtaca tcgacaagat cgagticate ceegtgaact 1800
agalctgagc tcaagatctg tigtacaaaa accagcaact cactgeactg cacttcactt 1860
cacttcaclg tatgaataaa agtctgotgt ctggtitcetg atcgatgact gactactcea 1920
ctttgtgcag aacttagtat gtatttgtat tigtaaaata ctictatcaa taasatttct 1980
aattcctaaa accaasatce agtgggtace gaaticactg geegtegttt tacaacgteg 2044
tgactgggaa aaccctggeg ttacccaact taatcgectt gcageacate ceectttege 2100
cagctggcegt aatagcgaag aggecegeac cgatcgeect teccaacagt tgegeageet 2160
gaatggegaa tggegeciga tgeggtatit tetecttacy catetgtgeg gtatttcaca 2220
ccgeatatgg tgeactetea gtacaatctg eictgatgec geatagttaa gecagececeg 2280
acacccgeca acaccegelg acgegeccetg acgpgcettgt ctgeiccegg catcegette 2340
cagacaagct gtgaccgtet ccgggagetg catgtgtcag aggtittcac cgteatcace 2400
gasacgcgeg agacgaaagg gectogtgat acgectatit ttataggtta atgtcatgat 2460
aataatggtt tettagacgt caggtggceac titcgggga aatgigegeg gaaccectat 2520
tigttiatit tictaaatac attcaaatat gtatcegcete atgagacaat aacccigata 2580
aatgciicaa taatattgaa asaggaagag tatgagtatt caacattice gtgtegecct 2640
tattecctit titgeggeat titgecttee tgtittiget cacccagaaa cgetggotgaa 2700
agtaaaagat gctgaagate agttoggtge acgagtgggt tacatcgaac tggatctcaa 2760
cagcggtaag atcctigaga gttttcgeee cgaagaacgt tticcaatga tgageactit 2820
taaagttctg ctatgtggeg cggtattate cegtattgac gecgggeaag ageaactegg 2880
tegcegeata cactattetc agaatgacit ggttgagtac tcaccagica cagaaaagea 2940
tcttacggat ggcatgacag taagagaatt atgcagtgcet gecataacca tgagtgataa 3000
caclgcggec aacitacttc tgacaacgat cggaggaccg aaggagetaa ccgettiitt 3060
gcacaacatg ggggatcatg taactegect tgategitgg gaaccggage tgaatgaage 3120
cataccaaac gacgagcgtg acaccacgat gectgtagea atggcaacaa cgitgecgecaa 3180
actattaact ggegaactac ttactctagce ttccoggeaa caattaatag actggatgga 3240
ggcggataaa gttgcaggac cacitetgeg cteggeectt coggetgget gotttatige 3300
igataaatct ggagceggty agcgtgggtie tegeggtate attgeageac tggggecaga 3360
tggtaagecc tecegtateg tagitateta cacgacgggg agicaggcaa ctatggatga 3420
acgaaataga cagatcgclg agataggige cteactgatt aagcattggt aactgtcaga 3480
ccaagtttac tcatatatac titagatiga ttaaaactt catittiaat ttaaaaggat 3540
ctaggtgaag atcctittty ataatctcat gaccaaaatc cctiaacgtg agttticgtt 3600
ccactgagceg tcagaceecy tagaaaagat caaaggatct tettgagatce cittttttct 3660
gegegiaatce tgctgetigc aaacaaaaaa accaccgeta cecageggtigg titgittgee 3720
ggatcangag ctaccaactc tttttccgaa ggtaactgge ticagcagag cgcagatace 3780
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aaatacigtc ctictagtgt agcegtagtt aggecaccac ticaagaact ctgtagcace 3840
gectacatac ctegetetge taatcctgtt accagtgget gotgecagty gegataagte 3900
gtgtcttace gggttggact caagacgata gttaccggat aaggegeage ggteggacty 3960
aacgggggagat tegigcacac ageceagett ggagegaacg acctacaccg aactgagata 4020
cclacagegt gagcetatgag aaagegecac geticccgaa gggagaaagg cggacaggta 4080
tccggtaage ggeagggteg gaacaggaga gegeacgagg gageticcag ggggaaacge 4140
ctggtatcit tatagtcetg teggattteg ccacetctga citgagegte gatttttgty 4200
atgctcgtca gggaggegga gectatggaa aaacgecage aacgeggect titacggtt 4260
cctggectit tgctggectt ttgetcacat gitctttect gogttatece cigatictgt 4320
ggataaccgt attaccgceet ttgagtgage tgataccget cgecgeagee gaacgacega 4380
gcgcagegag tecagtgageg aggaagegga agagegecca atacgcaaac cgecictece 4440
cgegegtigg cegatteatt aatgeagcetg geacgecagg tttceegact ggaaageggg 4500
cagtgagcgce aacgcaatta atgtgagtta getcacteat taggcaccce aggetitaca 4580
ctttatgctt ceggetegta tgtigtgtog aattptgage ggataaceat ttcacacagg 4620
aaacagctat gaccatgatt acgccaagct tgcacatgac aacaattgta agaggatgga 4660
gaccacaacy atccaacaat actictigega cgggcetgtga agtatagaga agttaaacge 4740
ccanaageca ttgigtitpg aatttitagt tatictatit itcatgatgt atettectct 4800

aacatgcctt aattigcaaa titggtataa clactgattg aaaatatatg tatgtaaaaa 4860
aatactaagc atatitgiga agctaaacat gatgttaiit aagaaaatat gtigttaaca 4920
gaataagatt aatatcgaaa iggaaacatc tgtaaattag aatcatctta caagctaaga 4980
gatgticacg cittgagaaa citcttcaga tcatgaccgt agaaglaget ciccaagact 5040
caacgaaggc tgcigcaatt ccacaaatgc atgacatgea tectigtaac cgtegtegee 5100
gctataaaca cggataactc aaticcetge tecatcaatt tagaaatgag caagcaagea 5160
cccgateget caceccatat gcaccaatet gactcecaag tetetgttic geattagtac 5220
cgecageact ccacctatag ctaccaattg agaccttice agectaagea gatcgatiga 5280
tcgttagagl caaagagttg gtggtacggg tactitaact accatggaat gatgpggegt 5340
gatgtagagc ggaaagegec teectacgeg gaacaacace ctegecatge cgetegacta 5400
cagcctccte ctogteggee geccacaacg agggageccy tggtcgeage caccgaccag 5460
catgtctctg tgtcctegte cgaccicgac atgicatgge aaacagtcgg acgecageac 5520
cagactgacg acatgagtct ctgaagagcc cgecacctag aaagateega gecetgetge 5580
tggtagtggt aaccatttic gtcgegcelga cgeggagage gagaggecay aaatttatag 5640
cgactgacge tgtggeagge acgetategg aggttacgac gtggegggle actegacgeg 5700
gagttcacag gtcctatcct tgcategcic gggecggagt acgggact tatcctiacg 5760
acgtgcteta aggttgegat aacgggegga ggaaggegly togegtgegg agacggtita 5820
tacacgtagt gtgcgggagt gtgtttcgta gacgegggaa ageacgacga citacgaagg 5880
ttagtggapg aggaggacac actaaaatca ggacgcaaga aacticticta ttatagtagt 5940
agagaagaga ttataggagt gtgggtigat tctasaagaaa alcgacgeag gacaacegte 6000
aaaacggglg ctitaatata gtagatatat atatatagag agagagagaa agtacaaagg 6060
atgcattigt gtctgcatat gatcggagta ttactaacgg ccgicgtaag aaggiccatc 6120
atgcgtggag cgagcccatt tggitggttg tcaggeegea gttaaggect ccatatatga 8180



igtogtegg geceataaca geatctecte caccagttita tiptaagaat aaattaagta 6240
gagatatitg tcgtcgggea gaagaaactt ggacaagaag aagaagcaag ctaggecaat 6300
ticttgcegg caagaggaag atagtggect ctagtitata tateggegtg atgatgatge 6360
tcctagctag aaatgagaga agaaaaacgg acgeptgitt ggtgtgtgte aatggegtee 6420
atccticcat cagatcagaa cgatgaaaaa gtcaagcacg geatgeatag tatatgtata 6480
gctigtitta gtgtggetit getgagacga atgaaagcaa cggegggeat atitticagt 8540
ggctgtaget ticaggetga aagagacgtg geatgcaata attcagggaa ttegtcagee 6800
aattgaggta gctagtcaac tigtacattg gtgegagcaa titicegeac tcaggaggge 6660
tagtitgaga giccaaaaac tataggapgat taaagaggct aaaatcetct cctiatitaa 6720
tittaaataa gtagtgtatt tgtattitaa ctectocaac cettecgatt tiatggetet 6780
caaactagca ttcagtctaa tgcatgeatg ctiggetaga gategtatgg ggttottaat 6840
agcatagcta getacaagtt aacegggtct titatatita ataaggacag gcaaagtatt 6900
acttacaaat aaagaataaa gctaggacgs aclcgtggat tettactaaa tegaaatgga 6960
cgtaatattc caggcaagaa taatigticg atcaggagac aagtggggea ttggaceggt 7020
tcttgcaage aagagectat ggegtggtga cacggegegt tgeccataca teatgectcc 7080
atcgatgatc catcetcact tgctataaaa agaggtgtee atggtgotca agctcageca 7140
agcaaataag acgactigtt tcatigatic ticaagagat cgagettctt tigcaccaca 7200
aggtcgag 7208

<210> 8

<211> 1801

<212> ADN

<213> Secuencia Artificial

<220>

<221> CDS

<222> (1)..(1791)

<223> Secuencia codificadora de cry3A054 de malz optimizado.

<220>

<221> misc_caracter

222> (322)..(333)

<223> Secuencia codificadora del sito de reconocimiento de catepsina G

<400> 6

atg acg gcc gac aac aac ace gag gec cig gac agec agcaccaccaag 48
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15
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gac gtg atc cag aag ggc atc age gtg gtg gge gaccigctggacgty 96
Asp Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

gig gge tte coe tic gge gge gee cig gig age tictac acc aac tic 144
Val Gly Phe Pro Phe Gly Gly Ata Leu Val Ser Phe Tyr Thr Asn Phe
a5 40 45

cig aac acc atc tgg ccc age gag gac coce tgg aag gectic atggag 192
Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 85 60

cag gig gag gee ctg atg gac cag aag atc gec gac tac gcc aag aac 240
Gin Val Glu Ala Leu Mst Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
65 70 75 80

aag gea ctyg goc gag cta cag gge cic cag aac aac gig gag gactat 288
Lys Ala Leu Ala Glu Leu Gin Gly Leu GIn Asn Asn Val Glu Asp Tyr
a5 80 a5

gtg agc gee ety age age tgg cag aag aac cec gotgeaccgticcee 336
Val Ser Ala |.eu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Pro
100 105 110

cac age cag ggce cge atc cge gag ctg ttc age cag gec gag agccac 384
His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Ser His
115 120 125

tic cgc aac agc atgcccage ticgec atcagegge tac gag qtgetg 432
Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val Leu
130 135 140

tic clg acc acc tac gec cag gec gec macacccacctgticctgetg 480
Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu Leu
145 150 155 160

aag gac gcc caa aic tac gga gag gag tgg ggc tac gag aag gag gac 528
Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp
165 170 175
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alc gece gag tic tac aag cgc cag ctg aag ctg acc cag gagtacace 576
lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr Thr
180 185 190

gac cac tgc gig aag tgg tac aac gtg ggt ctagac aag clccgegge 624
Asp His Cys Val Lys Trp Tyr Asn Vai Gly Leu Asp Lys Leu Arg Gly
195 200 205

age agc tac gag agce tgg gtg aac tic aac cge tac cgccgec gag atg 672
Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met
210 215 220

ace cig acc gig cty gac cig atc gecctgtic eec cig tacgac gty 720
Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr Asp Val
225 230 235 240

cgc ctg tae ccc aag gag gtg aag acc gag ctgacccgegacgtgetg 788
Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu
245 250 255

acc gac cce atc gtg ggce gtg aac aac ctg cge gge tac ggc accace 816
Thr Asp Pro lle Val Gly Val Asn Aan Leu Arg Gly Tyr Gly Thr Thr
260 265 270

ftc age aac atc gag aac tac atc cge aag ccc caccig ttcgactac 864
Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp Tyr
275 280 285

ctg cac cge alc cag ttc cac acg cgt tic cag cccggec tac tacgge 912
Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr Gly
280 295 300

aac gac agc ttc aac tac tgg age ggc aac tac gig agc acccgeecee . 960
Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro
305 310 315 320

agc atc gge age aac gac atc atc acc age cce tte tac gge aacaag 1008
Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly Asn Lys
325 330 335
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agc agc gag ccc gig cag aac cit gag tic aac ggc gag aag gtgtac 1056
Ser Ser Giu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr
340 345 350

cgc gee gtg get aac acc aac cig gee gig tgg cec totgea gig tac 1104
Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr
355 360 365

agc gge gty acc aag gtg gag tic age cag tac aac gac cag accgac 1152
Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gln Thr Asp
370 375 380

gag gec age ace cag acc tac gac age aag cgc aac gig ggegec gty 1200
Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val
385 390 395 400

agc tgg gac agc atc gac cag ctg ccc ccc gag acc accgacgagecc 1248
Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu Pro
405 410 415

ctg pag aag ggc tac age cac cag cig aac tac gig atg tgc ticctg 1296
Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Leu
420 425 430

atg cag ggc age cge ggce acc alc ccc gig clg ace tgg acc cac aag 1344
Met Gin Gly Ser Arg Gly Thr lie Pro Val Leu Thr Trp Thr His Lys
435 440 445

agc gtc gac ttc ttc aac alg atc gac agc aag aag atcacccagctg 1392
Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr Gin Leu
450 455 460

cce cig gig aag gee tac aag cic cag age ggc gec age pig gtggeca 1440
Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val Ala
465 470 475 480

ggc cce cge e ace gge ggc gac atc atc cag tgc acc gag aac gge 1488
Gly Pro Arg Phe Thr Gly Gly Asp (le fle Gin Cys Thr Glu Asn Gly
485 490 495
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age gee gec acc ate tac gtg ace cce gac gig age tac agec cag aag 1536
Ser Ala Ala Thr lla Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys
500 505 510

tac cgc gec cge atc cac tac gee age ace age cag atc accticace 1584
Tyr Arg Ala Arg lte His Tyr Ala Ser Thr Ser Gin lie Thr Phe Thr
515 520 525

ctg agc ctg gac ggg gee cee tte aac caa tac tac ttc gac aag acc 1632
Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lys Thr
530 535 540

atc aac aag gge gac acc ctg acc tac aac agc ttc aac ctg gccage 1680
lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
545 550 555 560

ttc agc acc cct tic gag ctg agc ggc aac aac ctccag aticgge gty 1728
Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gin lle Gly Val
565 570 575

acc gge ctg age gee gge gac aag gig tac atc gac aag atcgag tte 1776
Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys lie Glu Phe
580 585 590

atc ccc gig aac tag atctgagcete 1801
ile Pro Val Asn
595

<210> 7

<211> 586

<212> PRT

<213> Secuencia Artificial

<220>
<221> misc_cardcter
<222> (322)..(333)

<223> Secuencia codificadora del sitio de reconocimiento de catepsina G

<400> 7
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Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val lie GIn Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 0

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

L.eu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Giu
50 55 L]

Gin Va! Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 95

Val Ser Ala Leu Sar Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Pro
100 105 110

His Ser Gin Gly Arg lie Arg Glu Leu Phe Ser Gin Ala Glu Ser His
118 120 125

Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val Leu
130 135 140

Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu Leu
145 150 155 160

Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp
165 170 175

lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr Thr
180 185 190

Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly
195 200 205

Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met
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210 215 220

Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr Asp Val
225 230 235 240

Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu
245 250 255

Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr
260 265 270

Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp Tyr
275 280 285

Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr Gly
290 285 300

Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro
305 310 315 320

Ser lle Gly Ser Asn Asp !le lle Thr Ser Pro Phe Tyr Gly Asn Lys
325 330 335

Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr
340 5 350

Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr
355 360 365

Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr Asp
a7o 375 380

Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val
ass 380 395 400

Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu Pro
405 410 415

Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Leu
420 425 430
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Met Gin Gly Ser Arg Gly Thr |le Pro Val Leu Thr Trp Thr His Lys
435 440 445

Ser Val Asp Phe Phe Asn Met Ite Asp Ser _ys Lys lle Thr Gin Leu
450 455 460

Pro Leu Val Lys Ala Tyr Lys Leu GIn Ser Gly Ala Ser Val Val Ala
485 470 475 480

Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn Gly
485 490 495

Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys
500 505 510

Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr Phe Thr
515 520 525

Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp Lys Thr
530 535 540

lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
545 550 555 560

Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu GIn lle Gly Val
565 570 575

Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys lle Glu Phe
580 585 590

lle Pro Val Aan
595

<210> 8

<211> 1807

<212> ADN

<213> Secuencia Artificial
<220>
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<221> CDS
<222> (1)..(1806)

<223> Secuencia codificadora de cry3A055 modificada de maiz optimizado

<220>

<221> misc_carécter
<222> {322)..(333)
<223> Secuencia codificadora del sitio de reconocimienta de Catepsina G.

<400> 8

atg acg gee gac aac aac acc gag gec cig gac agc agc accaccaag 48
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

gac gtg atc cag aag ggc atc age gig gtg ggc gacctgctggacgtg 96
Asp Val lle GIn Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

gtg ggc ttc ccc tic gge pge gec ctg gtg age tictac acc aacttc 144
Vval Gly Phe Pro Pha Gty Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

ctg aac acc afc tgg ccc age gag gac cecctgg aag gec ftc atggag 192
Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

cag gty gag goc oty atg gac cag aag atc goc gac tac gec aag aac 240
Gin Vel Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
65 70 75 80

aag gca cig gee gag cta cag ggce cic cag aac aac gig gag gactat 288
Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 95

atg age gee cig age age tgg cag aag aac cec getgecacegticege 336
Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Arg
100 105 110

aac ccc cac age cag gge cge alc cgo gag cig ficagc caggecgag 384
Asn Pro His Ser Gin Gly Arg lie Arg Glu Leu Phe Ser Gin Ala Glu
115 120 125
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agc cac ttc cgc aac agc atg cce age tic gee atc age gge tacgag 432
Ser His Phe Arg Asn Ser Met Pra Ser Phe Ala lle Ser Gly Tyr Glu
130 135 140

gig clg tic ctg ace acc tac gee cag gec gec aacacccaccigttc 480
Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe
145 150 155 160

cig ctg aag gac gec caa atc tac gga gag gag tgg ggc tacgagaag 528
Leu Leu Lys Asp Ala Gin ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 17€

gag gac atc gee gag tic tac aag cgc cag clg aagcigacccaggag 576
Glu Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu
180 185 180

tac acc gac cac tgc gig aag tgg tac aac gig ggt cta gac aag clc 624
Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

cgc ggc age age tac gag age tgg gtg aac ttc aaccgetaccgocge 672
Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

gag atg acc ctg acc gig cig gaccig aic goc cigticcccetgtac 720
Glu Met Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr
225 230 235 240

gac gig cgc cig tac coe aag gag gtg aag acc gag clgacccgegac 768
Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255

gtg ctg acc gac cce atc gtg ggc gig aac aac ctgcge gge tac gge 816
Val Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 265 270

acc acc ttc agc aac alc gag aac fac aic cgc aag ccccacetgtic 864
Thr Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe
275 280 285
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gac tac clg cac cge atc cag tie cac acg cgt te cag cecggo tac 912
Asp Tyr Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr
290 295 300

tac ggc aac gac agce tic aac tac tgg agc ggc aac tac gig agcacc 960
Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

cgCc cce agc atc gge age aac gac atc alc acc agc cectictac gge 1008
Arg Pra Ser lie Gly Ser Asn Asp lte lle Thr Ser Pro Phe Tyr Gly
325 330 335

aac sag agc age gag cce gig cag aac cit gag thc aac ggcgagaag 1056
Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys
340 345 L)

gtg tac cgc goc gig get aac acc aac ctggec gigtggccc tetgea 1104
Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 365

gtg tac age ggce gtg acc aag gig gag tic agc cag tac aac gaccag 1152
Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin
370 375 380

acc gac gag gcc age ace cag acc tac gac agc aagcgc aac gtggge 1200
Thr Asp Giu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly
ass 380 395 400

gec gig age tgg gac age alc gac cag ctg cco cce gag acc accgac 1248
Ala Val Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp
405 410 415

gag ccc clp gag aag ggc tac agc cac cag ctg aac tac gig algtge 1296
Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Lau Asn Tyr Val Met Cys
420 425 430

tic ctg atg cag gge age cge gge ace atc cce gig ctg acctgg acc 1344
Phe Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr
435 440 445
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cac aag agc gtc gac Hc tic aac atg atc gac agc aag aagatcacc 1392
His Lys Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr
450 455 460

cag cig ccc ctg gig aag gee tac aag cic cag agc ggcgecage gty 1440
Gin Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val
465 470 475 480

gtg gea gge ccce cge tte ace gge gge gac ate alc cag tge acc gag 1488
Val Ala Gly Pra Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu
485 490 485

aac ggc agc goc gec acc atc tac gtg ace ccc gac gig agctacage 1536
Asn Gly Ser Ala Ala Thr lle Tyr Val Thr Pra Asp Val Ser Tyr Ser
500 505 510

cag aag tac cgc goe cge atc cac tac goe age ace age cag atc ace 1584
Gin Lys Tyr Arg Ala Arg lie His Tyr Ala Ser Thr Ser Gin lle Thr
515 520 525

tic acc ctg age ctg gac ggg gee cec tic aac caa tac tac ftc gac 1632
Phe Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp
530 535 540

aag acc atc aac aag ggc gac acc ctg acc tac aac agc ticaacctg 1680
Lys Thr lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu
545 550 555 560

gec age ttc age acc cct tic gag ctg age gge aac aacctccag atc 1728
Ala Ser Phe Ser Thr Pro Phe Giu Leu Ser Gly Asn Asn Leu Gin lle
565 570 575

ggc gtg acc ggc ctg age gec gge gac aag gig tac atc gac aag ate 1776
Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys lie
580 585 590

gag Wtc atc ccc gig aac tag atc tga get ¢ 1807
GluPhelleProvalAsn lle Ala
595 600
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<210> 9

<211> 598

<212> PRT

<213> Secuencia Artificial

<220>

<221> misc_caracter

<222> (322)..(333)

<223> Secuencia codificadora del sitio de reconocimlento de Catepsina G.

<400> 9
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gin Val Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 95

Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Arg
100 105 110

Asn Pro His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu
115 120 125

Ser His Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu
130 135 140
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Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe
145 150 155 160

Leu Leu Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 179

Glu Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu
180 185 190

Tyr Thr Asp His Cys Vai Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

Glu Met Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr
225 230 235 240

Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255

Val Leu Thr Asp Pro lle Val Gly Val Asn Asn Lau Arg Gly Tyr Gly
260 265 270

Thr Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe
275 280 285

Asp Tyr Leu His Arg lie Gin Phe His Thr Arg Phe Gin Pro Gly Tyr
290 295 300

Tyr Gly Aan Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Arg Pro Ser lla Gly Ser Asn Asp lle lie Thr Ser Pro Phe Tyr Gly
325 330 335

Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
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355 360 365

Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gln Tyr Asn Asp Gin
3ro 375 380

Thr Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 380 395 400

Ala Val Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp
405 ° 410 415

Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Mat Cys
420 425 430

Pha Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr
435 440 445

His Lys Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr
450 455 460

Gin Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val
465 470 475 480

Val Ala Gly Pro Arg Phe Thr Gly Gly Asp lie lle Gin Cys Thr Glu
485 480 495

Asn Gly Ser Ala Ala Thr lle Tyr Val Thr Fro Asp Val Ser Tyr Ser
500 505 510

Gin Lys Tyr Arg Ala Arg lla His Tyr Ala Ser Thr Ser Gin lle Thr
515 520 525

Phe Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Tyr Phe Asp

530 535 540

Lys Thr lla Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu
545 550 555 560

Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gin lle
565 570 575
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Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys lle
580 585 590

Glu Phe lle Pro Val Asn
595

<210> 10

<211> 1818

<212> ADN

<213> Secuencia Artificlal

<220>

<221> CDS

<222> (1)..(1818)

<223> Secuencia codificadara cry3A085 modifilcada aptimizada de malz.

<220>

<221> misc_caracter

<222> (346),.(357)

<223> Secuencla Codificadora del sitio de reconocimiento G.

<400> 10

atg aac tac aag gag ttc ctc cge atg accgec gac aac aacaccgag 48
Met Asn Tyr Lys Glu Phae Leu Arg Met Thr Ala Asp Asn Asn Thr Glu

1 5 10 15

gee cig gac age age acc ace aag gac gig atc cag aag ggcatcagec 96
Ala Leu Asp Ser Ser Thr Thr Lys Asp Val lle Gin Lys Gly lle Ser
20 25 0

gtg gtg ggc gac cig ctg ggc otg gtg gge tie ccc ticgge ggegec 144
Val Val Gly Asp Leu Leu Gly Val Val Gly Phe Pro Phe Gly Gly Ala
35 40 45

ctg gtg age ttc tac acc aac tic ctg aac acc atc tgg cccagcgag 192
Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn Thr lle Trp Pro Ser Glu
50 55 60

gac ccc tgqg aag gec ttc atg gag cag gig gag geccig atggaccag 240
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Asp Pro Trp Lys Ala Phe Met Glu Gin Val Glu Ala Leu Met Asp Gin
65 70 75 80

aag afc gcc gac tac gec aag aac aag gea cig gec gag ctacag ggc 288
Lys lie Ala Asp Tyr Ala Lys Asn Lys Ala Leu Ala Glu Leu Gin Gly
a5 90 95

ctc cag aac aac gtg gag gac tat gig agc gcc ctg agc agctggcag 336
Leu Gin Asn Asn Val Glu Asp Tyr Val Ser Ala Leu Ser Ser Trp GIn
100 105 110

aag aac cee got gea ceg te cge aac coc cac age cag ggecge ate . 384
Lys Asn Pro Ala Ala Pro Phe Arg Asn Pro His Ser Gin Gly Arg lle
115 120 125

cgc gag cig thc age cag goc gag age cac itc cgc aac agc atgcec 432
Arg Glu Leu Phe Ser Gin Ala Glu Ser His Phe Arg Aan Ser Met Pro
130 135 140

agc tic gee atc age gge tac gag gig cig e ctg acc acctacgec 480
Ser Phe Ala lie Ser Gly Tyr Glu Val Leu Phe Leu Thr Thr Tyr Ala
145 150 155 160

cag gcc gee aac ace cac cig tie ctg ctg aag gac gecccaa atctac 528
Gin Ala Ala Asn Thr His Leu Phe Leu Leu Lys Asp Ala Gin lie Tyr
165 170 175

gga gag gag tgg ggc tac gag aag gag gac etc gccgag tictacaag 576
Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp lla Ala Glu Phe Tyr Lys
180 185 190

cge cag clg aag ctg acc cag gag tac acc gaccac igc gig aag tgg 624
Arg GIn Leu Lys Lau Thr Gin Glu Tyr Thr Asp His Cys Val Lys Trp
185 200 205

tac eac gtg ggt cta gac aag cic cge ggec agc agectacgagagetgg 672
Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly Ser Ser Tyr Glu Ser Trp
210 215 220

gtg aac He aac cge tac cge cge gag atg acccig acc gig ctggac ™ 720
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Val Asn Phe Asn Arg Tyr Arg Arg Glu Mel Thr Leu Thr Val Leu Asp
225 230 235 240

ctg atc gee ctg tic coc cig tac gac gig cge ctg tac ccc aaggag ™ 768
Leu lie Ala Leu Phe Pro Leu Tyr Asp Val Arg Leu Tyr Pro Lys Glu
245 250 255

otg aag acc gag ctg acc cge gac gtg ctg acc gacccc atcgiggge 816
Val Lys Thr Glu Leu Thr Arg Asp Val Leu Thr Asp Pro lle Val Gly
260 2865 270

gtg aac aac clg cge gge tac gge acc acc tic age aac atc gap aac 864
Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr Phe Ser Asn lle Glu Asn
275 280 285

tac atc cgc aag ccc cac cig tic gac tac clg caccgcatlccagtic 912
Tyr lle Arg Lys Pro His Leu Phe Asp Tyr Leu His Arg lle Gin Phe
290 295 300

cac acg cgt ttc cag cce gge tac tac gge azc gac age ftc aac tac 960
His Thr Arg Phe Gin Pro Gly Tyr Tyr Gly Asn Asp Ser Phe Asn Tyr
305 310 315 320

gg agc ggce aac tac gig agc ace cge ccc age atc ggc agc aacgac 1008
Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser lle Gly Ser Asn Asp
325 330 335

alc atc acc age cec ttc tac gge aac aag age agec gag ccc gigcag 1056
Ite lie Thr Ser Pro Phe Tyr Gly Asn Lys Ser Ser Glu Pro Val Gin
340 345 350

aac ctt gag tic aac ggc gag aag gtg tac cgc gee gty pet aac acc 1104
Asn Leu Glu Phe Asn Gly Glu Lys Vail Tyr Arg Ala Val Ala Asn Thr
385 360 365

aac ctg gee gtg tgg cce fot gea gig tac age gge gig accaag gt 1152
Asn Leu Ala Val Trp Pro Ser Ala Val Tyr Ser Gly Val Thr Lys Val
370 375 380

gag tic age cag tac aac gac cag acc gac gag gce age acc cag acc 1200
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Glu Phe Ser GIn Tyr Asn Asp GIn Thr Asp Glu Ala Ser Thr Gin Thr
385 390 395 400

tac gac age aag cge aac gtg ggc gec gty age tgg gac age alcgac 1248
Tyr Asp Ser Lys Arg Asn Val Gly Ala Val Ser Trp Asp Ser lle Asp
405 410 415

cag ctg ccc cee gag ace ace gac gag cco ctg gag aag ggc tac agc 1296
Gin Leu Pro Pro Glu Thr Thr Asp Glu Pro Leu Glu Lys Gly Tyr Ser
420 425 430

cac cag ctg aac tac gig atg tgc ttc ctg atg cag ggc agc cgegge 1344
His Gin Leu Asn Tyr Val Met Cys Phe Leu Met Gin Gly Ser Arg Gly
435 440 445

acc atc cece gig cig ace tgg ace cac aag age gic gacttc tic aac 1392
Thr lle Pro Val Leu Thr Trp Thr His Lys Ser Val Asp Phe Phe Asn
450 455 460

atg atc gac age aag aag ate ace cag cig ccc cig gig aag gec tac 1440
Met lle Asp Ser Lys Lys lle Thr Gin Leu Pro Leu Val Lys Ala Tyr
465 470 475 480

aag cic cag agc ggc gee age gtg gtg gea gge ceccge ticacc gge 1488
Lys Leu Gin Ser Gly Ala Ser Val Val Ala Gly Pro Arg Phe Thr Gly
485 490 495

ggc gac atc atc cag tge ace gag aac gge age gec gec accatc tac 1536
Gly Asp lie lle Gin Cys Thr Glu Asn Gly Ser Ala Ala Thr lle Tyr
500 505 510

glg acc ccc gac gtg age tac agec cag aag taccgc geccgcatccac 1584
Val Thr Pro Asp Val Ser Tyr Ser Gin Lys Tyr Arg Ala Arg lle His
515 520 525

tac gcc age ace age cag ate acc tic acc ctg age ctg gac ggg gec 1632
Tyr Ala Ser Thr Ser Gin lle Thr Phe Thr Leu Ser Leu Asp Gly Ala
530 535 540

ccc tic aac caa tac tac tic gac aap acc atc aac aag ggc gacacc 1680
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Pro Phe Asn Gin Tyr Tyr Phe Asp Lys Thr lle Asn Lys Gly Asp Thr
545 550 555 560

ctg acc tac aac age ttc aac cig gec age tic agc acc ceificgag 1728
Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu
565 570 575

ctg age ggce aac aac cfe cag atc gge gtg acc gge ctg age gece gge 1776
Leu Ser Gly Asn Asn Leu Gin lle Gly Val Thr Gly Leu Ser Ala Gly

580 585 590
gac aag gtg tac atc gac aag atc gag ttc ate ccc gig aac 1818
Asp Lys Val Tyr lle Asp Lys lle Glu Phe lie Pro Val Asn
595 600 605
<210> 11
<211> 606
<212> PRT

<213> Secusncia Artificial

<220>
<221> misc_caricter
<222> (348)..(357)

<223> Secuencia codificadora del sitio de reconocimiento de Catepsina G.

<400> 11
Met Asn Tyr Lys Glu Phe Leu Arg Met Thr Ala Asp Asn Asn Thr Glu
1 5 10 15

Ala Leu Asp Ser Ser Thr Thr Lys Asp Val lie Gin Lys Gly lle Ser
20 25 30

Val Val Gly Asp Leu Leu Gly Val Val Gly Phe Pro Phe Gly Gly Ala
a5 40 45

Leu Val Ser Phe Tyr Thr Asn Phe Leu Asn Thr lle Trp Pro Ser Glu
50 55 €0

Asp Pro Trp Lys Ala Phe Met Glu Gin Val Glu Ala Leu Met Asp Gin
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65 70 75 8o

Lys lle Ala Asp Tyr Ala Lys Asn Lys Ala Leu Ala Giu Leu Gin Gly
85 90 95

Leu GiIn Asn Asn Val Glu Asp Tyr Val Ser Ala Leu Ser Ser Trp Gln
100 105 110

Lys Asn Pro Ala Ala Pro Phe Arg Asn Pro His Ser Gin Gly Arg lle
115 120 125

Arg Glu Leu Phe Ser Gin Ala Glu Ser His Phe Arg Asn Ser Met Pro
130 135 140

Ser Phe Ala lle Ser Gly Tyr Glu Val Leu Phe Leu Thr Thr Tyr Ala
145 150 155 160

Gin Ala Ala Asn Thr His Leu Phe Leu Leu Lys Asp Ala Gin lle Tyr
165 170 175

Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp lie Ala Glu Phe Tyr Lys
180 185 190

Arg Gin Leu Lys Leu Thr GiIn Glu Tyr Thr Asp His Cys Val Lys Trp
195 200 205

Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly Ser Ser Tyr Glu Ser Trp
210 215 220

Val Asn Pha Asn Arg Tyr Arg Arg Glu Met Thr Leu Thr Val Leu Asp
225 230 235 240

Leu lle Ala Leu Phe Pro Leu Tyr Asp Val Arg Leu Tyr Pro Lys Glu
245 250 255

Val Lys Thr Glu Leu Thr Arg Asp Val Leu Thr Asp Pro lle Val Gly
260 265 270

Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr Phe Ser Asn lle Glu Asn
275 280 285

39



Tyr lle Arg Lys Pro His Leu Phe Asp Tyr Leu His Arg lle Gin Phe
290 295 300

His Thr Arg Phe Gin Pro Gly Tyr Tyr Gly Asn Asp Ser Phe Asn Tyr
305 310 315 320

Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro Ser lle Gly Ser Asn Asp
325 330 335

lle lla Thr Sar Pro Phe Tyr Gly Asn Lys Ser Ser Glu Pro Val Gin
30 345 350

Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr Arg Ala Val Ala Asn Thr
355 360 385

Asn Leu Ala Val Trp Pro Ser Ala Val Tyr Ser Gly Val Thr Lys Val
370 375 380

Glu Phe Ser Gin Tyr Asn Asp GIn Thr Asp Glu Ala Ser Thr Gin Thr
385 390 395 400

Tyr Asp Ser Lys Arg Asn Val Gly Ala Val Ser Trp Asp Ser lle Asp
405 410 415

Gin Leu Pro Pro Giu Thr Thr Asp Glu Pro Leu Glu Lys Gly Tyr Ser
420 425 430

His Gln Leu Asn Tyr Val Met Cys Phe Leu Met Gin Gly Ser Arg Gly
435 440 445

Thr lle Pro Val Leu Thr Trp Thr His Lys Ser Val Asp Phe Phe Asn
450 455 480

Met lie Asp Ser Lys Lys lle Thr Gin Leu Pro Leu Val Lys Ala Tyr
465 470 475 480

Lys Leu Gin Ser Gly Ala Ser Val Val Ala Gly Pro Arg Phe Thr Gly
485 490 495

40



Gly Asp lie lie Gin Cys Thr Glu Asn Gly Ser Ala Ala Thr lie Tyr
500 505 510

Val Thr Pro Asp Val Ser Tyr Ser Gin Lys Tyr Arg Ala Arg lle His
515 520 525

Tyr Ala Ser Thr Ser Gln lle Thr Phe Thr Leu Ser Leu Asp Gly Ala
530 535 540

Pro Phe Asnh GIn Tyr Tyr Phe Asp Lys Thr lie Asn Lys Gly Asp Thr
545 550 555 560

Leu Thr Tyr Asn Ser Phe Asn Leu Ala Sar Phe Ser Thr Pro Phe Glu
565 570 575

Leu Ser Gly Asn Asn Leu Gin lle Gly Val Thr Gly Leu Ser Ala Gly
580 585 590

Asp Lys Val Tyr lle Asp Lys lle Glu Phe lle Pro Val Asn
595 600 605

<210> 12

<211> 1794

<212> ADN

<213> Secuencia Artificial

<220>
<221> CDS
<222> (1)..(1794)

<223> Secuencia codificadora de cry3A082 modificado optimizado.

<220>
<221> misc_caracter
<222> (1609)..{1620)

<223> Secuencia codificadora del sitio de reconocimiento de Catepsina G

<400> 12

atg acg gce gac aac aac acc gag gec ctg gac age age Bce acc aag
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
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1 5 10 15

gac gty alc cag aag ggc atc agc gtg gtg ggc gacclgctgogcgtg 96
Asp Val lle Gin Lys Gly lle Ser Val Val Cly Asp Leu Leu Gly Val
20 25 30

gtg gge ttc cce tic gge gge gee cig gig age tic tac acc aac tte 144
Vval Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

ctg aac acc atc tgg ccc age gag gac ccc tgg aag gec ticaiggag 192
Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Giu
50 55 60

cag gtg gag gec cig aty gac cag aag atc goc gac tac gec aag aac 240
Gin Val Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
65 70 75 80

aag gca ctg gee gag cta cag gge cic cag aac aac gig gag gactat 288
Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 95

gtg age gee ctg age age tgg cag aag aac cce gtc teg agc cgcaac 336
Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn
100 105 110

cCC cac age cag gge cge atc cge gag cig tic age cag gec gag age 384
Pro His Ser GIn Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Ser
115 120 125

cactic cgc aac agcatgcccage ticgeccatcagegge tac gaggtg 432
His Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Giu Val
130 135 140

ctg ttc cig acc acc tac gecc cag gecgec sacacccacctgttc et 480
Leu Pha Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu
145 150 155 160

clg aag gac gec caa atc tac gpa gag gag tgg gge tac gag aeg gag 528
Leu Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu
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165 170 175

gac atc gec gag tic tac aag cge cag ctg aag ctg acc cag gag tac 576
Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr
180 185 180

acc gac cac tgc gtg aag tgg tac aac gig got cta gac aagciccgc 624
Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
195 200 205

goc age age tac gag age tgg gtg aac tic aac cgc tac cgccgecgag 672
Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
210 215 220

atg acc ctg acc gtg cig gac ctg ate gec cig tic cecctg tacgac 720
Met Thr Leu Thr Val Leu Asp Leu lie Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

gtg cge ctg tac cec aag gag gtg aag acc gag clg accecgogacglg 768
Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val
245 250 255

clg acc gac ccc atc gtg gge gtg aac aac ctg cge gge tac ggcacc 816
Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
260 265 270

acc ttc age aac atc gag aac tac atc cgc aag cec caccig ticgac 864
Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pra His Leu Phe Asp
275 280 285

tac ctg cac cge atc cag tic cac acg cgt tic cagcccggo tactac 912
Tyr Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr
290 295 300

ggc aac gac age tic aac tac tgg age ggc aac tac gig agc acccge 960
Gly Asn Asp Ser Phe Aan Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
305 310 315 320

cce age atc gge age aac gac atc ate ace age cce ttc tac ggcaac 1008
Pro Ser lle Gly Ser Asn Asp lle lle Thr Ser Pra Phe Tyr Gly Asn
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325 330 335

aag agc agc gag ccc glg cag aac cit gag ttc aac gge gag aag gtg 1056
Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val
340 345 350

tac cgc gee gtg get aac acc aac ctg gecgtg tggccc tetgecagty 1104
Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val
355 360 3685

tac agc gge gtg acc aag gtg gag tic age cag tac aac gac cag acc 1152
Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr
aro 375 380

gac gag gee age ace cag acc tac gac age aag cgc aac gigggcgec 1200
Asp Glu Ala Ser Thr Gln Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala
385 390 395 400

gty agc tgg gac age atc gac cag ctg ccc cce gag acc acc gac gag 1248
Val Ser Trp Asp Ser |le Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu
405 410 415

cce cig gag aag ggce tac age cac cag ctg aac tac gig atg tgeo tte 1296
Pro Leu Gly Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe
420 425 430

ctg atg cag ggc age cgc gge acc atc cee gig cig acc igg acccac 1344
Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr His
435 440 445

aag age gtc gac e tte aac atg ate gac age aag aag atcacccag 1392
Lys Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr Gin
450 455 460

ctg cce ctg gtg aag gee tac aag cte cag age gge gec age gtg gtg 1440
Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val
465 470 475 480

gca ggc cce cgc tie ace gge gge gac ate atc cag tge acc gag aac 1488
Ala Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn
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485 490 495

ggc age gee gee ace atce tac gtg ace cocc gac gig agctac age cag 1536
Gly Ser Ala Ala Thr lie Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin
500 505 510

aag tac cgc gee cge ate cac tac goc age acc agc cag aic acctic 1584
Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr Phe
515 520 525

acc cig age cig gac ggg gec cec get gea cog tte tac ttc gac aag 1632
Thr Leu Ser Leu Asp Gly Ala Pro Ala Ala Pro Phe Tyr Phe Asp Lys
530 535 540

acc atc aac aag ggc gac acc cig acc tac aac age tic aac ctg gcc 1680
Thr lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala
545 550 555 560

agc tic agc acc cct tic gag ctg age ggc aac aac clccagatcgge 1728
Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gin lle Gly
585 570 575

gtg ace ggc ctg age gee gge gac aag gtg tac atc gacaagatcgag 1776
Va) Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys lle Glu
580 585 590

ttc ate cee gty aac tag 1794
Phe lle Pro Val Asn
595

<210> 13

<211> 597

<212> PRT

<213> Sacuencia Artificial

<220>
<221> misc_caracter
<222> (1609)..(1620)

<223> Secuencla codificadora del sitio de reconocimiento de Catepsina G
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<400> 13
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val lle Gin Lys Gly lie Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr lie Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gin Val Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 80 95

Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn
100 105 110

Pro His Ser Clin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Ser
115 120 125

His Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val
130 135 140

Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu
145 150 155 160

Leu Lys Asp Ala Gin lle Tyr Gly Glu Giu Trp Gly Tyr Glu Lys Glu
165 170 175

Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr
180 185 180

Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
195 200 205



Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
210 215 220

Met Thr Leu Thr Val Leu Asp Leu lie Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val
245 250 255

Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
260 265 270

Thr Phe Ser Asn lie Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp
275 280 285

Tyr Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr
290 295 300

Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
305 310 315 320

Pro Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly Asn
325 330 335

Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val
340 345 350

Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val
355 360 365

Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr
370 375 380

Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala
ags 390 395 400

Val Ser Trp Asp Ser lle Asp GIn Leu Pro Pro Glu Thr Thr Asp Glu
405 410 415
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Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe
420 425 430

Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr His
435 440 445

Lys Ser Val Asp Phe Phe Asn Met lie Asp Ser Lys Lys lie Thr Gin
450 455 460

Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val
485 470 475 480

Ala Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn
485 490 495

Gly Ser Ala Ala Thr lie Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin
500 505 510

Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr Phe
515 520 525

Thr Leu Ser Leu Asp Gly Ala Pro Ala Ala Pro Phe Tyr Phe Asp Lys
530 535 540

Thr lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala
545 550 555 560

Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gin lle Gly
565 570 575

Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp Lys fle Glu
580 585 590

Phe lle Pro Val Asn

595

<210> 14
<211> 1818
<212> ADN
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<213> Secuencia Artificial

<220>

<221> CDS

<222> (1)..{1812)

<223> Sacuencia codificadora cry3dA058 madificada de maiz optimizado.

<220>

<221> misc_carécter

<222> (1621)..(1632)

<223> Secuencia codificadora de reconocimiento de Catepsina G
<400> 14

atg acg gcc gac aac aac ace gag gec cig gac agc agc accaccaag 48
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys

1 5 10 15

gac gig atc cag aag gge atc age gig gig ggc gaceigctggge oty 96
Asp Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

gig ggc ttc cee tic gge gge gec cig gtg age tic tac acc mac ttic 144
Val Gly Phe Pro Pha Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

ctg aac acc ate tgg ccc age gag gac cee tgg aag gec ttcatggag 192
Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
80 55 60

cag gtg gag gcc cty atg gac cap aag atc gcc gac tac gcc aagaac 240
Gin Val Glu Ala Leu Met Asp Gin Lys lie Ala Asp Tyr Ala Lys Asn
65 70 75 80

aag gca cig gee gag cta cag gge cic cag aac aac gig gag gactat 288
Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 85

gtg age gec cly age agce tgg cag aag aac ccc gic iog agccgc aac 336
Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Val Ser Ser Arg Asn
100 105 110
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tcc cac age cag gge cge atc cge gag ctg tic age cag gec gag age 384
Pro His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Ser
115 120 125

cac He cge aac agc atg ccc age tic goc atc age ggc tac gag gtg 432
His Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val
130 135 140

cip tic ctg acc acc tac gee cag gec gec aac acceacctgticcly 480
Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu
145 150 155 160

clg aag gac gce caa atc tac gpa geg gag tgg goc tac gag aag gag 528
Leu Lys Asp Ala Gln Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu
165 170 175

gac atc gee gag tc tac aag cge cag ctg aag cip acccaggagtac 576
Asp lie Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr
180 185 190

acc gac cac tgc gtg aag tgg tac aac gig ggt cta gacaagctccge 624
Thr Asp His Cys Val Lys Trp Tyr Asn Vai Gly Leu Asp Lys Leu Arg
195 200 205

ggc age agc tac gag agc tgg gig aac tic aac cge lac cgccgcpag 672
Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
210 215 220

atg ace ciy ace gtg ciy gac cig atc gec cig e cec etg tacgac 720
Met Thr Leu Thr Val Leu Asp Leu lla Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

gtg cgc cig tac coce aag gag gig aapg accgagcigaccegegacplg 768
Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val
245 250 255

ctg acc gac cce ate gtg ggc gig aac aac cig cgec ggc tac ggcacc 816
Leu Thr Asp Prao lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
260 265 270
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acc tic agc aac atc gag aac tac atc cgc aag ccccacctg ticgac 864
Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp
275 280 285

tac cig cac cge atc cag tic cac acg cgtticcagcecggctactac 912
Tyr Leu His Arg lie GIn Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr
230 205 300

gocC aac gac age tic aac tac tgg age gge aac tac gtg agcacccge 960
Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
305 310 315 320

ccc age atc gge age aac gac atc atc ace age cec tic tac ggec aac 1008
Pro Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly Asn
325 330 335

aag agc agc gag ccc gig cag aac ctt gag tic aac ggc gag aag gtg 1056
Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val
340 345 350

tac cgc gee ptg get aac acc aac clg gec gigtpg cec tetgca gty 1104
Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val
355 380 365

tac agc ggc gtg acc aag gig gag ttc age cag tac pac gaccagace 1152
Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr
370 375 380

gac gag gce age acc cag ace tac gac age aag cge aac gig ggc gee 1200
Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala
385 390 395 400

gtg age tgg pac age atc gac cag cig ccccee pag acc acc gac gag 1248
Val Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu
405 410 415

cce cig gag aag gge tac age cac cag cig aac tac gtg atg tpc tic 1298
Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe
420 425 430

51



ctg atg cag ggc agc cge gge acc atc cce gig ctg acctggacccac 1344
Leu Met Gin Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His
435 440 445

aag agc gtc gac tic tic aac atg atc gac agc aag aag atcacccag 1382
Lys Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lla Thr Gin
450 455 480

ctg ccc ctg gtg aag gee tac aag cie cag agc ggec gec age ptg gty 1440
Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val
465 470 475 480

gca gge ccc cge tic ace gge gge gac atc afc cag tgec acc gag aac 1488
Ala Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn
485 490 495

ggc age gee gee ace atc tac gtg ace cec gac gtg age tac agccag 1536
Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin
500 505 510

aag tac cgc gee cge ate cac tac goc age acc agc cag atc acc fic 1584
Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr Phe
515 520 525

acc cty age ctg gac ggg gee cee tic aac caa tac getgeaceg tte 1632
Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Ala Ala Pro Phe
530 535 540

tac tic gac aag acc atc aac aag ggc gac acc ctg acc tac aacage 1680
Tyr Phe Asp Lys Thr lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser
545 550 555 560

tic aac ctpg gee age ftc age acc cct ttc gag ctg age ggc aac sac 1728
Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn
565 570 575

ctc cag atc gge gtg acc gge ctg age gec gge gac aag gitg tac atc 1776
Leu Gin lie Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle
580 585 560
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gac aag atc gag tic ate ccc gtg aac tag atc tga geic 1816
Asp Lys lle Glu Phe lle Pro Val Asn  lle
595 600
<210> 15
<211> 601
<212> PRT

<213> Secuencia Artificial

<220>
<221> misc_cardcter
<222> (1621)..(1632)

<223> Secuencia codificadora del sitio de reconocimiento de Catepsina G

<400> 15
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val lle GIn Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Cly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gin Val Glu Ala Leu Met Asp Gin Lys lie Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 80 85

Val Ser Ala Leu Ser Ser Trp GIn Lys Asn Pro Val Ser Ser Arg Asn
100 105 110

Pro His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Ser
115 120 125

His Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val
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130 135 140

Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Aan Thr His Leu Phe Leu
145 150 155 160

Leu Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lya Glu
165 170 175

Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr
180 185 190

Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg
195 200 205

Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu
210 215 220

Met Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr Asp
225 230 235 240

Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val
245 250 255

Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr
2680 265 270

Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp
275 280 285

Tyr Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr
290 295 3od

Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg
305 310 315 320

Pro Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly Asn
325 330 335

Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val
340 345 350
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Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val
355 360 365

Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr
370 375 380

Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala
3ss5 390 395 400

Val Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp Giu
405 410 415

Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe
420 425 430

Leu Met Gin Gly Ser Arg Gly Thr lie Pro Val Leu Thr Trp Thr His
435 440 445

Lys Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr Gin
450 455 460

Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val
465 470 475 480

Ala Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn
485 490 485

Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin
500 505 510

Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr Phe
515 520 525

Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Ala Ala Pro Phe
530 535 540

Tyr Phe Asp Lys Thr lle Asn Lys Gly Asp Thr Lev Thr Tyr Asn Ser
545 550 555 560

55



Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn
565 570 575

Leu Gin lle Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle
580 585 590

Asp Lys lle Glu Phe lla Pro Val Asn
595 600

<210> 16

<211> 1813

<212> ADN

<213> Secuencia Artificial

<220>
<221> CDS
<222> (1)..(1812)

<223> Secuencla codificadora de cry3A057 modificada optimizada en malz.

<220>

<221> misc_caracter

<222> (322)..(333)

<223> Secuencia codificadora def sitio de reconocimiento de Catepsina G
<220>

<221> misc_caracter

<222> (1618)..(1629)

<223> Secuencia codificadora del sitio de reconocimiento de Catepsina G

<400> 16

atg acg gcc gac aac aac acc gag gec ctg gac age age acc acc aag 48
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys

1 5 10 15

gac gig atc cag aag ggc atc agc gtg gtg gac gaccigctgggcglg 96
Asp Val lle GIn Lys Gly lle Ser Val Val Gly Asp Leu l.eu Gly Val
20 25 30

gtg ggc ttc cee tic gge gge gee ctg gig ege tic tac acc aacttc 144
Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45
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clg aac ace atc tgg ccc age gag gac ccc tgg aag gec ttcatggag 192
Leu Asn Thr |le Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

cag gtg gag gee cig atg gac cag aag atc gce gac tac gec aag aac 240
Gln Val Glu Ala Leu Met Asp Gin Lys lie Ala Asp Tyr Ala Lys Asn
65 70 75 ao

aag gca clg gee gag cla cag gge cic cap aac aac gig gaggac tat 288
Lys Ala Leu Ala Giu Leu Gin Gly Leu Glin Asn Asn Val Glu Asp Tyr
85 90 95

gtg agc gee ctg age age tgg cag aag aac cccgetgeacegticcece 336
Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Pro
100 105 110

cac agc cag gge cgce atc cge gag cfg tic age cag gec gag agccac 384
His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu Ser His
115 120 125

fic cge aac agc atg cec age tic gec atcagec gge tac gag gigctg 432
Phe Arg Asn Ser Met Pro Ser Phe Ala l'e Ser Gly Tyr Glu Val Leu
130 135 140

ttc ctg acc acc tac gec cag gec gecc aac acc cacctgticetgctg 480
Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu Leu
145 150 155 160

aag gec gce caa atc tac gga gag gag tgg gge tac gag aag gaggac 528
Lys Asp Ala Gin lie Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp
165 170 175

atc gce gag tic tac aag cge cag cig aag cig acc cag gagtacacc 576
lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu Tyr Thr
180 185 190

gac cac tgc gtg aag tgg tac aac gig ggt cta gacaagciccgegge 624
Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly
195 200 205
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agc agc tac gag agc tgg gtg aac ttc amc cgctaccgcecgcgagatg 672
Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met
210 215 220

acc clg acc gtg cig gac ctg atc gec ctgticcecctgtacgacglg 720
Thr Leu Thr Val Leu Asp Leu lie Ala Leu Phe Pro Leu Tyr Asp Val
225 230 235 240

cgc ctg tac cce aag gag gtg aag acc gag clg accegegac gigety 768
Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu
245 250 255

acc gac ccc atc gtg gge gig aac aac cig cge gge tac ggcaccace 816
Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr
260 265 270

ttc age aac atc gag aac tac alc cgc aag ccccacctgticgactac 864
Pha Ser Asn lie Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp Tyr
275 280 285

ctg cac cgc atc cag ttc cac acyg cgt tic cag cce gge tac tac gge ™ 912
Leu His Ang lle Gin Phe His Thr Arg Pha Gin Pro Gly Tyr Tyr Gly
290 205 300

aac gac age tc sac tac tgg age gge aac tac glg agec acccgocecece 860
Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro
305 310 315 320

agc atc gge age aac gac ate atc ace age cce tic tac ggc aacaag 1008
Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly Asn Lys
325 330 335

agc agc gag cec gig cag aac cit gag ttc aac ggc gag aag gig tac 1056
Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr
340 345 350

cgc gee gig get aac acc aac clggec gtg tgg cec tetgea gigtac 1104
Arg Ala Val Ala Asn Tt]r Asn Lsu Ala Val Trp Pro Ser Ala Val Tyr
355 360 385
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agce gge gtg ace aag gty gag tic age cag tac aac gac cagaccgac 1152
Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr Asp
370 375 380

gag gec age ace cag ace tac gac age aag cge aac gtg gpegee gtg 1200
Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val
ass ago 395 400

agc tgg gac agce atc gac cag ctg cce coc gag acc acc gac gagcec 1248
Ser Trp Asp Ser Jle Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu Pro
405 410 415

clg gag aag ggc tac age cac cag ctg aac tac gig atg tge ticctg 1296
Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Leu
420 425 430

atg cag ggce age cge gge ace atc cce gig cig acc igg acccac aag 1344
Met Gln Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr His Lys
435 440 445

age gtc gac ttc tic aac atg atc gac agc aag aag atcacc cagctg 1392
Ser Val Asp Phe Phe Asn Met lla Asp Sar Lys Lys lle Thr Gin Leu
450 455 460

cee cfg gtg aag gee tac aag cle cag age gge gec age gtg giggea 1440
Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val Val Ala
465 470 475 480

goc ccc cge ttc ace gge gge pac atc atc cag tge acc gag aac gge 1488
Gly Pro Arg Pha Thr Gly Gly Asp lle lle Gin Cys Thr Glu Asn Gly
485 4380 495

agc gee gee ace ate tac gig ace ccc gac gty age tac agc cagaag 1536
Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys
500 505 510

fac cge gee cge alc cac tac gee age ace age cag alc acc ticace 1584
Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lie Thr Phe Thr
515 520 525
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ctg age clg gac ggg gec coc tic aac caa tac get gea cog tte tac 1632
Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Ala Ala Pro Phe Tyr
530 535 540

ttc gac aag acc atc aac aag gge gac acc ctg acc tac aac agcttc 1680
Phe Asp Lys Thr lie Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe
545 550 555 560

aac ctg gee age tic age acc cct tic gag ctg agc ggc aac aaccte 1728
Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu
565 570 575

cag atc gge gtg ace gge ctg age gee gge gac aag gtg tac atcgac 1776
Gln lle Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lle Asp

580 585 590
aag atc gag ttc atc ccc gig aac tag alc tga get ¢ 1813
Lys lle Glu Phelle ProValAsn lle Ala
595 . 600
<210> 17
<211> 600
<212> PRT

<213> Secueancia Artificial

<220>
<221> misc_cardcter
<222> (322)..(333)

<223> Secuencla codificadora del sltio de reconocimiento de Catepsina G

<220>
<221> misc_caracter
<222> (1618)..(1829)

<223> Secuencla codificadora del sitic de reconocimiento de Catepsina G

<400> 17
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15
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Asp Val lie Gln Lys Gly lle Sar Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gin Val Glu Ala Leu Met Asp Gin Lys lie Ala Asp Tyr Ala Lys Asn
65 70 75 B0

Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 80 85

Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Pro
100 105 110

His Ser Gin Gly Arg lla Arg Glu Leu Phe Ser Gin Ala Glu Ser His
115 120 125

Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu Val Leu
130 135 140

Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe Leu Leu
145 150 155 160

Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp
165 170 175

lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Gtu Tyr Thr
180 185 190

Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu Arg Gly
195 200 205

Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg Glu Met
210 215 220
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Thr Leu Thr Val Leu Asp Lsu lle Ala Leu Phe Pro Leu Tyr Asp Val
225 230 235 240

Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp Val Leu
245 250 255

Thr Asp Pro lie Val Gly Val Asn Asn Leu Arg Gly Tyr Gly Thr Thr
260 265 270

Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe Asp Tyr
275 280 285

Leu His Arg lle GIn Phe His Thr Arg Phe Gin Pro Gly Tyr Tyr Gly
290 295 300

Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Arg Pro
305 310 315 320

Ser lle Gly Ser Aen Asp lle lle Thr Ser Pro Pha Tyr Gly Asn Lys
325 330 335

Sear Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys Val Tyr
340 345 350

Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala Val Tyr
as5 360 365

Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin Thr Asp
370 375 380

Giu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala Val
385 390 395 400

Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp Glu Pro
405 410 415

Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys Phe Leu
420 425 430

Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr His Lys
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435 440 445

Ser Val Asp Phe Phe Asn Met lle Asp Ser Lys Lys lle Thr Gin Leu
450 455 460

Pro Leu Val Lys Ala Tyr Lys L.eu Gin Ser Gly Ala Ser Va! Val Ala
465 470 475 480

Gly Pro Arg Phe Thr Gly Gly Asp lie lle GIn Cys Thr Glu Asn Gly
485 490 495

Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser Gin Lys
500 505 510

Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lie Thr Phe Thr
515 520 525

Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Ala Ala Pro Phe Tyr
530 635 540

Phe Asp Lys Thr lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe
545 550 555 560

Asn Leu Ala Ser Pha Ser Thr Pro Phe Glu Leu Ser Gly Aan Asn Leu
565 570 575

Gin lle Gly Val Thr Gly Leu Sar Ala Gly Asp Lys Val Tyr lle Asp
580 585 590

Lys lle Glu Phe lie Pro Val Asn
595 600

<210> 18
<211> 1819
<212> ADN

<213> Secuencia Arificial

<220>
<221> CDS
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<222> (1)..(1818)
<223> Secuencia codificadora de cry3A036 optimizada da maiz.

<220>

<221> misc_caracter

<222> (322)..(333)

<223> Secuencia codificadora del sitio de reconocimiento de Catepsina G

<220>

<221> misc_caracter

<222> (1624)..(1835)

<223> Secuencia codificadora del sltio de reconocimiento de Catepsina G

<400> 18

atg acg gcc gac aac aac ace gag gee clg gac age agc accaccaag 48
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys

1 5 10 15

gac gtg atc cag aag ggc atc agc gtg gig ggc gaceig clgggc gty 96
Asp Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 a0

gt ggc ttc coc tie gge gge gee cig gig age tic tac acc aac ttc 144
Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
a5 40 45

ctg aac acc ate tgg ccc age gag gac ccc tggaag gec ticatggag 192
Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

cag gtg gag gcc ctg alg gac cag aag atc gcc gac tac gcc aag aac 240
Gln Val Glu Ala Leu Met Asp Gin Lys l!'e Ala Asp Tyr Ala Lys Asn
65 70 75 80

aag gca ctg gee gag cota cag gge cic cag aac aac gig gag gactat 288
Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 95

glg agc gec ctg age age tgg cag aag aac ccc getgeaccgticcge 336
Val Ser Ala Leu Ser Ser Trp GIn Lys Asn Pro Ala Ala Pro Phe Arg
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100 105 110

aac ccC Cac age cag ggc cge atc cge gag ctg tic agccag gecgag 384
Asn Pro His Ser Gin Gly Arg lle Asg Glu Leu Phe Ser Gin Ala Glu
115 120 125

agc cac ttc cgc aac agce atg ccc age tic gec alc agcgge tac gag = 432
Ser His Phe Arg Asn Ser Met Pro Ser Pha Ala fle Ser Gly Tyr Glu
130 135 140

gtg ctg tic ctg acc acc tac gee cag gec geccaacacccacetgttc 480
Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe
145 150 1565 160

cig ctg aag gac goc caa atc tac gga gag gag tgg ggctac gag aag 528
Leu Leu Lya Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175

gag gac atc gee gag tie tac aag cge cag ctg aagctg acccaggag 576
Glu Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu
180 185 190

tac acc gac cac igc gig aag tgg tac aac gty ggt ctagac aagcte 624
Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

cgc gge age agce tac gag age tgg gty aac tic aac cgec taccgoccge 672
Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

gagatgaccclgaccgigctggaccigatcgeceigticecectgtac 720
Glu Met Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr
225 230 235 240

gac gtg cgc ctg tac ccc aag gag gtg aag acc gag ctg acccgcgac 768
Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp

245 250 255

gtg ctg acc gac cce atc gtg gge gig aac aac ctgcgec ggec tacgge 816
Val Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
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260 265 270

acc acc ttc age aac alc gag aac tac alc cge aag ccccaccig tte 864
Thr Thr Phe Ser Asn lla Glu Asn Tyr lle Arg Lys Pro His Leu Phe
275 280 285

gac tac ctg cac cge atc cag ttc cac acg cgtitccageccec ggc tac 912
Asp Tyr Leu His Arg lle Gin Phe His Thr Ang Phe Gin Pro Gly Tyr
280 295 300

tac gge aac gac age tic aac tac tgg age ggc aac tac gtg agcacc 980
Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

cgc cce age atc gge age aac gac alc alc acc age cce tte tac ggc - 1008
Arg Pro Ser lle Gly Ser Asn Asp lie lle Thr Ser Pro Phe Tyr Gly
325 330 335

aac aag agc agc gag ccc gtg cag aac cit gag tc aac ggc gag aag 1056
Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

ghg tac cge gee gig get aac acc aac cig gecgigtpgcec tetgca 1104
Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 3es

gtg tac agc gac glg acc aag gig gag itc agc cag tac aac gaccag 1152
Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin
370 3715 380

acc gac gag gee age acc cag acc tac gac age aag cgc aac gtggge 1200
Thr Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 390 395 400

gee gtg age tgg gac age atc gac cag clg cce ccc gag acc acc gac 1248
Ala Val Ser Trp Asp Ser Ite Asp Gin Leu Pro Pro Glu Thr Thr Asp
405 410 415

gag ccc ctg gag aag ggc facageccaccagcigaac tacgitg atgtge 1296
Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys
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420 425 430

tic ctg atg cag gqc age cge ggce acc atc ccc gtg ctg acctgg acc 1344
Phe Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr
435 440 445

cac aag agc gtc gac He tic aac atg atc gac age aag aag atcacc 1392
His Lys Ser Val Asp Phe Phe Asn Met lle Asp SerLys Lys lle Thr
450 455 460

cag cig ccc ctg gtg aag gec tac aag cic cag agc ggec gccage gtg 1440
GIn Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val
465 470 475 480

gtg gca gge ccc cge tte acc gge gge gac atc atc cag tgc accgag 1488
Val Ala Gly Pro Arg Phe Thr Gly Gly Asp lle lie Gin Cys Thr Glu
485 490 435

aac ggc age gee gee ace ate tac gtg ace ccc gec gtg agc tacage 1536
Asn Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser
500 505 510

cag aag tac cgc gec cgce atc cac tac gec age ace age cag atc acc 1584
Gin Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr
515 520 525

ttc acc ctg age ctg gac ggg gec cec tic aac caatac getgcaccg 1632
Phe Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Ala Ala Pro
530 535 540

ttc tac ttc gac aag acc atc aac aag ggc gac acce cig acc tac aac 1680
Phe Tyr Phe Asp Lys Thr iie Asn Lys Gly Asp Thr Leu Thr Tyr Asn
545 550 555 580

age ttc aac clg goe agce tic age ace cct tic gag ctg agcggcaac 1728

Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn
565 570 575

aac ctc cag atc gge gig acc ggc ctg age gec gge gacaag gtgtac 1776
Asn Leu Gin lle Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr
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580 585 590
atc gac aag atc gag tic atc cee gip aac tag atc tga getc 1819
lle AspLyslle Glu Phe lle ProValAsn lle Ala
595 600
<210> 19
«<211> 602
<212> PRT

<213> Secuencia Artificial

<220>

<221> misc_caracter

«222> (322)..(333)

<223> Secuencia codlficadora del sitio de reconocimiento de Catepsina G

<220>

<221> misc_cardctar

<222> (1624)..(1635)

<223> Secuencia codificadora del sitio de reconocimiento de Catepsina G

<400> 19
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val lle GlIn Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gin Val Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
65 70 75 80

Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 85
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Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Arg
100 105 110

Asn Pro His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu
115 120 125

Ser His Phae Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Giu
130 135 140

Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe
145 150 155 160

Leu Leu Lys Asp Ala Gin lie Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175

Glu Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu
180 185 190

Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

Glu Met Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr
225 230 235 240

Asp Val Arg Leu Tyr Pro Lys Glu Va! Lys Thr Glu Leu Thr Arg Asp
245 250 255

Val Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 285 270

Thr Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe
275 280 285

Asp Tyr Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr
290 295 300
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Tyr Gly Asn Asp Ser Phe Asn Tyr Tep Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Arg Pro Ser lle Gly Ser Asn Asp lle |le Thr Ser Pro Phe Tyr Gly
325 330 335

Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys
340 45 350

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 365

Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser GIn Tyr Asn Asp Gln
370 375 380

Thr Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 380 385 400

Ala Val Ser Trp Asp Ser lie Asp GIn Leu Pro Pro Glu Thr Thr Asp
405 410 415

Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys
420 425 430

Phe Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr
435 440 445

His Lys Ser Val Asp Phe Phe Asn Met lie Asp Ser Lys Lys lle Thr
450 455 460

Gin Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val
465 470 475 480

Val Ala Gly Pra Arg Phe Thr Gly Gly Asp lla tle Gin Cys Thr Glu
485 490 495

Asn Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser
500 505 510

Gin Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lle Thr
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515 520 525

Phe Thr Leu Ser Leu Asp Gly Ala Pro Phe Asn Gin Tyr Ala Ala Pro

530

535 540

Phe Tyr Phe Asp Lys Thr lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn

45

550 555 560

Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn

565 570 §75

Asn Leu Gin lle Gly Val Thr Gly Leu Sar Ala Gly Asp Lys Val Tyr

580 585 590

lle Asp Lys lle Glu Phe lls Pro Val Asn
595 600

<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

20

1797

ADN

Sacuencia Artificlal

CDS
{1)..(1791)
Secuencia codificadora de cry3A083 modificado de maiz optimizado.

misc_cardcter
(322)..(333)
Secuencia codificadora del sitio de reconocimiento de Catepsina G.

misc_caracter
(1612)..(1623)
Secuencia codificadora del sitic de reconocimiento de Catepsina G.

20

atg acg gco gac aac aac acc gag gec ctg gac age agc accaccaag 48
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Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

gac gtq atc cag aag ggc atc agc gtg gig ggc gac ctg ctg gge sty 96
Asp Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

gtg ggc tte cce tic gge pge gee cig gig age tie tac acc aac ftic 144
Val Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

ctg aac acc atc tgg ccc age gag gac cec tgg aag gecticatggag 192
Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

cag gig gag goc cig atg gac cag aag alc gcc gac tac gcc aag sac 240
Gin Val Glu Ala Leu Met Asp Gin Lys lls Ala Asp Tyr Ala Lys Asn
65 70 75 80

aag gca ctg gec gag cta cag ggc cic cag aac aac gig gag gac tat 288
Lys Ala Leu Ala Glu Leu Gin Gly Leu Gin Asn Asn Val Glu Asp Tyr
85 90 95

gtg age gee cig age age tgg cag aag aac cccgetgecaceg ticcge 336
Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Arg
100 105 110

|ac cce cac age cag gge cge atc cge gag cig tic agccaggeccgag 384
Asn Pro His Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu
115 120 125

age cac ttc cge aac agc atg ccc age ttc gcc atc agc ggc tac gag 432
Ser His Phe Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu

130 135 140

gtg ctg ttc ctg acc acc tac gec cag gecgecaac acccaccigttc 480
Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe
145 150 155 160

cig cty aag gac gec caa atc tac gga gag gag tgg ggc tac gag aag 528
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Leu Leu Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175

gag gac atc gce gag ttc tac aag cge cag ctg aag ctg acccaggag 576
Giu Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu
180 185 190

tac acc gac cac tgc gtg aag tgg tac aac gig ggt cta gac aagctc 624
Tyr Thr Asp His Cys Val Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

cgc gge age age tac gag age tgg gtg aac tic aac cgetacegecge 672
Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

gag atg acc ctg acc gig ctg gac cig alc gecctgtic ceccigtac 720
Glu Met Thr Leu Thr Val Leu Asp Leu lle Ala Leu Phe Pro Leu Tyr
225 230 235 240

gac gig cgc ctg tac cec aag gag gtg asg acc gag ctg acccgecgac 768
Asp Val Arg Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp
245 250 255

gtg ctg acc gac cec ate gtg gge gtg aac aac cig cgec gge tac gge 816
Val Leu Thr Asp Pro lle Val Gly Val Asn Asn Leu Arg Gly Tyr Gly
260 265 270

ace acc tic age aac atc gag aac tac atccgc aag ccccaccigttc 864
Thr Thr Phe Ser Asn lle Glu Aan Tyr lle Arg Lys Pro His Leu Phe
275 280 285

gac tac ctg cac ege atc cag tic cac acg cgt ticcag cccgge tac 912
Asp Tyr Leu His Arg lle Gin Phe His Thr Arg Phe Gin Pro Gly Tyr
250 295 300

tac ggc aac gac agce tic aac tac tgg age gge aac tac gtg agcacc 960
Tyr Gly Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Cgc ccc age alc ggc age aac gac atc atc acc agc ccc tietac gge 1008
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Arg Pro Ser lle Gly Ser Asn Asp lla lle Thr Ser Pro Phe Tyr Gly
325 330 335

aac aag agc age gag ccc gtg cag aac ctt gag ttc aac ggcgagaag 1056
Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

gtg tac cge gec gtg got aac acc aac cig gee gtg tgg cectetgea 1104
Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 365

gtg tac age gge gtg acc aag gig gag tic age cag tacaacgaccag 1152
Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gln
370 375 380

acc gac gag gec age ace cag acc tac gac agc aag cgc aac gtggge 1200
Thr Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 390 385 400

gce gig age tgg gac age ate gac cag cig ccc ccc gag acc accgac 1248
Ala Val Ser Trp Asp Ser tia Asp Gin Leu Pro Pro Giu Thr Thr Asp
405 410 415

gag ccc cty gag aag ggc tac age cac cag cig aactac gig atgtge 1296
Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys
420 425 430

ttc ctg atg cag gge agce cge gge acc ate cec gtg oty acc fggace 1344
Phe Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr
435 440 445

cac aag age gic gac ttc ttc aac atg atc gac agc aag aag atc acc 1392
His Lys Ser Val Asp Phe Phe Asn Met (le Asp Ser Lys Lys lle Thr
450 455 460

cag ctg ccc cty gtg aag gee tac aag cic cag agc ggegec agc gty 1440
Gin Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val
465 470 475 480

gtg gca ggc cce cgce tic acc gge gge gac atc atc cag tgc acc gag 1488
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Val Ala Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu
485 490 495

aac ggc age gec gee acc ate tac gtg acc coc gac gig age tac agc 1536
Asn Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser
500 505 510

cag aag tac cgc gee cge ate cac tac gec age ace age cag atc ace 1584
Gin Lys Tyr Arg Ala Arg lle His Tyr Ala Ser Thr Ser Gin lie Thr
§15 520 525

ttc acc ctg age ctp gac ggg gee ccc got gea ceg tic tac e gac 1632
Phe Thr Leu Ser Leu Asp Gly Ala Pro Ala Ala Pro Phe Tyr Phe Asp
530 535 540

aag acc alc aac aag gge gac acce cig acc tac aac agc ttc aacctg 1680
Lys Thr lle Asn Lys Cly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu
545 550 555 560

gee age tie age acc cct tic gag cig age ggc aac aac cic cag atc 1728
Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Lau Gin lle
585 570 575

ggc gtg ace gae clg age gee gge gac aag gig tac alc gacaag atc 1776
Gly Val Thr Gly Leu Sar Ala Gly Asp Lys Val Tyr lle Asp Lys lle
580 585 590

gag ttc atc ccc gtg aactag 1797
Glu Phe lle Pro Val
595

<210> 21

<211> 597

<212> PRT

<213> Secuencia Artificial

<220>
<221> misc_carécter
<222> (322)..(333)
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«<223> Secuencia codificadora del sitio de reconocimiento de Catepsina G.
<220>

<221> misc_caracter
<222> (1612)..(1623)
<223> Secuencia codlificadora del sltio de reconocimiento de Catepsina G.

<400> 21
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

Asp Val lle Gin Lys Gly lle Ser Val Val Gly Asp Leu Leu Gly Val
20 25 30

Val Gly Phe Pro Phe Gly Giy Ala Leu Val Ser Phe Tyr Thr Asn Phe
35 40 45

Leu Asn Thr lle Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 55 60

Gin Val Glu Ala Leu Met Asp Gin Lys lle Ala Asp Tyr Ala Lys Asn
a5 70 75 80

Lys Ala Leu Ala Glu Leu Gin Gly Leu GiIn Asn Asn Val Glu Asp Tyr
85 80 85

Val Ser Ala Leu Ser Ser Trp Gin Lys Asn Pro Ala Ala Pro Phe Arg
100 105 110

Asn Pro Hia Ser Gin Gly Arg lle Arg Glu Leu Phe Ser Gin Ala Glu
115 120 125

Ser His Pha Arg Asn Ser Met Pro Ser Phe Ala lle Ser Gly Tyr Glu
130 135 140

Val Leu Phe Leu Thr Thr Tyr Ala Gin Ala Ala Asn Thr His Leu Phe
145 150 155 180

Leu Leu Lys Asp Ala Gin lle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175
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Glu Asp lle Ala Glu Phe Tyr Lys Arg Gin Leu Lys Leu Thr Gin Glu
180 185 190

Tyr Thr Asp His Cys Vsl Lys Trp Tyr Asn Val Gly Leu Asp Lys Leu
195 200 205

Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
210 215 220

Glu Met Thr Leu Thr Vai Leu Asp Leu iie Ala Leu Phe Pro Leu Tyr
225 230 235 240

Asp Val Arg Leu Tyr Pro Lys Glu Val Lye Thr Glu Leu Thr Arg Asp
245 250 255

Val Leu Thr Asp Pro lle Val Gfy Vai Asn Asn Leu Arg Gly Tyr Gly
260 285 270

Thr Thr Phe Ser Asn lle Glu Asn Tyr lle Arg Lys Pro His Leu Phe
275 280 285

Asp Tyr Leu His Arg lle Gln Phe His Thr Arg Phe Gin Pro Gly Tyr
290 295 300

Tyr Gly Asn Asp Ser Pha Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr
305 310 315 320

Arg Pro Ser lle Gly Ser Asn Asp lle lle Thr Ser Pro Phe Tyr Gly
325 330 335

Asn Lys Ser Ser Glu Pro Val Gin Asn Leu Glu Phe Asn Gly Glu Lys
340 345 350

Val Tyr Arg Ala Val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala
355 360 365

Val Tyr Ser Gly Val Thr Lys Val Glu Phe Ser Gin Tyr Asn Asp Gin
370 375 380
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Thr Asp Glu Ala Ser Thr Gin Thr Tyr Asp Ser Lys Arg Asn Val Gly
385 390 395 400

Ala Val Ser Trp Asp Ser lle Asp Gin Leu Pro Pro Glu Thr Thr Asp
405 410 415

Glu Pro Leu Glu Lys Gly Tyr Ser His Gin Leu Asn Tyr Val Met Cys
420 425 430

Phe Leu Met Gin Gly Ser Arg Gly Thr lle Pro Val Leu Thr Trp Thr
435 440 445

His Lys Ser Val Asp Phe Phe Asn Met lie Asp Ser Lys Lys lle Thr
450 455 460

Gin Leu Pro Leu Val Lys Ala Tyr Lys Leu Gin Ser Gly Ala Ser Val
485 470 475 480

Val Ala Gly Pro Arg Phe Thr Gly Gly Asp lle lle Gin Cys Thr Glu
485 490 495

Asn Gly Ser Ala Ala Thr lle Tyr Val Thr Pro Asp Val Ser Tyr Ser
500 505 510

Gin Lys Tyr Arg Ala Arg ll@ His Tyr Ala Ser Thr Ser Gin lle Thr
515 520 525

Phe Thr Leu Ser Leu Asp Gly Ala Pro Ala Ala Pro Phe Tyr Phe Asp
530 535 540

Lys Thr lle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu
545 550 555 560

Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu Gin lle
565 570 575

Gly Val Thr Gly Leu Ser Ala Gly Asp Lys Val Tyr lie Asp Lys lle
580 565 590

Glu Phe lie Pro Val
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<210> 22

<211> 21

<212> ADN

<213> Secuencia Ariificial

<220>

<221> misc_cardcter
<222> (1)..{21)

<223> Cebador BamExt1
<400> 22

ggatccacca tgacggeega c

<210> 23

<211> 29

<212> ADN

<213> Secuencia Artificlal

<220>

<221> misc_caracter
«222> (1)..(28)

<223> Cebador AAPFcola3
<400> 23

gaacggtgca geggggtict tetgccage

<210> 24

<214> 29

<212> ADN

<213> Secuencla Artificial

<220>

<221> misc_caracter
<222> (1)..(29)

<223> Cebador AAPFcola4

<400> 24
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gctgecaccgt tcecccacag ccagggeeg

<210> 25

<211> 21

<212> ADN

<213> Secuencia Artificial

<220>

<221> misc_caracter
<222> (1)..(21)

<223> Cebador XbalExit2

<400> 25
tctagaccea cgitgtacea ¢

<210> 26

<211> 29

<212> ADN

<213> Secusncia Artificial

<220>

<221> misc_caracter
<222> (1)..(29)

<223> Cebador TailSmod

<400> 26
getgeacegt tcegeaacce ccacageca

<210> 27

<211> 19

<212> ADN

<213> Secusencia Artificia)

<220>

<221> misc_caracter
<222> (1)..(19)
<223> Cebaor SalExt
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<400> 27
gagcegtcgac ttcticaac

<210> 28

<211> 30

<212> ADN

<213> Secuencia Artificial

<220>

<221> misc_caracter
<222> (1)..(30)

<223> Cebador AAPF-Y2

<400> 28
gaacgatgca gegtattgot tgaaggggge

<210> 29

<211> 30

<212> ADN

213> Secuencia Arificia)

<220>

<221> misc_caracter
<222> (1)..(30)

<223> Cebadar AAPF-Y1

<400> 29
gctgeacegt tetacticga caagaccate

<210> 30

<211> 21

<212> ADN

<213> Secuencia Artificial

<220>
<221> misc_caricter
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<222> (1)..(21)

<223> Cebadar SacExt
<400> 30

gagctcagat ctagticacg g

<210> 31

<211> 32

<212> ADN

<213> Secuencia Artificial

<220>

<221> misc_carécter
«222> (1)..{32)

<223> Cebador BBmaod1
<400> 31

cggggeeece getgeacegt tetacticga ca

<210> 32

<211> 32

<212> ADN

<213> Secuencia Artificial

<220>

«<221> misc_caracter
<222> (1)..(32)

<223> Cebador BBmod2

<400> 32
igtcgaagta gaacggtgca gegggggecc cg

<210> 33

<211> 48

<212> ADN

<213> Secuencia Ariflcial

<220>
<221> misc_cardcter

21

32

32
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<222> (1)..(48)
<223> Cebador mo3Aext

<400> 33
ggatccacea tgaactacaa ggagttectic cgcatgaccg ccgacaac

<210> 34

<211> 20

<212> ADN

<213> Secuencia Arificial

<220>

<221> misc_caracter
<222> (1)..(20)

<223> Cebador CMS16

<400> 34
cclecaccty ctecatgaag 20
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1. This written opinion is the first drawn up by this International Prenminarﬁmm
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When?

How?

Also:

2. This opinion contains indications relating to the following items:

BODOR

oono

3. The applicant ia haraby Invited to reply to this opinion.

N no reply |a flled, the intemational prefiminary examinafion report wil be establishad on the basis of this opinion.

4. Thae final date by which the Intemational preiminary
axamination report must be established acconding to Rule 80.2 Is: 31/12/2003.

Basis of the opinion

Priority

Non-establishment of opinion with regard \o novelty, Inventive step and Indusirial applicabillty
Lack of unity of invention

Reasoned statement under Rule 86.2{a)(ii) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Certaln documant cited
Cartaln defects in the international application
Cerialn obsarvations on the intemational application

See the ima imit Indicated above. The appiicant may, before the expiration of that time imit,
request this Authority to grant an e<tenglon, see Rule 86.2{d).

By submiiting a written raply, accompanied, whena appropriate, by amendments, according fo Rule 68.3.
For tha form and the language of the amendmaents, see Rules 68.8 and 68.9.

For an additional opportunity to submit amendmants, eee Rule 88.4.
For the examiner's obligation 10 conskier amendments and/or arguments, sea Rule 68.4 bis.
For an informal communication with the axaminer, see Rule 68.8.

Name and maling address of the Imemational Authorized officer / Examiner
preiminary examining authority:
European Patent Office Paresce, D
D-80268 Munich Formalitiea officer (incl. extension of ima imis)
Tel. +40 86 2390 - 0 Tx: 523858 epmu d Silberg, A
Fax: +49 89 2399 - 4485 Telaphone No. +48 89 2390 7548

Form PCTAPEA/408 {cover sheet) (January 1984) .
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WRITTEN OPINION Intemational application No. PCT/EP02/09789

l. Basls of the opinion

1. With regard to the elemente of the international application (Replacement sheets which have been furnished to
the receiving Office in response [o an invitation under Articie 14 are referred o in this opinion as “originally filed™):

Deacription, pages:

1-52 as originally filed

Claims, No.:

1-105 as originally filed

Sequence listing part of the deacription, pages:

1-82, as originally filed

2. With regard to the language, all the elements marked above were available or funished to this Authority in the
language in which the international application was flled, unless otherwise Indicated under this item.

These elements were available or furished to this Authority in the following language: , which is:

O the language of a translation fumished for the purposes of the intemational search (under Rule 23.1(b)).
{0 the language of publication of the international application {under Rule 48.3(b)).

O the language of a translation fumished for the purposes of international preliminary examination (under Rule
55.2 and/or 55.3).

3. With regard to any nucleotide and/or amino acid sequence disclosed in the interational application, the
international preliminary examination was carried out on the basis of the sequenca listing:

contained in the intemational apphication in written form.

filed together with the International application in computer readable form.
furnished subsequently to this Authority in written form.

fumished subsequently to this Authority in computer readable form.

The statement that the subsequently fumished written sequence listing does not go beyond the disclosure in
the intemational application as filed has been furmnished.

Thae statement that the information recorded in computear readable form is identical to the written sequence
listing has baen fumnished.

O D00 ®

4. The amendments have resulted In the cancellation of:

0 the dascription, pages:
O the claims, Nos.:

Form PCTAPEA/408 (Boxes I-VIII, Sheet 1) {July 1998)
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O the drawings, sheets:

5. [J This report has been established as if (some of) the amendments had not been made, since they have bean
considered to go beyond the disclosure as filed (Rule 70.2(c)):

(Any replacerent sheet conlaining such amendments must be referred o under item 1 and annexed to this
report.)

6. Addilonal observations, if necessary:

V. Reasoned statement under Rule 68.2(u)(ll) with regard to noveity, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement
Novelty {N) Clalms
. Inventive step (IS) Claims 1-105

Industrial applicability (1A) Claims

2. Citations and explanations
eae separate sheet

Form PCT/IPEA/408 (Boxas [-VIII, Sheet 2) (July 1998)
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V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive
step or industrial applicability; citations and explanations supporting such
statement

1) The documents mentioned in this cornmunication are numbered as in the search
repont, i.e. D1 corresponds to the first document of the Intemational search report.

2) Inventive Step: Article 33(3) PCT
The subject-matter of claims 1-105 of the present application cannot be

considered as involving an inventive step (Article 33(3) PCT) for the following
reasons.

. The documents D1 or D2 are regarded as being the closest prior ant to the

subject-matter of claims 1-105.

D1 discloses methods for increasing the activity of B. thuringiensis 5-endotoxins
against Coleopteran insects (such as rootworm). Cry3A, Cry3B, and Cry3C toxins
are described in D1. D1 discloses a method of improving the insecticidal activity of
a B. thuringiensis Cry3Bb 6-endotoxin, which comprises inserting one or more
protease sensitive sites into one or more loop regions of domain 1 of the 6-
endotoxin (see p. 33). Two of the designed CryBb proteins (Cry3Bb.60 and
Cry3Bb.11221) were enginesred by identification and alteration of protease-
sensitive sites and proteolytic processing. It is also mentioned in D1 that treatment
of Cry3A toxin protein with trypsin, yields a stable cleavage product of 55 kDa

. from the 67 kDa native protein. The truncated Cry3A protein was found to retain

the same level of insecticidal activity as the native protein. Cry3Bb toxin protein
was also treated with trypsin. Unexpectedly, the bioactivity of the truncated
Cry3Bb toxin was found to increase. Using this method, protease digestion of a B.
thuringiensis toxin protein, a proteolytically sensitive site was identified on Cry3Bb,
and a more highly active form of the protein (Cry3Bb. 60) was identified.
Modifications to this proteolytically-sensitive site by introducing an additional
protease recognition site also resulted in the isolation of a biologically more active
protein (Cry3Bb. 11221). It is mentioned that Cry3Bb. 11221 is produced by B.
thuringiensis as a full length toxin protein but is probably digested by insect gut

Form PCT/Separate Sheet/408 (Sheet 1) (EPO-April 1687)
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proteases to the same size as Cry3Bb. 60 (see example 7). The additional
protease recognition site may make the la3,4 region even more sensitive to
digestion, thereby increasing activity. D1 also mentions that proteolytically
sensitive regions, once identified, may be modified or utilized to produce
biologically more active toxins.

D2 also discloses methods for increasing the activity of B. thuringiensis &-
endotoxins against Coleopteran insects (such as rootworm). Isolated Cry3Bb
polypeptides were modified to have improved insecticidal activity. Cry3B
endotoxins, nucleic acid sequences and transgenic plants expressing said genes
are disclosed. D2 discloses a method of improving the insecticidal activity of a
Cry3Bb endotoxin, which comprises inserting one or more protease sensitive sites
into one or more loop regions of domain 1 of the endotoxin. (see column 18,

example 7).

D3 discloses modified Cry proteins, particularly modified CrylllA proteins, having
significantly altered toxicity, and DNA sequences encoding these proteins.
Analysis of solvent-accessible amino acid positions in domain Il of the CrylilA
protein by alanine-scanning mutagenesis identified individual amino acids
involved in com rootworm toxicity. The modified CrylllA proteins AAW34811-41
have increased toxicity to Coleopteran insects (eg. com rootworm).

D5 discloses that the insecticidal activity and specificity of different B. thuringiensis
d-endotoxins depends not only on the amino acid sequence of the endotoxin but
also differential proteolytic processing within larval guts can determine the activity

. and specificity of the toxin (see p. 531 and 539)

The Examining Division is of the opinion that the addition of a protease recognition
site to a CryA toxin is not inventive in view of D1 or D2. The documents disclose
the addition of a protease recognition site to a CryB toxin. Introducing an
additional protease recognition site resulted in the isolation of a biologically more
active protein. It would be obvious to the person skilled in the art, namely when
the same result is to be achieved, to apply the methods according to D1 or D2
with corresponding effect to a CryA toxin polypeptide as in D3 in which CryllIA
proteins are modified to have increased toxicity.

Form PGT/Separaie Sheev408 {Sheet 2) (EPO-April 1967)
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3) Clarity: Article 6 PCT

The application contains an unacceptable number of claims. Therefore, the
requirements of Article 6 PCT regarding conciseness of claims has not been met
and a detailed examination of the claims is difficult until a reasonable number of
claims is on file. In this conlext, the attention of the applicant is drawn to the fact
that undue repetition of wording between one claim and another should be
avoided by use of the dependent form and that the relationship between the
claims should be clearly visible.

Should the applicant file a new set of claims, which take account of the above
comments, he is requested to clearly identify the amendments carried out, no
matter whether they concem amendments by addition, replacement or deletion,
and to indicate the passages of the application as filed on which these amend-
ments are based (see Rule 66.8(a) PCT), to facilitate the examination of the
conformity of the amended application with the requirements of Article 34(2)(b)
PCT. If the applicant regards it as appropriate these indications could be
submitted in handwritten form on a copy of the relevant parts of the application as
filed. The attention of the Applicant is drawn to the fact that the application may
not be amended in such a way that it contains subject-matter which extends
beyond the content of the application as filed, Article 34(2)(b) PCT.

Form PCT/Separste Sheet/408 (Sheet 3) (EPO-Aprl 1887)
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INFORME DE BUSQUEDA INTERNACIONAL

(Articulo 18 y Reglas 43 Y 44 del PCT)

260

SYNGENTA PARTICIPATIONS AG

Referencin del expedicnte del PARA  véasc |a notificacién de transmisidn de! informe de bilsqueda intemacional

solicitante 0 dcl mandatario ACCION (formularia PCT/ISA/220) y, si procede, el pumin § mia shajo.

S-60063A

Solicitud Internacional No. Fecha de presentacidn intemnacional Fecha de prioridad (mids antigua)
(dla/mes/aiio) {din/mes/afo)

PCT/EP 0L/ 09789 02/09/2002 31/08/2001

Soliciante

Este informe de blsqucda intermacional comprende __ 4

El presente informe de biisqueda intemnacional, emitido por Ia Administracion encargada de la bisqueda internacional, se transmite al
soliciunic conforme al Articulo 18. S¢ envia una copia a 1a Oficina Intemacional.

m Estd acompafiado de una copia de cada documento relativo al estado do Ia técnica citado en el mismo.

1. Basedel lnforme

Administracidn,

4. Porlo que respecta al titulo,

5. Por lo que respecte al resumen,

informe de bisqueda internacional.

D sugerida por el solicitante.

EI porque el solicitante no he sugerido figure.

[X] contenida en Ia solicitud intemnacional, cn forma escrita.
[X] presentada con Ia salicitud internacional, en forma legible por ordcnador.

[] entregada posteriormente s la Administracién, en forma escrita.

] cntregada posteriormente a 1a Administracién, cn forma legible por ordenador

i D Existe falta de unidad de la Invencldn (wéase el recuadro 11).

m se ha eprobado el texto tal como ha sido entregada por el solicitante.

] El texto ha sido redectado por It Administracién y tiene el contenido siguiente:

Eﬂ sc ha aprobado el texto tal como ha sido entregado por el solicitante.

6. La figura de los dibujos a publicar con el resumen es la N*

D porque caa figura caracteriza mejor la invencién.

n.  Porlo que respecia al idloma, se ha efectuado la biisqueda intemacionsl sobre 1a base de In solicitud intemacional en el
idioma en el que fuc presentada, salva que se indigue lo contraric en ¢! mirmo punto

vc ha efectuado In bisqueda internacional sobre la bese de una traduccidn de 1 solicitud internacional entregada a la

b.  Porloque respecia a las secuencias de nucledtidos y/o aminodddos divulgadas en la solicitud internacional (si procede),
s¢ ha cfectuado la bisqueda internacional sobre 1a base de I lista de secuencias:

|:| Ha sido entregada la declaracidn, scgrin la cual 1a lista de secuenciss presentada por eserito y entregada posteriomnente
no va miix allh de la divulgacién contenida en Ia solicitud tal como fue presentada,

D Ha 5ido entregada la declaracidn, scgim 1a cual las informaciones grabadas en forma legible por ordenador son idéntices
8 Ins dv la lista de secuencis presentada por escrito.

2, [ Sehn esimado que clertae reivindicsclones 2o podias ser objeto de bisquedn (viase &l recuadro I).

el texto (reproducido en el recuadro 111} ha sido redactado por la Administracidn conforme a Ia Regla 38.2.b). El solicitante
D puede presentar observaciones a Ia Administracién en el plazo de un mes desde 1a fecha de expedicién del presente

No hay ninguna
D figura que publicar.

Formulurio PCT/ISA/210 {primem hoja) (julio de 1998}
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Solicitnd internacional N*
PCT/EP 0209789

A. CLASIFICACION DEL OBJETO DE LA SOLICITUD
CO07K14/315

Segin Is Clasificacitn Intemacional de Patentes (IPC) o a Ia vez segim la clasificacién nacional y I IPC
B. CAMPOS SOBRE LOS QUE SE HA EFECTUADO LA BUSQUEDA

IPC 7 C12INI1S/3I CliN18/82

AO1HS/00

Documentacién minima cansultads (sisterna de clasificacidn scguido de los simbolos de clasificacidn)

IRC 7 COTK

Documentacidn consultadn distinta de la Jocumentacién minima en lo medida en que documentos cormespondan & campos sobre los que se

ha efectuado la bilsqueda

Base de datos clectrdnica consultada durante 1a brisqueds intomacional (nombre de Ia bese de datos y, si fuers posible, términos de bisqueda utilimdos)

EFO-Intermal, WPIDuta, BIOSIS, EMBASE., MEDLINE

C. DOCUMENTOS CONSIDERADOS PERTINENTES

Categoria* Documentos citados con indicecién, si procede, de los pasgjes pertinenies N°de las
reivindicaciones
Y WO 99 31248 A (WALTERS FREDERICK S 1-108

BRYSON) 24 de Junio 1999 (1999-06-24)

Y US 6 063 597 A (WALTERS FREDERICK S ET 1-108

AL) 16 de mayo 2000 (2000-05-16)
ver columna 18, ejemplo 7

Y US 5 639 123 A (VAN RIE JEROEN ET AL) 108
19 de ngusto 1997 (1997-08-19) -
ver columnas 1, §

Y WO 99 00407 A (RIE JEROEN VAN; ROECK
SANDRA DE (BE); PLANT GENETIC SYSTEMS NV 1-105

(BE) 7 enerc 1999 (1999-01-07)
verp. 7

: ENGLISH LEIGH (US); MONSANTO CO (US);
ver reivindicaciones 115-6, ejemplo 7, ¥ p. 33

o’

m Véase la continuacion del recusdro C par el fina) de Ia lista
de documentos

m Los documentos de familias de patentes se indican en anexo.

*  Categorias capeciales de docurmentos citadas:

N ST, 00 e O e v

" sl g fms i, g by e e G

“L" dogu . d jvindicacidn de
SRR T

“o" %acp&nm ‘l,lléllell qufgr% llmmlo divulgacién omal, un uso, umo

o tmerana et depul 32 Yond o iotiaad revinicada.

T o i il deput e o
m?éﬁﬂléﬂgrr?bmﬁ%a .mmﬁ*?

R e wat
RS BTSSR ol TR
= tivg ¢ -] igdo s 0 VANoS
S T
“&" documonto que forma parte de la misma fhmilia de patentes

Fecha en 1a que ac ha finelizado efectivamente la bisqueda

Fecha de expedicidn del informe de bilsqueda

19 de mayo 2003 28/05/2003

Nuombre y direceiém postal de i Administracidn encargade do la bisqueds i ] ]
Intermacional Funcionario aulorizado
Oficina de Frtwutes Exrwpm, F.B. 3518 Frtenilass 2

NL-1288 HV Rifawijk Paresee, D

Tak (+31-79) 140-2040, T 71 651 apm ),
Fax: (#31-70) 348-M16

Formulario PCT/ISA/210 (scgunda hoja) (julio de 1998)
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PCT/EP 0209789

C (continuscion).

DOCUMENTOS CONSIDERADOS PERTINENTES

Categoria®

Documentos citados can indicacién de los pesejes pertinentes, si procede

N° de las reivindicaciones

HAIDER M ZET AL: “SPECIFIC OF

BACILLUS THURINGIENSIS YAR. COLMERI
INSECTICIDAL DELTA-ENDOTOXIN IN DETERMINED
BY DIFFERENTIAL PROTEOLYTIC PROCESSING OF
THE PROTOXIN BY LARVAL GUT PROTEASES”
EUROPEAN JOURNAL OF BIOCHEMISTRY, BERLIN,
DE

vol. 156, mo. 3, 1 mayo 1986 (1986-05-01),

phginas 531-540, XPODDS67680

ISSN: 0014-2936

Ver resumen, p. 1620-2

SMEDLEY ET AL: “Mutagenesls of three
surface-exposed loops of a Badllug
thuringlensls Insecticidal toxin revealy
residuey Important for toxieidity, receptor
recognition and porsibly membrans
lusertion®

MICROBIOLOGY, SOCIETY FOR GENERAL
MICROBIOLOCGY, READING, GB,

vol.. 142, no. PART 7, jullo 1996 (1996-07),
piginas 1617-1624, XP001103661

ISSN: 1350-08T21

todo ¢l documente

Formulario PCT/ISA/210 (continuacién de la segunda hoja) (julio de 1998)
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Solicitud internacional N*
PCT/EP 02/09789

Documento de patente Fecha de Miembro(s) de Fecha
citada en el informe publicacidn familias de patenies de publicacién
de bilsqueda

(WO 9931248 A 24-06-1959 Us 6063597 A 16-05-2000
us 6060594 A 09-05-2000
us 6077824 A 20-06-2000
us 6021013 A 08-02-2000
AU 2001399 A 05-07-1999
BR 9814294 A 23-10-2001
CA 2314429 Al 24-06-1999
CN 1286728 T 07-03-2001
EP 1040192 Al 04-10-2000
wo 9931248 Al 24-06-1999
ZA 9811673 A 28-05-1999
US 6063557 A 16-05-2000 AU 2001399 A 05-07-1999
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Case No. S-60065P1
Modifled Cry3A Toxins and Nucleic Acid Sequences Coding Therefor

FIELD OF THE INVENTION

[0001} The present inventiaon relates to the fields of protein engineering, plant
molecular biology and pest control. More particularly, the present invention relates to
novel modified Cry3A toxine and nucleic acid sequences whose expression resuits in the
modified Cry3A toxing, and methods of making and methods of using the modified
Cry3A toxins and corresponding nucleic acid sequences to control insects.

BACKGROUND OF THE INVENTION

[0002] Species of com rootworm arc considered to be the most destructive com pests. In
the United States the three important species are Diabrotica virgifera virgifera, the
western corn rootworny; D, longicornis barberi, the northern com rootworm aod D.
rootworms are considered primary pests of com in the US Carn Belt Com rootworm
larvae cause the most substantial piant damage by feeding almost exclugively on com
roots. This injury has been shown to increase plant lodging, to reduce grain yicld and
vegetative yield as well as alter the nutrient content of the grain. Larval feeding also
canses indirect effects on maize by opening avennes through the roots for bactevial and
fungal infections which lead to root and stalk rot dissases. Adult com rootworms are
active in comfields in jate nmmer where they feed on ears, silks and pollen, interfering
with normal pollination.

[0063]  Com rootworms are mainly controliod by intensive spplications of chemical
pesticides, which are active throngh inhibition of insect growth, prevention of insect
feeding or reproduction, or cause death. Good com rootworm control can thus be reached,
bot these chemicals can sometimes also affect other, beneficial orgmnizms. Another
problem resulting from the wide use of chemical pesticides is the appearamce of resistant
insect varicties. Yet another problem is dne to the fact that com rootworm larvas feed
undexground thos making it difficnt to apply rescoe treatments of insecticides. Therefore,
most insecticide applications are made prophylactically at the time of planting. This
practice results in a large environmental burden. This has boen pertially allevisted by
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varions farm managsment practices, but there is an increasing need for alternative pest

control mechanisms.

[0004]  Biological pest control agents, such as Bacillus thuringiensis (Bt) strains
expreasing pesticidal toxins like §-endotaxins, have also besn spplied to crop plants with
satisfactory regults aguinst primarily lepldopteran insect pests. The 8-endotoxins are
proteins held within a crystalline matrix that are known to posseas insecticidal activity
when ingested by certain insects. The various 8-endotoxins have been classified based
upon their spectrum of activity and sequence homology. Prior 1o 1990, the major classes
were defined by their speetram of activity with the Cryl proteine active sgainst
Lepidoptera (moths and butterflies), Cry2 proteins active against both Lapidopter and
Diptera (flies and mosquitoes), Cry3 proteins active against Coleoptera (beetles) and Cry4
proteing active against Diptera (Hofte and Whitely, 1989, Microbiol. Rev. 53:242-255).
Recently & new nomenclature was developed which systematically classifies the Cry
proteing based on amino acid sequence hamology rather than insect target specificities
(Grickmore et al. 1998, Microbiol. Molec. Biol. Rev. 62:307-813).

[0005]  The spectrum of insecticidal activity of an individual 5-endotaxin from Bt is quits
oarrow, with & given §-endotoxin being active agrinat only a fow species within an Order.
For instance, the Cry3A protein is known to be very toxic to the Colorado potato beetle,
Leptinotarsa decemlineata, but has very litthe or no toxicity to related beoties in the genus
Diabrotica (Johnson et al., 1993, 1. Econ. Entomol. 86:330-333), According to Slaney et
al. (1992, Insect Biochemn Malec. Biol. 22:9-18) the Cry3A protein is at least 2000 times
leas toxic to southern com rootwonm larvae then to the Colorado potsto beetle. 1t is also
known that Cry3A has little or no toxicity to the westem com rootworm.

[0006)  Specificity of the 5-eadotoxius is the result of the officiency of the varicus steps
involved in producing an active toxin protein and its subsequent interaction with the
epithelial cells in the insect mid-gut. To be insecticidal, most known 8-endotoxins mast
first be ingested by the insect and protoolytically sctivated to form an active toxin.
Activation of the insecticidal crystal proteins is a multi-step process. After ingestion, the
crystals must first bo solubilized in the inscet gut. Once solubilized, the 5-endotoxins are
activated by specific proteclytic cleavages. The proteases in the insect gut can play & role
in specificity by determining where the S-endotoxin is processed. Once the §-endotoxin
has been solubilized and processed it binds to specific receptars on the surface of the
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insects’ mid-gut epithelivm and subsequently integrates into the lipid bilayer of the brush
border membrane. Ion channels then form distupting the normal function of the midgnt
eventually leading to the death of the insect.

[0007]  in Lepidoptera, gut proteases process 5-endotoxins from 130-140 kDa protoxins

to toxtic proteins of approximately 60-70 kDa, Processing of the protoxin to toxin has
been reparted to proceed by removal of both N- and C-termina! amino acids with the
axact location of processing being dependent on the specific insect gut fluids involved
(Ogiwamn et al., 1992, J. Invest. Pathol. 60:121-126). The proteolytic activation of a -
endotoxin can play a significant role in determining its specificity. For example, a 3-
endotoxin from Bt var. aizawg, called IC1, has been classified as a Cryl Ab protein based
on its sequence homology with other known Cryl1Ab proteins. Cry1Ab proteins are
typically active against lepldopteran nsects. However, the IC1 protein has activity against
both lepidopteran and dipteran insects depending upon how the protein is processed
(Haider et al. 1986, Buro. J. Biochem. 156: 531-540). In & dipteran gut, a 53 kDa active
IC1 toxin is obtained, whereas in a lepidopteran gut, a 55 kDa active IC1 toxin is
obtained. IC] diffrs fram the holotype HD-1 Cry1Ab protein by only four smino acids,
80 gross changes in the receptor binding region do not seem to sccount for the differences
in activity. The different proteolytic cleavages in the two different insect guts possibly
allow the activated molecules to fold differently thus exposing different regions capable
of binding differcnt receptors. The specificity therefore, appears to reside with the gut
proteases of the different insects.

[0008] Coleopteran insects have guts that are more neutral to acidic and coleoptoran-

specific 8-endotoxins are similsr to the size of the activated lepidopteran-specific toxins.
Therefore, the processing of coleopteran-epecific §-endotoxins was farmerly considered
unnecessary for toxicity. However, recout data sugposts that coleoptaran-active 8-
endotoxins are solubilized and proteolyzed to smaller taxic polypeptides. The 73 kDa
Cry3A S-endotoxin protein produced by B, thuringiensis ver. tenebrionis is readily
processed in the bacterinm at the N-terminus, losing 49-57 residnes daring or after crystal
formation to produce the commoaly isolated 67 kDa form (Carroll ¢z al., 1989, Biochem.
1. 261:99-105). McPhergon et al., 1988 (Biotechnology 6:61-66) also demonstrated that
the native cry3A gene contains two functional translational initiation codons in the same
reading frame, one coding for the 73 kDa protein and the other coding for the 67 kDa
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protein starting at Met-1 and Me1-48 respectively, of the deduced amino acid sequence
{See SEQ ID NO: 2). Both protsins then can be considered naturally occurring full-length
Cry3A proteins. Treatment of soluble 67 kDa Cry3A protein with either trypsin or insect
gut extract results in a cleavage product of 55 kDa with Asn-159 of the deduced amino
acid sequence at the N-terminus. This polypeptide weas found 1o be as toxic to a
susceptible coleopteran insect as the native 67 kDa Cry3A toxin. (Carroll er al. Ibid).
Thus, & naturul trypsin recognition site exists between Arg-158 and Am-159 of the
deduced amino acid sequence of ths pative Cry3A toxin (SEQ ID NO: 2). Cry3A can elso
be cleaved by chymotrypsin, resulting in three polypeptides of 49, 11, and 6 kDa. N-
terminal analysis of the 49 and 6 kDa components showed the first amino acid residue to
be Ser-162 and Tyr-588, respectively (Cxrroll ef al., 1997 1. Invert. Biol, 70:41-49). Thus,
natural chymotrypsin recognition sites exist in Cry3A between His-161 and Ser-162 and
between Tyr-587 and Tyr-588 of the deduced amino acid sequence (SEQ ID NO: 2). The
49 kDa chymotrypsin product appears to be more soluble at neutral pH than the native 67
kDa protein or the 55 kDa trypsin product and retains full insecticidal activity against the
Cry3A-susceptible insects, Colorado potaio beetle and mustard béetle, (Phasdon
cochlegriae).

[0009]  Insect gut proteases typically fonction in aiding the insect in obtaining needed

amino acids from dietary protein. The best understood insect digestive proteases are
serine proteages that appear to be the most common (Englemann and Goraerts, 1980, J.
Inscct Physiol. 261:703-710), particularly in lepidopteran species. The majority of
coleopteran larvae and aduits, for example Colorado potato beetle, have slightly acidic
midguts, and cysteine proteases provide the major proteolytic activity (Wolfson and
Mudock, 1990, J. Chem. Ecol. 16:1089-1102). Maore preciscly, Thie and Houseman
(1990, Insect Biochom, 20:313-318) identified and characterized the cysteine proteases,
cathepsin B and H, and the aspartyl proteasc, cathepsin D in Colorado potato beotle.
Gillikin f al. (1992, Arch. Insect Biochem. Physiol. 19:285-298) characterized the
proteolytic activity in the guts of western corn rootworm larvae and found 15, primarily
cysteine, protcases. Until disclosed in this invention, no reports have indicated that the
serine protease, cathepsin G, exists in westara corn rootworm. The diversity and different
gctivity levels of the insect gut protoases may influence an insect’s sensitivity to &
particular Bt toxin.
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[0010] Many new and nove! Bt strains and B-endatoxins with improved or novel
biological activitics have been described over the past five years incloding strains active
against nematodes (BP 0517367A1). Howaver, relatively few of these strains and toxins
have activity against coleopteran insects. Purther, none of the now known coleopteran-
active 8-endotoxins, for example Cry3A, Cry3B, Cry3C, Cry7A, Cry8A, CryEB, and
Cry8C, have sufficient oral toxicity against com rootworm to provide sdequate field
control if delivered, for example, through microbes or transgenic plants. Therefore, other
approaches for producing novel toxins active against corn rootwarm need to be explored.

[0011] As more knowledge has been gainod as to how the §-endotoxins function,
attompts to engineor $-endotoxins to have new activitios have increased. Engineering 8-
endotoxing was made more possible by the solving of the three dimensional structure of
Cry3Ain 1991 (Li et al., 1991, Nature 353:815-821). The protein has three structural
domains: the N-terminel domain I, from residues 1-290, consists of 7 alpha helices,
damain IT, from residnes 291-500, contains three beta-sheets and the C-termingl domain
IH, from residues 501-644, is a beta-sandwich. Basad on this stracture, a hypothesis has
been farmmlated regarding the structure/function relationship of the 5-endotoxins. It is
generally thought thar domain I Is primarily responsibls for pare formation in the insect
gut membrane (Garit and Shai, 1993, Appl. Environ. Microblol. 57:2816-2820), domain
11 is primerily responsible for interaction with the got receptar (Ge ef al., 1991, J. Biol.
Chem. 32:3429-3436) and that domain III s most likely involved with protein stability
(Li et al. 159, supra) as well as having a regulatory impact on ion channel activity (Chen
et al., 1993, PNAS 90:9041-5045).

[0012]  Lepidopteran-active §-endotaxing have been engineered in attempts o improve
specific activity or to broaden the spectrum of insecticidal activity. For example, the silk
moth (Bombyx mori) specificity domain from CrylAa was moved to CrylAc, thus
imparting a new insecticldal activity to the resulting chimeric protein (Ge of al. 1989,
PNAS 86: 4037-4041). Also, Bosch 7 al. 1998 (US Patent 5,736,131), cresied a new
lepidopteran-active toxin by substituting domain IN of Cry1R with domsin IIf of Cry1C
thus producing s Cry1E-Cry1C hybrid taxin with a broader spectrum of ispidopteran
activity.

[0013]  Sevexal attsmpts at cugineering the coleopteran-active 3-endotoxing have besn
reported. Van Rie et al., 1997, (US Patent No. 5,659,123) engincered Cry3A by mndomly
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replacing amino acids, thought to be important in solvent accessibility, in domain II with
the amino acid alanine. Sevaral of these random replacements coufined to receptor
binding dormain I were reportedly involved in increased western com rootworm toxicity.
However, others have shown that some: alanine replacements in domain IT of Cry3A result
in disruption of receptor binding or structoral instability (Wu and Dean, 1996, J. Mol
Biol. 255: 628-640). English er al., 1999, (Intl. Pat. Appl. Publ. No. WO 99/31248)
reparted amino acid substitutions in Cry3IBb that caused increases in toxicity to southem
and weatern corn rootworm. However, of the 35 reparted Cry3Bb mutants, only three,
with mutations primarily in domain IT and the domein II-domain  interface, were active
againgt western com rootworm. Purther, the differences in toxicity of wild-type Cry3Bb
Against western comn rootworm in the aame assays were grester than any of the
differences botween the mutated Cry3Bb toxins and the wild-type Cry3Bb. Therefare,
improvements in toxicity of the Cry3Bb mutants appear to be confined primarily to
southern corn rootworm.

[0014]  Thers remains a need to design new and effectivo pest control agents that provide
an econamic benefit to farmers and that are environmentally acceptable. Particularly
needed are modified Cry3A toxins that control westem com rootworm, the major pest of
com in the Unitod States, that are or could become resistant o existing insect control
agenty. Purthermore, agents whose application minimizes the burden on the environment,
as through transgenic plants, are desirable. ,

SUMMARY

[0015] In visw of these nceds, it is an object of the present invention to provide navel
nucleic acid sequences encoding modified Cry3A toxins baving increased toxieity to com
rootwaorm. By inserting a protease recognition site that is recognized by a target-insect gut
protease in a1 least one position of a Cry3A toxin, in accardance with the present
invention, a modified Cry3A toxin having aignificantly greater toxicity, particularly o
westorn and northern ¢orn roctwonm is designed. The invention is further drawn to the
novel modified Cry3A toxins resulting from the expression of the nucicic acid sequences,
and to compositions and formulations containing the modificd Cry3A toxins, whichere
capable of inhibiting the ability of insact pests to survive, grow and reproduce, or of
limiting insect-related damage or losz to crop plants. The invention is forther dmwn o a
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method of making the modified Cry3A toxins and to methods of using the modified
cry3A nuckic acid sequences, for example in microorgeniams to control insects oc in
transgenic plants to confer protection from insect damage, and to a method of using the
modifisd Cry3A toxins, and compositions and formulations comprising the modified
Cry3A toxing, for example applying the modified Cry3A toxins or compositions or
formulations to insect-infeated areas, or to prophylactically treat insect-susceptible areas
or plants %o confer protection against the insect pests.

[0016] The novel modified Cry3A toxins described herein are highly active against

insects. For example, the modified Cry3A toxins of the prescat invention can be used to

control economically important insect pests such as western com rootwonn (Diabrotica

virgifera virgifera) and nosthern corn rootworm (D. longicornis barberi). The modified

Cry3A toxing cxn be used singly or in combination with other insact control strategios to
confer maximal pest control efficiency with minimal environmental impact.

[0017] According to one aspect, the present invention provides an isolated nucleic acid

molecule comprising a nucleotide sequence that encodes a modified Cry3A toxin,
wharein the modified Cry3A toxin comprises at least ono additional protease recognition
site that does not naturally occur in a Cry3A toxin. The additional protease recognition
site, which iy recognized by a gut proteass of a target insect, is insertod at spproximately
the same position as a paturally occurring protease recognition site in the Cry3A toxin.
The modified Cry3A toxin causes highar mortality to a target insect than the mortality
caused by a Cry3A toxin to the same target insect. Preferably, the modified Cry3A toxin
cansos at least about 50 9% mortality to a target insect to which a Cry3A toxin causcs only
up io aboai 30% mortality.

[0018] In one embodiment of this aspece, the gut protease of & target insect is selected

from the group consisting of sorine proteases, cysicine protaases sud sspartic proteases.
Preferable serine proteases acconding to this embodiment include cathepsin G, trypsin,
chymotrypain, carboxypeptidase, endopeptidase and elzstase, most prefersbly cathepsin
G.

[0019] In ancther embodiment of this aspect, the additional protease recognition site is
inserted in either domain 1 or domain III or in both domain I and domain I of the Cry3A

toxin. Preferably, the additional proteass recognition site is inserted in either domain ] or
domain I or in both doamain I and domain 111 at 2 position that replaces, is adjaceat to, or
is within a naturally occurring protzase recognition site.
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[0020]  Ina yet another embodiment, the additional protease recognition site is inserted in
domain I between amino acids corresponding to amino acid numbers 154 and 162 of SEQ
ID NO: 2. Preferably, the additional protease recognition site is inserted between amino
acid numbers 154 and 162 of SEQ ID NO: 2 or between amino acid numbers 107 and 115
of SEQ ID NO. 4.

(0021]  In atill another embodiment, the additional protease recognition site is inserted
between amino acids commesponding to amino acid numbers 154 and 160 of SEQ ID NO:
. 2. Preferably, the additional protease recognition site is inserted between amino acid
numbers 154 and 160 of SEQ ID NO: 2 or between amino acid numbers 107 and 113 of
SEQ ID NO- 4.

[0022) In afurther embodiment, the additional protease recognition site is inserted in
domain I between amino acids corresponding to amino acid numbers 154 and 158 of SEQ
ID NO: 2. Preferably, the additional protease recognition site is inserted in domain I
between amino acid mumbers 154 and 158 of SEQ ID NO: 2 or between amino acid
numbexs 107 and 111 of SEQ ID NO: 4.

[0023] In another embodiment, the additional protease recogniticn site is inserted in
domein I between amino acids corresponding to amiro acid numbers 583 and 389 of
SBQ ID NO: 2. Preferably, the additional protease site is inserted in domain III between
amino acid numbers 583 and 589 of SBQ ID NO: 2 or between amino acid numbers 536
and 542 of SEQ ID NO: 4.

[0024] In mill anothar embodiment, the additional proteass recognition site is inserted in
domain Il between amino acids corresponding to amino acid numbers 583 and 588 of
SEQ ID NO: 2. Preferably, the additional proiease site is inserted in donain IIT between
amino acid numbers 583 and 588 of SEQ ID NO: 2 or between amino acid numbers 536
and 541of SEQ ID NO: 4.

[002S5] In yet ancther embodiment, the additional protease recognition site is inserted in
domain I bestween amino acids corresponding to amino acid numbers 587 and 588 of
SEQ ID NO: 2. Preferably, the additional protease site is insertod in domain Il between
amino acid numbers 587 and 588 of SEQ ID NO: 2 or between amino acid numbers 540
and 541 of SEQ ID NO: 4.

[0026] In one embodiment, the additional protesse recognition site is ingertad in domain I
and domain I of the unmodified Cry3A toxin. Preferably, the additional protcase
recognition sito is inserted in domain I at a position that replaces or is adjacent to a

T
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naturally occurring protease recognition site and in domain I1I at a position that is within.
replaces, or is adjecent to a naturally occuiring protease recognition site.

[0027]  In another embodiment, the additional protease recognition site is insertad in

domain I between amino acids carrespanding to amino acid numbers 154 and 160 and in
domain III between amino acids corregponding to amino acid numbers 587 and 588 of
SEQ ID NO: 2, Preferably, the additional protease recognition site is inserted in domain |
between amino acid numbers 154 and 160 and in domain Il between amino acid numbers
587 and 588 of SEQ ID NO: 2 or in domain I between amino acid numbers 107 and 113
and in domain I between amino acid mrmbers 540 and 541 of SEQ ID NO: 4.

[0028]  In yet another embodiment, the additional protesse recognition site is located in
" domain I between amino acids corresponding to amino acid numbers 154 and 138 and in

domain III between amino acids corresponding to amino acid numbers 587 and 588 of
SEQ ID NO: 2. Prefembly, the sdditional proteass recognition site is inserted in domain I
betwaen amino acid numbers 154 and 158 and in domain III between amino acid numbers
587 and 588 of SEQ ID NO: 2 or in domain I between amino acid numbers 107 and 111
and in domain II between amino acid mumbers 540 and 541 of SEQ ID NO: 4.

[0029]  In another embodiment, the additional protease recognition it is located in

domain I between amino acids corresponding to amino acid numbers 154 and 158 and in
domain IIT between amino acids comesponding to amino acid numbers 583 and 588 of
SEQ ID NO:; 2. Preferably, the additional proteass recognition site is inserted in domain I
between amino acid numbers 154 and 158 and in domain INT between amino acld numbers
583 and 588 of SEQ ID NO: 2 or in domain I between amino acid numbers 107 and 111
and in domain Il between amino acid numbers 536 and 341 of SEQ ID NO: 4.

[0030] In a preferred embodiment, the isclated mcleic acid molecule of the present

invention comprises nucleotides 1-1791of SEQ ID NO: 6, nucleotides 1-1806 of SEQ ID
NO: 8, nucleotides 1-1818 of SEQ ID NO: 10, mucleotides 1-1794 of SEQ ID NO: 12,
nucleotides 1-1812 of SEQ ID NO: 14, nocleotides 1-1812 of SEQ ID NO: 16,
nucleotides 1-1818 of SEQ ID NO: 18, or mucleotides 1-1791 of SEQ ID NO: 20.

(0031}  In another preferred embodiment, the isolated nucleic acid molecule of the

invention encodes & modified Cry3A toxin comprising the amino acid sequence set forth
in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15,
SEQ ID NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21.
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[0032] According to onc embodiment of the invention, the isolated nucleic acid molecule
encodes & medified Cry3A toxin that is active against a coleopteran insect. Proferably, the
madified Cry3A toxin has activity against westermn com rootworm.

[0033] The present invention provides a chimeric gene comprising a heterologous
promoter sequence operatively linked to the nucleic acid moleculs of the invention. The
present invention also provides a recombinant vector comprising such a chimeric gene.
Further, the present invention provides a transgenic non-human host cell comprising such
a chimeric gene. A transgenic host cell according to this aspect of the invention may be a
bacterial cell or a plant cell, preferably, a plant cell. The present invention further
provides a transgenic plant comprising such a plant cell. A transgenic plant according to
this aspect of the invention may be sorghum, wheat, sunflower, tomato, potato, cole
crops, cotton, rice, soybean, sugar beet, sugarcane, tobacco, barfey, oilseed rape, o
maize, preforably, maize. The present invention also provides seed from the group of
transgenic plants consisting of sorghum, wheat, sunflower, tomato, potato, cole cTops,
cotton, rice, soybean, sugar beet, sugarcane, tobecco, barley, cilseed rape, and maize. Ina
particularly preferred embodiment, the seed is from a transgenic maize plant.

[0034]  In snother aspect, the present invention provides toxins produced by the
expression of the nucleic acid molecules of the present inveation. In a preferred
embodiment, the toxin is produced by the expression of the micleic scid molecule
comprising nucleotides 1-1791of SBQ ID NO: 6, nucleotides 1-1806 of SEQ ID NO: 8,
nncleotides 1-1818 of SEQ ID NO: 10, mcleotides 1-1794 of SEQ ID NO: 12,
nuclectides 1-1812 of SEQ ID NO: 14, nuclectides 1-1812 of SEQ ID NO: 16,
nucleotides 1-1818 of SEQ ID NO: 18, or nucleotides 1-1791 of SEQ ID NO: 20.
[0035] In another embodiment, the tnxins of the invention are active against coleopteran
insects, preferably against western corn rootworm.,

[0036] In one embodiment, & toxin of the present invention comprises the amino acid
sequence set forth in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13,
SEQ ID NO: 15, SBQ ID NO: 17, SEQ IID NO: 19, or SEQ ID NO: 21.

[0037]1  The present invention also provides a compoaition comprising an effective insoct-
controlling amount of s toxin according to the invention.

[0035]  In another aspect, the present invention provides a method of producing a toxin
that is active against insects, comprising: (s) obtaining a host cell comprising a chimexic
gene, which itself comprises a heterologous promater sequence operatively linked to the
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nucleic acid molecule of the invention; and (b) expressing the nucleic acid molecule in
the transgenic host cell, which results in at least one toxin that is active against insects.
[0039] Ina further aspect, the present invention provides a method of producing an
insect-resistant transgenic plant, comprising introducing a nucleic acid molecule of the
invention into the transgenic plant, whersin the nucleic acid molecule is expressible in the
transgenic plant in an effective amount to control insects. In a preferred embodiment, the
insccts are coleoptemn insects, praferably western corn reotworm.

[0040] In yeta further aspect, the present invention provides a method of controlling
insccts, comprising delivering to the insects an effective amount of a toxin of the
invention. According to one embodiment, the insects sre coleopteran insects, preferably,
westermn com rootworm.

[0041]  Preferably, the toxin is delivered 1o the insacts orally. In one preferred
embodiment, the taxin is delivered orally throngh a transgenic plant comprising & mocleic
acid sequence that expresses & toxin of the present invention.

[0042]  Also provided by the present invention is 8 method of making & modified Cry3A
toxin, comprising: (a) obtaining a c7y3A wain gene which encodes a Cry3A toxin; (b)
identifying a gut protease of a target insect; (c) obtaining a nuclectide sequence which
cucodes a recognition sequence for the gut protease; (d) inserting the nucleotide sequence
of (c) into either domain 1 or domain I or both domain I and domain III at & position that
replaces, is within, or adjacent to a nuclectide sequence that codes for a naturally
occurring protease recogaition site in a cry3A toxin geoe, thus creating a modified cry3A
taxin gene; () inserting the modified e7y3A toxin gene in an expression cassette; ()
expressing the modified cry3A toxin gene in 2 non-human host cell, resulting in the host
cell producing a modified Cry3A toxin; and, (g) bioassaying the modified Cry3A toxin
against a tarpet insect, whereby the modified Cry3A toxin causes higher mortality to the
target insect than the mortality caused by a Cry3A toxin. In s preferred embodiment, the
modified Cry3A taxin causes at least about 509% mortality to the target insect when the
Cry3A toxin causes up to about 30% mostality.

[0043]  The present invention further provides a method of controlling insects wherein the
transgenic plant further comprises a second nucleic acid sequance or groups of nucleic
acid sequences that encode a second pesticidal principle. Particularly preferred second
mucleic ecid sequences are those that encode a -endotoxin, those that encode a
Vegetatve Insecticidal Protein toxin, disclosed in U.S. Patents 5,849,870 and 5,877,012,

11



gTEBE

"Tah

FTOTFEBD

Case No. S-60065P1

incorporated herein by reference, or those that encode a pathway for the production of a

[0044]  Yet another aspect of the present invention is the provision of a method for

mutagenizing a nucleic acid molecule according to the present inveation, wherein the
nucleic acid molecule has been cleaved into populations of double-stranded random
fragments of a desired size, comprising: (a) adding to the population of double-stranded
random fragments one or more single- or double-stranded oligonucleotides, wherein the
oligonucleotides each comprise an area of identity and an area of heterology to a double-
stranded templats polynuclectide; (b) denaturing the resultant mixture of double-strandad
random fmgments and oligonuclectides into single-stranded fragments; (¢) incubating the
resultant popelation of single-stranded fragments with polymerase onder conditions
which regult in the annealing of the single-stranded fragments at the aress of ideutity 10
form pairs of annealed fragments, the areas of idextity being sufficient for one member of
the pair to prime replication of the other, thereby forming & mutagenized double-stranded
polynucleotide; and (d) repeating the second and third steps for at least two further cycles,
wherein the resultant mixture in the second step of a further cycle includes the
mutagenized double-stranded polynucleotide from the third step of the previous cycle,
and wherein the further cycle forms a further mutagenized double-stmnded
polynucieatide.

[0045]  Other aspects and advantages of the present invention will become apparent to

those skilled in the art from 2 study of tha following description of the invention and non-
limiting examples.

BRIEF DESCRIPTION OF THE SEQUENCES IN THE SEQUENCE LISTING

SEQ ID NO: 1 is the native cry3A coding region.

SEQ ID NO: 2 is the amino acid sequence of the Cry3A toxin encoded by the native
cry3A gene.

SEQ ID NO: 3 is the maize optimized cry3A coding region beginning at nucleotide
144 of the native cry3A coding region.

SEQ ID NO: 4 is tho amino acid sequence of the Cry3A toxin encoded by the maizs

SEQ ID NO: § is the nucleotide sequence of pCIB6850.

12
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SEQ ID NO: 6 is the maize optimized modified cry3A054 coding sequence.

SEQ ID NO: 7 is the amino acid sequence encoded by the aucleotide sequence of
SEQID NO: 6.

SEQ ID NO: 8 is the maize optimized modified cry3A055 coding sequence.

SEQ ID NO: 9 is the amino acid seqoence encoded by the nucleotide sequence of
SEQIDNO:8.

SEQ ID NO: 10 is the majze optimized modified cry3A085 coding sequence.

SEQ ID NO: 11 is the amino acid sequence encoded by the nucleotide sequence of
SEQID NO: 10.

SEQ ID NO: 12 is the maize optimized modified cry3A082 coding sequence.

SEQ ID NO: 13 is the amino acid sequence encoded by the nuclootide sequence of
SEQIDNO: 12.

SEQ ID NO: 14 iy the maize optimized modified ery3A058 coding sequence.

SEQ ID NO: 15 is the amino acid sequence encoded by the nucleotide sequence of
SEQIDNO: 14.

SEQ ID NO: 16 is the maize optimized modified cry3A057 coding sequence.

SEQ ID NO: 17 is the amino acid sequence encoded by the nucleotide sequence of
SEQ ID NO: 16.

SEQ ID NO: 18 is the maize optimized modified ¢ry3A0S6 coding sequence.

SEQ ID NO: 19 is the amino acid sequence encoded by the nucleotide sequence of
SEQID NO: 18.

SEQ ID NO: 20 is the maize optimized modified cry3A083 coding sequence.

SEQ ID NO: 21 is the amino acid sequence sacoded by the nucleotide soquence of
SEQ ID NO: 20.

SEQ ID NOS: 22-34 are PCR primarz useful in the present invention.

SEQ ID NO: 33 is an amino acid sequeace comprising a cathepsin G recognition site.

SEQ ID NO: 36 is an amino acid sequence comprising a cathepsin G recognition site.

SEQ ID NO: 37 is an amino acid sequance comprising a cathepsin G recognition sits.

SEQ ID NO: 38 is an amino acid sequence comprising a cathepsin G recognition site.

DEFINITIONS

13
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[0046) For clarity, certain terms used in the specification are defined and presented as
follows:

[0047]  “Activity" of the modified Cry3A taxins of the invention is meant that the
modified Cry3A toxins function as omtly active insect control agents, have a toxic effect.
or are able to diarupt or deter insect feeding, which may or may not cause death of the
insect. When a modified Cry3A toxin of the invention is delivered to the insect, the regult
is typically death of the insect, or the insect does not feed upon the source that makes the
modified Cry3A toxin available to the insect.

[0048] “Adjacent 10™- According to the present invention, an additiona] protease
recognition site is “adjacent to” a naturally occurring protease recognition site when the
additional protease recognition site is within four residues, preferably within three
residues, more preferably within two residues, and most preferably within one residue of
a naturally occurring proteaso recognition site. For example, an additional protease
recognition site inserted between Pro-154 and Arg-158 of the deduced amino acid
sequence of a Cry3A toxin (SEQ ID NO: 2) is “adjacent to” the naturally occurring
trypsin recognition site located between Arg-158 aud Asn-159 of the deduced amino acid
sequence of the Cry3A toxin (SEQ ID NO: 2).

[0049]  The phrase “approximately the same position™ as used herein to describe the
location where am additional protease recognition site is inserted into a Cry3A toxin in
relation to a naturally oceurring protease recogwition site, mesns that the location is at
most four residues away from a naturally occurring protecase recognition site. The location
can also be three or two residues away from a naturally occwrring protease recognition
xite. The location can also be cne residus away from a natunally occwrring protease
recognition site. “Approximately the same position™ can also mesn that the additional
protease recognition site is inserted within & naturally occurring protease recogmition site.
[0050]  “Associated with / operatively linked” refer to two nucleic acid sequences that are
related physically or functionally. For example, a promoter or rogulatory DNA sequence
is said to be "associated with” a DNA sequence that codes for an RNA or a protein if the
two sequences are operatively kinked, or sitnated such that the regulatory DNA sequence
will affect the expression level of the coding or structural DNA sequence.

[0051] A “chimeric genc® or “chimeric construct” is a recombinant nucleic acid sequence
in which a promoter or rogulatory nucleic acid sequence is operatively linked to, or

14
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associated with, a nucleic acid sequence that codes for an mRNA or which is expressed as
a protein, such that the regulatory nucleic acid sequence is able t» regulate tranacription
or expression of the associated nucleic acid coding sequence. The regulatory nucleic acid
sequence of the chimeric gene is not normally operatively linked to the associated nucleic
acid sequence as found in natare.

[0052] A "coding sequence® is a nucleic acid sequance that is transcribed into RNA such
as mRNA, rRNA, tRNA, snRNA, sensc RNA or antiscnse RNA. Preferably the RNA is
then translated in an organism to produce a protein.

[0053] To "control” insects means to inhibit, through & toxic effect, the ability of insect
pests to survive, grow, feed, and/or reproduce, or to limit ingect-related damage or loss in
crop plants. To “control” insects may or may not mean killing the insects, although it

[0054] Camesponding to: in the context of the present invention, “comresponding w™
means that when the amino acid sequences of variant Cry3A S-endotoxins are alignad
with each other, the amino acids that “comespond to” certain enumerated positions in the
present inventicxi are those that align with these positicas in the Cry3A toxin (SEQ ID
NO: 2), but that are not necessarily in these exact numerical positions relative to the
particular Cry3A amino acid sequence of the invention. For example, the maize
optimized cry3A gene (SEQ ID NO: 3) of the inventian encodes a Cry3A toxin (SEQ ID
NO: 4) that begins at Met-48 of the Cry3A toxin (SEQ ID NO: 2) encoded by the native
cry3A gene (SEQ ID NO: 1). Therefore, according to the present invention, amino acid
numbers 107-118§, including all numbers in between, and 536-541, incinding all pumbers
in between, of SEQ ID NO: 4 correspond to amino acid mmnbers 154-163, and all
numbers in between, and 583-588, and all numbers in between, respectively, of SBQ ID
NO: 2.

[0055] A “Cry3A toxin”, as used herein, refers to an approximately 73 kDa Bac/llus
thuringiensis vex. tenebrionis (Kreig et al., 1983, Z. Angew. Entomol. 96:500-508) (Bt)
colsopteran-active protein (Sekar et al., 1987, Proc. Nalt. Acad. Sci. 84:7036-7040), for
exampls SEQ ID NO: 2, as wall as any truncated lower molecular weight vaxiants,
derivable from a Cry3A toxin, for example SBQ ID NO: 4, and retaining substantially the
same toxicity as the Cry3A toxin. The lower molecular weight variants can be obtained
by proteass cleavage of naturally occurring protease recognition sites of the Cry3A toxin
or by a second translational initiation codon in the same frame as the transiational
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initiation codon coding for the 73 kDa Cry3A toxin. The amino acid sequence of a Cry3A
toxin and the lower molecular weight variants thereof can be found in a toxin naturally
occurring in Bt A Cry3A toxin can be encoded by a native Bt gene as in SEQ ID NO: |
or by a synthetic coding sequence as in SEQ ID NO: 3. A “Cry3A toxin” does not have
any additional protease recognition sites over the protease recognition sites that naturally
occur in the Cry3A toxin. A Cry3A toxin can be isolated, purified or expressed in a
heterologous syseem.

[0056) A “cry3A gene”, as used herein, refers to the nucleotide sequence of SEQ ID NO:
1 or SEQ ID NO: 3. A cry3A gene (Seker et al., 1987, Proc. Natl, Acad. Sci. 84:7036-
7040) can be naturally occurring, as found in Bacillus thuringisnsis var. tenebrionis
(Kreig ef al., 1983, Z. Angew. Entomol. 96:500-508), or synthetic and encodes & Cry3A
toxin. The cry3A gone of this invention can be referred 10 as the native cry3A geoe as in
SEQ ID NO: 1 or the maize-optimized cry3A gene as in SEQ ID NO: 3.

[0057] To "deliver” a toxin means that the toxin comes in contact with an inssct, resulting
in toxic effect and control of the insect. The toxin can be deliverad in many recognized
ways, &.8., onlly by ingestion by the insect or by contact with the insect via transgeaic
plant expression, formulated protein composition(s), sprayable protein composition(s), a
bait matrix, or any other art-recognized toxin delivery system.

[0058] “Effective insect-controlling amount™ means that concentration of toxin that
inhibits, through a toxic effect, the ability of insects to survive, grow, feed and/or
reproduce, or to limit insect-related damage or 1oss in crop planty. “Eifective insect-
controlling amount” may or may aot meen Xilling the insects, although it preferably
[0059] “Expression cassette™ a5 used herein means a nucleic acid sequence capable of
directing expression of a particular nucleotide sequences in an appropriate host cell,
comprising a promoter opersbly linked to the nucleotids sequence of intorest which is
operably linked to termination signals. k also typically comprises sequences required for
proper translation of the nucleotide sequence. The expression cassetts compriging the
nucleotide sequence of interest may be chimeric, meaning that at least ons of its
components is heterologous with respect to at least one of its other components. The
expression cassette may also be one that is natorally occurring but has been obtainad in &
recombinant form useful for heterologous exprassion. Typically, however, the expression
cassette is beterologous with respect to the host, i, the particolar nocleic acld sequence
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of the expression cassette does not occur naturally in the host cell and must have been
introduced into the host cell or an ancestor of the host cell by a transformation event. The
expression of the nucleotide sequence in the expression casseite may be under the control
of a constitutive promoter or of an inducible promoter that iniates transcription only
when the host cell is sxposed to some particular external stimulus. In the case of a
multicellular organizm, such as a plant, tho promoter can also be specific to a particular
tissue, or organ, or stage of development.

[0060] A "gene” is a defined region that is located within a penome and that, besides the
aforementioned coding nucleic acid sequence, comprises other, primarily regulatory,
nucleic acid sequences responaible for the contral of the expression, that is to say the
transcription and tanslation, of the coding poction. A geno may also comprise other 5°
and 3’ uniranslated sequonces and termination sequences. Purther elements that may be
present are, for example, introns.

[0061] “Geno of interest” refers to any gene which, when tnmsfexved 1o a plant, confers
upon the plant a desired characteristic such as antibiotic resistance, virus resistance, insect
resistance, disease resistance, or resistance to other pests, hesbicide tolerance, improved
nutritional value, improved performance in an industrial process or altered reproductive
capability. The "gene of interest” may also be one that is transferred to plants for the
production of commexcially valuable enzymes or metabolites in the plant.

[0062] A “gut protease” is a protease naturally found in the digestive tract of an insect.
This proteass is usnally involved in the digestion of ingested proteins.

[0063] A "heterologous” mcleic acld sequence is a nucleic acid sequonce not paturally
associawd with a host cell into which it is introduced, including non- naturally occwrting
multiple copies of & patumally occurring nucleic acid sequence.

{0064] A "homologous” mucleic acid soquence is a nucleic acid sequence naturally
associated with & host cell into which it is introduced.

[0065] “Homalogous recombination” is the reciprocal exchange of nucleic acid fragments
between homalogous nuclele acid molecules.

‘66] *Insccticidal” is defined as a toxic biological activity capabic of controlling
insects, preferably by killing them.

[0067] A nucleic acid sequence is "isocoding with* a reference nucleic acid sequence
when the aucleic acid sequence encodes a polypeptide having the game amino acid
sequence a5 the polypeptide encoded by the reference nucleic acid sequence.

17
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[0068]  An "isolaed” nucleic acid molecule or an isolated toxin is a nucleic acid molecule
or toxin that, by the hand of man, exists apart from its native environment and is therefore
not a product of nature. An isolated nucleic acid molecule or toxin may exist in a purified
form or may exist in a nog-native environment such as, for example, a recombinant host
cell.

[0069] A “modified Cry3A toxin” of this invention, refers to a Cry3A-derived toxin
having at lcast one additional protease recognition site that is recognized by a gut protease
of & target insect, which does not naturally oceur in a Cry3A toxin. A modified Cry3A
toxin is not naturally occurring and, by the hand of man, comprises an amino acid
sequence that is not identical to a naturally occurring toxin found in Bacilixs
thuringiensis. The modified Cry3A roxin causes higher mortality to a target insect than
the mortality cansed by & Cry3A toxin to the samns target insect.

[0070] A “modified c7y3A gene™ according to this invention, refars to 8 cry3A-derived
gene comprising the coding sequence of at least onc additional protease recognition site
that does not paturally occur in an unmodified c7y3A gene. The modified cry3A gene can
be derived from a native ery3A gene or from a synthstic cry3A gene.

[0071}] A “natumally occurring protease recogaition site” is 2 location within 2 Cry3A
toxin that is clcaved by a non-insect derived protease or by a protease or gut extract from
an insect species susceptible to the Cry3A toxin. For example, a naturally occurring
protease recognition site, recognized by trypsin and proteases found in a susceptible
insect gut extract, exists betwean Arg-1358 and A2n-159 of the deduced Cry3A toxin
amino acid sequence (SEQ ID NO: 2). Naturally occurring protease recognition sites,
recognized by chymotrypsin, exist between His-161 and Ser-162 as well as between Tyr-
587 and Tyr-588 of the deduced Cry3A toxin amino acid sequence (SEQ ID NO: 2).
[0072]1 A "nucleic acid molecnle” or "nucieic acid sequance” is a lincar segment of
gingle- or double-stranded DNA or RNA that can be isolated from any source. In the
context of the present invention, the nucleic acid molecule is preferably a segment of
DNA.

QO‘D] A “plant” is any plant at any stage of development, particularly a soed plant.
[0074] A "plant cell” is a structural and physiological unit of a plant, comprising a
protoplast and a cell wall. The plant cell may be in the form of an isolated single cell ora
cultured cell, or as a part of a higher organized unit such as, for example, plant tissee, &
plant organ, or a whole plant.
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[007S]  “Plant call culture” means cultures of plant units such as, for example, protoplasts,
cell culture cells, cells in plant tissues, pollen, pollen tubes, ovules, embryo sacs, Zygotes
and embryos at various stages of development.

[0076])  "Piant material” refers to leaves, stems, roots, flowers or flower parts, fruits,
pollen, egg cells, zygotes, seeds, cuttings, cell or tissue cultures, or any other part or
product of a plant. .

[0077] A "plant organ” is a distinct and visibly structured and differentiated part of a
plant such as a root, stem, leaf, flower bud, or embryo. :

[0078]  "Plant tissuc" as used herein means a group of plant cells arganized into a
structural and functional unit. Any tissue of » plant in planta or in culture is included.
This term includes, but is not limited to, whoile plants, plant crgans, plant sceds, tissuc
culture and any groups of plant cells argenized into structinl and/or functional units. The
use of this term in conjunction with, or in the absence of, any specific type of plant tissue
as listed above or otherwise embraced by this definition is not intended to be exclusive of
any other type of plant tissne.

A "promoter” is an untranslated DNA sequence upstream of the coding region that
coutains the binding site for RNA polymerase and initiates transcription of the DNA. The
pramoter region may also include other elements that act as regulators of gene expression.

[0080] A “protoplast” is an isclated plant cell without a cell wall or with only parts of the
cell wall.

[0081] “Regulatory elements™ refer to sequences involved in controlling the expression of
& nucleotide sequence. Regulatory elements compriss a pronioter operably linked to the
nuclectide sequence of interest and termination signsls. They also typically encompass
sequences required for proper translation of the nuclactide sequence.

[0082] ‘“Replaces” a natunlly occurring protease recognition site - According to the
present invention, an additional protease recognition site “roplaces™ a naturally occurring
proteass recognition site when insertion of the additional protease recoguition site
climinatos the naturally occurzing protease recognition site. For example, an additional
protease recognition site nserted between Pro-154 and Pro-160 of the deduced amino
acid sequence of a Cry3A toxin (SEQ ID NO: 2) which eliminates the Arg-158 and Asn-
139 residues “replaces” the natrally occurring trypein recognition site located between
Arg-158 and Asn-159 of the deduced amino acid sequence of the Cry3A toxin (SEQ ID
NO: 2).
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[0083]  “Serine proteases™. describe the same group of enzymes that catlyzs the
hydrolysis of covalent peptidic bonds using 8 mechanizm based on nucleophilic attack of
the targeted peptidic bond by a serine. Serine proteasss are sequence specific. That is,
each serine protease recognizes a specific sub-sequence within a protein where enzymatic
recoguition occurs.

[0084] A “tarpetinsect” is an insect pest species that has little or no susceptibility to a
Cry3A toxin snd is ideutified as being » candidate for using the technology of tho present
invention to control. This control can be achicved through several means but most
preferably through the expression of the nucleic acid molecules of the invention in
transganic plants. .

[0085] A “targetinsect gut protesse” is a protease found in the gut of a target insect
whose recognition site can be inserted into a Cry3A toxin to create a modified Cry3A
toxin of the invention.

[0036] “"Trnsformation™ is a process for introducing heterologous rucleic acid into a hoat
cell or organism. In particular, "transformation” means the stable integration of a DNA
moleculs into the genome of an organism of interest. *

[0087] “Transformed / transgenic / recambinant” refer to & host organism sach as &
bacterium or a plant into which a heterologous nucleic acid molacule has been introduced.
The nucleic acid molecule can be stably integrated iuto the genome of the bost or the
mucleic acid molecule can also be present as an extrachromosomal molecule. Such an
extrachromosomal molecnie can be anto-replicating. Transformad cells, tissues, or plants
are understood to encompass not only the end product of a tranaformation process, but
also transgenic progeny thereof. A “non-transformed”, "non-transgenic”, ar “non-
recombinant” host refers to a wild-type arganism, a.g., & bacterium or plant, which does
not contain the heterologous nocleic acid molecule.

[0088] “Within" a naturally occurring protesse recognition site — Accoeding to the
present invention, an additional protease recognition site is “within™ a naturally occurxing
Pproteass recognition site when the sdditional protsase secognition site lics betwoon the
amino acid residue that comes before and the amino acid residue that comes after the
paturally occurring prosease recognition site. For example, an additional protease
recognition sito fuserted between Tyr-587 and Tyr-588 of the dedoced amino acid
sequence of a Cry3A wxin (SEQ ID NO: 2) is “within™ a naturally occorring
chymotrypsin recognition site located between Tyr-587 and Tyr-588 of the dednced
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amino acid sequence of the Cry3A toxin (SEQ ID NO: 2). The insertion of an additional
protease recognition site within a naturally occurring protease recognition site may or
may not change the recognition of the naturally occurring protease recognition site by a
protease.

[0089]  Nucleotides are indicated by their bases by the following standard abbreviations:
adenins (A), cytosine (C), thymine (T), and guanine (G). Amino acids are likawise
indicated by the following standard abbreviations: alanine (Ala; A), arginine (Arg; R),
asparagine (Asn; N), aspartic acid (Asp; D), cysteine (Cys; C), glutamine (Gin; Q),
glutamic acid (Glu; E), glycine (Gly; G), histidine (His; H), isoleucine (Ile; 1), leucine
(Lew; L), lysine (Lys; K), methionine (Met; M), phenylalanine (Phe; F), protine (Pro; P),
serine (Ser; S), threomine (Thr; T), tryptophan (Trp; W), tyrosine (Tyr; Y), and valine
(Val; V).

DESCRIPTION

.090] This invention relates to modified cry3A. nucleic acid sequences whose expression
results in modified Cry3A toxins, and to the making and wsing of the modified Cry3A
toxing to control insect pasts. The expression of the modified c7y3A mucleic scid
sequences results in modified Cry3A toxins that can be used to control coleopteran
insects such as western com rootworm and northern com rootworm. A modified Cry3A
toxin of the present invention comprises at least one additional protease recognition sito
that does not naturally occur in & Cry3A toxin. The additional protcase recognition site,
which is recognized by & gut protesse of & target insect, is inserted at spproximasely the
sume position as a naterally occurring protoase recognition site in a Cry3A toxin. The
madified Cry3A toxin causes higher mortality to a target insect than the mortality caused
by & Cry3A toxin to the same target insect. Preferably, the modified Cry3A toxin canses
at least about 50 % mortality to the target insect to which s Cry3A toxin causes up o
about 30% mortality.

.091] In cas preferred embodiment, the inveation encompesses an isalated nucieic acid
molecule that eocodes a maodified Cry3A toxin, wherein the additional protease
recognition site is recognized by the target insect gut protease, cathepsin G. Cathepsin G
activity is determined to be present in the gut of the target insect, western com roctworm,
as described in Example 2. Preferably, the substrate amino acid sequence, AAPF (SEQ ID
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NO: 35), used to detarmine the presence of the cathepsin G activity is inserted into the
Cry3A taxin accarding to the present invention. Other cathepsin G recognition sites can
alzo be used according to the present invention, for example, AAPM (SEQ ID NO: 36),
AVPF (SEQ ID NO: 37), PFLF (SEQ ID NO: 38) or other cathepsin G recognition sites
as determined by the method of Tanaka ez al., 1983 (Biochemistry 24:2040-2047),
incorporated herein by reference. Protease recognition sites of other proteases identified
in a target insect put can be used, for example, protease recognition sites recognized by
other serine proteases, cysieine profeases and aspartic proteases. Preferable serino
proteases encompassed by this embodiment inclnde trypsin, chymotrypsin,
carboxypeptidase, endopeptidase and clastase.

[0052] In another preferred embodiment, the invention encompasses an isolated nucleic
acid molecule that encodes a modified Cry3A toxin wherein the additional protease
recognition site is inserted in sither domain I or domain I or in both domain I and
domain III of the Cry3A toxin. Prefembly, the additional protease recognition site is
inserted in domain I, domain ITI, or domain I and domain III st & position that replaces, is
adjacent to, or is within a naturally occurring protease recognition site in the Cry3A toxin.
toxins that comprise 2 cathepsin G recognition sits inserted in domain I, domain I, or
domain I and domain JIII at 2 position that replaces, is adjacent to, or is within a naturally
occuring protease recoghition site in the unmodified Cry3A toxin.

[0093]  Specifically examplified teechings of methods to make modified ery3A nucleic
acid molecules that encode modified Cry3A toxing can be foand in Example 3. Those
skilled in the art will recognize that other methads known in the art can also be used to
insext additional protease recognition sites into Cry3A toxins according to the preseat
invention.

[0054] In another preferred embodiment, the invention encampasses an isalated nucleic
acid molecule that encodes a modified Cry3A toxin wherein the additional protease
recognition site is inserted in domain I between amino acids coresponding to amino acid
mumbery 154 and 162 of SEQ ID NO: 2. Preferably, the additional protease recognition
Site is inserted betweon amino acid numbers 154 and 162 of SEQ ID NO: 2 or between
amino acid numbers 107 and 115 of SBQ ID NO: 4. In a preferred embodiment, the
additional protease recognition site is inserted between amino acids corresponding to
amino acid sumbers 154 and 160 of SEQ ID NO: 2. Preferably, the additional protease
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recognition site is inserted between amino acid number 154 and 160 of SEQ ID NO: 2 or
between amino acid numbers 107 and 113 of SEQ ID NO: 4. Specifically exemplified
herein is 2 nucleic acid molecule, designated cry3A054 (SBQ ID NO: 6), that encodes the
modified Cry3A054 toxin (SEQ ID NO: 7) comprising a cathepsin G recognition site
inserted in domain I between amino acid numbers 107 and 113 of SEQ ID NO: 4. The
cathepsin G recognition sitc replaces a paturally occurring trypsin recognition site and is
adjacent to & naturslly occmring chymotrypsin recognition site. When expressed in a
heterologous host, the nucleic acid moleculs of SEQ ID NO: 6 regults in insect control
activity against western com rootworm and porthern corn rootworm, showing that the
nucleic acid sequence set forth in SEQ ID NO: 6 is sufficient for such insect control
(0095] In snother preferred embodiment, the additional protease recognition site is
inserted in domain I between amino acids corresponding to amino acid oumbers 154 and
158 of SEQ ID NO: 2. Preforably, the sdditicnal protease recogrition sits is inserted ia
domain I between amino acid numbers 154 and 158 of SEQ ID NO: 2 or between amino
acid numbers 107 and 111 of SEQ ID NO: 4. Specifically exemplified berein are nucleic
acid molecules, designated cry3A055 (SEQ ID NO: 8), that encodes the modified
Cry3A055 toxin (SEQ ID NO: 9), and cry3A085 (SEQ ID NO: 10), that ancodes the
modified Cry3A085 toxin (SEQ ID NO: 11), comprising a cathepsin G recognition site
inserted in domain I between amino acid numbers 107 and 111 of SEQ ID NO: 4. The
cathepsin G recognition site is adjacont o naturally occurring trypsin and chymotrypain
recognition sites. When expressed in a heterologous host, the nucleic acid moleculo of
SHQ ID NO: 8 or SEQ ID NO: 10 results in ingect control activity against western com
rootworm and norther com rootworm, showing that the nucleic acid sequence set forth
in SEQ ID NO: 8 or SEQ ID NO: 10 is sufficient for such insect control activity.
[0096] In a proferred embodiment, the invention encompasses an isolasd nucleic acid
molecale that encodes a modified Cry3A toxin wherein the additional protsase
recognition site is inserted in domain III between amino acids corresponding to amino
acid numbers 583 and 589 of SEQ ID NO: 2. Preferably, the additional protease site is
inserted in domain Il between amino acid numbers 583 and 589 of SEQ ID NO: 2 or
between amino acid numbers 536 and 542 of SEQ ID NO: 4.

[0097] In another prefesred embodiment, the invention encompasses an isclated nucleic
acid molecals that encodes a modified Cry3A toxin wherein the additional protesse
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recognition sito is inserted in domain III between amino acids corresponding to amino
acid nombers 583 and 588 of SEQ ID NO: 2. Preferably, the additional protease site is
inserted in domain IIT between amino acid numbers 583 and 588 of SEQ IDNO: 2 or
between amino acid numbers 536 and 541 of SEQ ID NO: 4. Specifically exemplified
herein is a nucleic acid molecule, designated cry3A082 (SEQ ID NO: 12), that encodes
the modified Cry3A082 toxin (SBQ ID NO: 13) comprising a cathepsin G recognition site

. inserted in domain I between amino acid numbers 536 and 541 of SEQ ID NO: 4. The
cathepsin G recognition site replaces a naturally occurming chymotrypsin recognition site.
When expressed in a heterologous host, tha nucleic acid molscule of SEQ ID NO: 12
regults in insect control activity against western corn rootworm and narthern corn
rootworm, showing that the nucleic acid sequence set forth in SEQ ID NO: 12 1s
sufficient for such insect control activity.

[0098])  In another prefeared embodiment, the additional proteass recognition site is
inserted in domain IIT between amino acids coresponding to amino acid numbers 587
and 588 of SEQ ID NO: 2. Preferably, the additional protease site is inserted in domain
I between amino acid numbers 587 and 588 of SEQ ID NO: 2 or between amino acid
nambers 540 and 541 of SEQ ID NO: 4. Specifically exemplified herein is a nucleic acid
molecule, designated cry3A058 (SEQ ID NO: 14), that encodes the modified Cry3A058
toxin (SEQ JD NC: 15) comprising s cathepsin G recognition site inserted in domain III
between amino acid mambers 540 and 541 of SEQ ID NO: 4. The cathepsin G recognition
site is within a aaturally occurring chymotrypsin recognition site. Whan axpressed in &
hstarologous host, the nuclsic acid molecule of SEQ D NO: 14 results in insect control
activity against western com rootworm and northern corn rootworm, ahowing that the
nucleic acid sequence set forth in SEQ ID NO: 14 is sufficient for such insect control
activity.

[0099] In yet another preferred embodiment, the invention encompasses an isolated
mucleic acid moleculs that encodes a modified Cry3A toxin wherein the additional
protease recognition site 1s inserted in doraain I between amino acids corresponding to
amino acid numbers 154 and 160 and in domain [II between amino acids corresponding
10 amino acid numbers 557 and 588 of SEQ ID NO: 2. Preferably, the additional proteass
recognition site is inserted in domain I botween amino acid mombers 154 and 160 and in
domain III between amino acid numbers 587 and 588 of SEQ ID NO: 2 or in domain I
between amino acid numbers 107 and 113 and in domain IIT between amino acid numbers
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540 and 541 of SEQ ID NO: 4. Specifically exemplified herein is a nucleic acid molecule,
designated c7y3A057 (SEQIDN : 16), that encodes the modified Cry3A057 toxin (SEQ
ID NO: 17) comprising a cathepsin G recognition site inserted in domain I between amino
acid numbers 107 and 113 and in domsin III between amino acid numbers 540 and 541 of
SEQ ID NO: 4. The cathepsin G recognition site replaces a naturally occuring trypsin
recognition site and is adjscent to a natmmally occurring chymotrypsin recognition site in
domain 1 and is within a natarally occurring chymorrypsin recognition site in domain ITL
When expressed in a heteralogous host, the nucleic acid molecule of SEQ ID NO: 16
regults in insect control activity against western carn rootworm and nosthern com
Tootworm, showing that the nucleic acid sequence set forth in SEQ ID NO: 16 is
sufficient for such insect control activity.

[00100] In yet another preferred embodiment, the additional protease recognition site is
located in domain I betweea amino acids correspanding to amino acid numbers 154 aod
158 and in domain III between amino acids comresponding to amino acid numbers 587
and 588 of SEQ ID NO: 2. Preferably, the additional protease recognition site is inserted
in domain I between amino acid numbers 154 and 158 and in domhin I between amiro
acid aumbers 587 and 588 of SEQ ID NO: 2 or in damain 1 between amino acid pumbers
107 andl 111 and in domain III between amino acid numbers 540 and 541 of SEQ ID NO:
4. Specifically exemplified herein is the nucleic acid molecule designated cry3A056
(SEQ ID NO: 18), which encodes the modified Cry3A056 toxin (SEQ ID NO: 19)
comprising a cathepsin G recognition site insexted in domain I between amino acid
numbers 107 and 111 and in domain III between amino acid numbers 540 and 54] of
SEQ ID NO: 4. The cathepsin G recognition sitz iz adjacent to naturally occurring trypsin
and chymotrypsin recogaition sites in domain I and is within a naturally occwrring
chymotrypsin recognition site in domain 1. When expressed in a heterologous host, the
nucleic acid moleculs of SEQ ID NO: 18 results in insect control activity against westem
forth in SEQ ID NO: 18 is sufficient for such insact control activity.

@h00101] 1 sl anothor preficred embodinment, the adkitious! prowase recogaition ste s
located in domain I betweon amino acids coresponding to amino acid numbers 154 and
158 and in domain ITI between amino acids comesponding to amino acid numbers 583
aud 588 of SEQ ID NO: 2. Preferably, the additional protease recognition site is inserted
in domain 1 between amino acid numbers 154 and 158 and in domain ITI between amino
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acid numbers 583 and 588 of SEQ ID NO: 2 or in domain I between amino acid numbers
107 and 111 and in domain ITI between amino acid numbers 536 and 541 of SEQ ID NO:
4. Specifically exemplified herein is a nucleic acid moleculs, designated cry3A083 (SEQ
ID NO: 20), which encodes the modified Cry3A083 toxin (SEQ ID NO: 21) compriiing a
cathepsin G recognition site inserted in domain I between amino acid numbers 107 and
111 and in domain IIl between amino acid numbers 536 and 541 of SEQ ID NO: 4. The
cathepsin G recognition site is adjacent to naturally occmrring trypsin and chymotrypsin
recognition sites in domsin I and replaces a naturally occurring chymotrypsin recognition
gite in domain I, When expressed in a heterologous host, the nucleic acid molecule of
SEQ ID NO: 20 results in insect control activity egainst western corn rootworm and
narthern corn rootworm, showing that the nucleic acid sequence aet farth in SEQ ID NO:
20 is sufficient for such insect control activity.

{00102] I = preferred embodiment, the isolated nucleic acid molecule of the present
invention comprises nucleotides 1-1791of SEQ ID NO: 6, mucleotides 1-1806 of SEQ ID
NO: 8, nucleotides 1-1812 of SEQ ID NO: 10, nucleotides 1-1794 of SEQ ID NO: 12,
nucleotides 1-1818 of SEQ ID NO: 14, nucleotides 1-1812 of SEQ ID NO: 16,
nucleotides 1-1791 of SEQ ID NO: 18, and nucleotides 1-1818 of SEQ ID NO: 20,

[00103] In another preferred embodiment, the invention encompasses the isolated nucleic
acid molecule that encodes a modified Cry3 A toxin comprising the amino acid sequence
sct forth in SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID
NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, or SEQ ID NO: 21.

[00104] The present invention also encompasses recombinant vectors comprising the
nucloic acid sequences of this invention. In such vectors, the nucleic acid sequences zre
preferably comprised in expression cassettes comprising regulatory elements for
expression of the micleatide sequences in a host cell capable of expressing the nucleotides
sequences. Such regulstory cloments usnally conaprise promoter and termination signals
and preferably also comprise clements allowing efficient translation of polypeptides
encoded by the nucleic scid sequences of the present invention. Vectors comprising the
nucleic acid sequences are ususlly capable of replication in particular host cells,
prefembly as extrachromosomal maolecnles, and are therefore used to amplify the necleic
acid sequences of this invention in the host cells. In one embodiment, host cells for such
vectors are microorganisms, such as bacteria, in particular Becillus thuringiensis or E.
coli. In another embodiment, host cells for such recombinsnt vectors are endophytes or
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epiphytes. A preferred hoat cell for such vectors is a cukaryotic cell, such as a plant cell.

Plant cells such as maize cells are most preferred host celis. In another preferred

embodiment, such vectors are viral vectors and are used for replication of the nucleotide

lequminparﬁculnhmteeﬂg&g.inmtheﬂlmphmedhkmomﬁmmm

also used for transformation of the nucleotide sequences of this invention into host cells,

whereby the nucleotide sequences are stably integrated into the DNA of such host cells.

In one, such host cells are prokaryotic cells. In a preferred embodiment, such host cells

are eukaryotic cells, such as plant cells. In a most preferred embodiment, the host cells are

plant cells, such as maize cells.

[00105] In another aspect, the present invention encompasses modified Cry3A toxins
roduced by the expression of the nucleic acid molecules of the present invention.
[00106] In preferred embodiments, the modified Cry3A taxins of the invention comprise &
palypeptide encoded by a nucleotide sequence of the invention. In a further preferred
embodiment, the modified Cry3A toxin is produced by the expression of the nucleic acid
moleccule comprising nuclectides 1-1791of SBQ ID NO: 6, nucleotides 1-1806 of SEQ ID
NO: 8, nucleotides 1-1812 of SEQ ID NO: 10, nucleotides 1-1794 of SEQ ID NO: 12,

nucleotides 1-1818 of SEQ ID NO: 14, muxcleotides 1-1812 of SEQ ID NO: 16,
nuclootides 1-1791 of SEQ ID NO: 18, and nucleotides 1-1818 of SEQ ID NO: 20.

[00107] In a preferred embodiment, a modified Cry3A toxin of the present invention
comprises the amino acid sequence set farth in SEQ ID NO: 7, SEQID NO: 9, SEQ ID
NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQID NO: 19, or SEQ ID
NO: 21.

{00108] The maodifiad Cry3A toxins of the present invention have insect control activity
when tested against ingect pests in bioassays. In another prefarred embodiment, the
_modified Cry3A toxins of the invention arc active against coleopteran insects, preferably
against western com rootwarm and narthern com rootworm. The insect controlling

i properties of the modified Cry3A toxins of the invention are forther illustrated in
Bxamples 4 and 6.
QMO’] The present inveation also encompasses a camposition comprising an effective
. insect-contralling amoant of s modified Cry3A toxin according to the invention.

[00110] In another proferred embodiment, the invention encompasses a method of
producing a modified Cry3A toxin that is active against insects, comprising: (a) obtaining
a host cell comprising a chimeric gene, which itself comprises a heterologous promoter
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sequence operatively linked to the nucleic acid molecule of the invention; and (b)
expressing the mucleic acid molecule in the transgenic host cell, which regults in at least
one modified Cry3A toxin that is active against insects.

[00111] In a further proferred embodiment, the invention encompasses a method of
producing an insect-resistant transgenic plant, comprising introducing a nncleic acid
molecule of the invention into the transgenic plant, wherein the mocleic acld molecule is
expressible in the transgenic plant in an effective amount to control insects. In a prefered
embodiment, the insects ere coleopteran insacts, preferably wastem com rootworm and
northern corn rootwonm.

[00112] To yet a further preferred embodiment, the invention encompasses a method of
controlling insects, comprising delivering to the insects an effective emount of & modified
Cry3A toxin of the invention. Acconding to this embodiment, the insects sre colsoptoran
insects, preferably, westem com rootworm and northern com rootworm. Preferably, the
modified Cry3A toxin is delivered to the insecta onally. In one preferred aspect, the toxin
is delivered omlly through a transgenic plant comprising a nucleic acid sequence that
expresses a modified Cry3A toxin of the present invention. *

[00113] The present invention also encompasses a method of making a modified Cry3A
toxin, comprising: (g) obtaining a cry3A toxin gene which encodes a Cry3A toxin; (b)
identifying a gut protease of a target insect; (c) obtining a nacleotide sequence which
encodes a recognition site for the gut proteass; (d) inserting the nucleotide sequence of (c)
into either domain I or domain 11T ar both domain 1 and domain 111 at a position that
mphmilwiﬂﬂn.uradjmtunuchoﬁdemﬂ:ucohi’mlmuﬂly
occurring protease recognition gite in the cry3A toxin gens, thus creating & modified
¢ry3A toxin gene; (¢) inserting the modified cry3A. toxin gene in an expression cassette;
(£ expressing the modified cry3A toxin gene in a non-human host cell, resulting fn the
bost cell producing a modified Cry3A toxin; and, (g) biossseying the modified Cry3A
toxin against a target insect, which canses higher mortality to the target insoct than the
mortality cansed by a Cry3A toxin. In a prefesred embodiment, the modified Cry3A toxin
causes at least about 50% martality to the target insect when tha Cry3A toxin causes up o
about 30% martality.

[00114] The present invention further encompasses a method of controlting insects
wherein the transgexic plant further comprises a second mcleic acld sequence or groups
of mucleic acid sequences that encode a secound pesticidal principle. Particularly prefierred
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second rucleic acid sequences are those that encode & S-endotoxin, those that encode a
Vegetative Insecticidal Protein toxin, disclosed in U.S. Patents 5,849,870 and 5,877,012,
incorporated herein by reference, or those that encode a pathway for the production of 2
non-proteinacecas principle.

[00115] In further embodiments, the nucleotide sequences of the invention can be forther
modified by incorporation of random mutations in a technique known as in vitro
recombination or DNA shuffling. This tachnique is described in Stemmer ¢z al., Natore
370:389-391 (1994) and U.S. Patent 5,603,793, which are incorpamted hervin by
reference. Millions of mutant copies of a nucleotids sequence are prodnced based on an
original nucleatide sequence of this invention and variants with improved properties, such
as increased insecticidal activity, enhanced stability, or differeat specificity or ranges of
tarpet-insect pests are recovered. The method encompesses forming & mutegenized
double-stranded polynucieotide from & template double-stranded palynucleotide
comprising a nucleotids sequence of this invention, wherein the tempiate doable-stranded
polynucisotide has been cleaved into donble-stranded-random fragments of a dosired size,
and comprisos the stops of adding to the resultant population of double-stranded random
fragments ane or more single or double-stranded oligonucleotides, wherein said
oliganucleotides comprise an area of identily and an area of heterclogy to the double-
stranded temnplate polynucleotide; depaturing the resultant mixture of doubls-strandad
resultant population of single-stranded fragmeats with a polymemse under conditions
which result in the annealing of said single- stranded fragments at said arcas of ideatity to
form pairs of annealed fragments, said areas of identity being sufficient for one member
of a pair to prime replication of the other, thereby forming & mutagenized donble-stranded
polynucleatide; and repeating the second and third steps far at least two further cycles,
whezrein the resultant mixture in the second step of a further cycle includes the
mutagenized donble-stranded polynucleotide from the third step of the previous cycle,
and the farther cycle forms a further mutagenized double-stranded polynoclootide. Ina
preferred embodiment, the concentration of s single species of double- stranded random
fragment in the population of double-stranded random fragments is less than 1% by
weight of the total DNA. In a farther prefamed embodiment, the template double-stranded
polyancleotide comprises at least about 100 species of polynucleotides. In another
preferred embodiment, the size of the double-stranded random fragmeats is from about 5
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bp to 5 kb. In a further preferred embodiment, the fourth seep of the method comprises
repeating the second and the third steps for at least 10 cycles.

Expression of the Nucleotide Sequences in Heterologous Microbial Hosts

[00116] As biclogical insect control agents, the insecticidel modified Cry3A wxins are
produced by expression of the nucleotide sequences in heterologous host cells capable of
expressing the nucleotide saquences. In a first embodiment, B. thuringlensis cells
comprising modifications of a nucleotide sequence of this invention are mads. Such
modifications encompass mutations or deletions of existing regulatory elements, thus
leading to altered exprossion of the nucleotide scquence, or the incorporation of new
reguiatory elements controfling the expression of the nocleotide sequence. In another
embodiment, additional copies of one or more of the nucleotide sequences are added to
Bacillus thuringiensis cells elther by insertion into the chromosome or by introduction of
extrachromosomally replicating molecules containing the nncleotide sequences.

[00117] In another embodiment, at least one of the nucleotide sequences of the invention is
inserted into an sppropriate expression casseite, comprising a promoter and termination
signal. Expression of the nucleotids sequence is constitntive, ar an inducible promoter
responding to various types of sthouli to initinte trapscription is used. In a preferred
embodiment, the cell in which the toxin is cxpressed is a microorganiam, such as a virus,
bacteria, or a fungus. In a prefenred embodiment, a virus, such as a baculovirus, contains a
nucleatide sequence of the invention in its genome and expresses large amounnts of the
carresponding insecticidal toxin aftex infection of appropriate eukaryotic cells that are
suitable for virus replication and expression of the nucleotide sequence. The insecticidal
toxin thus produced is nsed a1 an insecticidal agent Altsratively, beculoviruses
engineered to include the smcleotide sequence are used to infect insects in vivo and kill
them either by expression of tha insecticidal toxin or by a combination of viral infection
and expression of the insecticidal toxin.

[00118] Bacterial colls are also hosts for the exprassion of the mncleotide sequences of the
inveation. In s preferred embodiment, non-pathogenic symbiotic bacteria, which are able
to live and replicats within plant tissnes, so-calied endophytes, or non- pathogenic )
symbiotic bacteria, which are capable of colonizing the phyllosphere or the rhizosphere,
so-called epiphytes, are used. Such bacteria include bacteria of the geaera Agrobacterium,
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Alcaligenes, Azospirillum, Avotobacter, Bacillus, Clavibacter, Enterobacter, Erwinia,
Flavobacter, Klebsiella, Pseudomonas, Rhivobium, Serratia, Streptomyces and
Xanthomonas. Symbiotic fungi, such as Trichoderma and Gliocladium ure also possible
hosts for expreasion of the inventive mucleotide sequences for tha same purpose.

[00119] Techniques for these genetic manipulations are specific for the different available
hosts and are known in the art. For example, the expression vectors pKK223-3 and
pKK223-2 can be used to express heterologous genes In E. cofi, either in transcriptional
or tramslational fusion, behind the tac or trc promoter. For the expression of operons
encoding multiple ORFs, the simplest procedure is to insert the operon into a vector such
as pKK223- 3 in transcriptional fusion, allowing the cognate ribosome binding site of the
heterologous genes to be used. Techniques for overexpression in gram-positive species
such as Bacilluy are also known in the st and can be used in the context of this invention
(Quax et al. In:Industrial Microorganisms:Basic and Applied Molecular Genetics, Eds.
Baltr et al, American Society for Microbiology, Washington (1993)). Altexnate systcms
for overexpression rely for example, on yeast vectors and include the use of Pichia,
Saccharamyces and Kluyveromyces (Sreckrishns, In:Indastrial microorganisms:basic and
applicd molecular geactics, Baltz, Hegeman, and Skatrud ods., American Society for
Microbiclogy, Washington (1993); Dequin & Barre, Biotechnology 1.2:173- 177 (1994);
van den Berg et al., Biotechnology 8:135-139 (1990)).

Plant transformation

[00120] In a pasticularly preferred emmbodiment, at least one of the ingecticidal modified
Cry3A toxing of the invention is expressed in a higher organism, e.g., & plant. In this casc,
trensgenic plants expressing effective amounts of the modified Cry3A toxins protoct
themselves from insect pests. Whea the insect starts feeding on snch a tansgeaic plant, it
biting into the plant tissue or may even harm or kill the insect, A nucleotide sequence of
the present invention is inserted into an expreasion cassotin, which is then preferably
stably integramd in the genome of said plant. In ancther preferred embodiment, the
nucleotide sequence is included in a non- pathogenic salf- replicating virus. Plmts
tansformed in eccordance with the present invention may be monacots or dicots and
include, but are not limited to, maize, wheat, barley, rye, sweet potato, bean, pea, chicory,
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lettuce, cabbage, cauliflower, broccoli, urmip, radish, spinach, asparagus, onion, garlic,
pepper, celery, squash, pumpkin, hemp, zucchini, apple, pear, quince, meloa, plum,
cherry, peach, nectarine, apricot, strawberry, grape, raspberry, blackberry, pincapple,
avocado, papaya, mango, banana, soybean, tomato, sarghum, sugarcance, sugar beet,
sunflower, rapeseed, clover, tobacco, carrot, cotton, elfalfa, rice, potato, eggplant,
cucumber, Arebidopsis, and woody plants such as coviferous and deciduous trees.

[00121}] Once a desired nucleotide sequence has been transformed into a particular plant
species, it may be propagated in that species or moved into other varieties of the same
specics, particularly including commercial varieties, using traditional breeding
techniques.

[00122] A nucleotide sequence of this invention is preferably expressed in transgenic
plants, thus causing the biosynthesis of the comresponding modified Cry3A toxin in the
transgenie plants. In this way, transgenic plants with enhanced resistance to insects are
generated. For their expression in tansgenic plants, the nucleotide sequences of the
invention may require other modifications and optimization. Although in many cases
geaes from microbial arganizros can be expressed in plants at high levels without
modification, low expression in transgenic plants may result from microbial nncleotide
sequences having codons that are not preferred in plants. It is known in the art that all
orpanisms have specific preferences for codon usage, and the codons of the nucleotide
sequences described in this invention can be changed to conform with plant preferences,
while maintaining the amino acids encoded thereby. Furthermore, high expression in
plants is best achieved from coding seqnences that have at least about 35% GC content,
preferably more than about 45%, more preferably more than about 50%, and most
preferably more than aboat 60%. Microbial nucleotide sequences that have low GC
contents may expreas poorly in plants due to the existence of ATTTA motifs that may
destabilize messages, and AATAAA motifs that may canse inappropdate
polyadenylation. Although preferred gene sequences may be adequately expressed in both
monocotyledonons and dicotyledonous plant species, sequences can be modified to
account for the specific codon preferences and GC content preferences of
manacotyledons or dicotyledons as these preforences have been shown to differ (Miurray
ot al. Nucl. Acids Res. 17:477-498 (1989)). In addition, the nucleotido soquences are
screened for the existence of illegitimare splice sites that may canse message truncation.
All changes required to be made within the nucleotide sequences such as those described
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above are made using well known techniques of site directed mutageaesis, PCR, and
synthetic gene construction using the methods described in the published patent
applications EP 0 385 962 (to Monsanto), EP 0 359 472 (to Lubrizol, and WO 93/07278
(to Ciba-Geigy).

{00123] In one embodiment of the invention a cry3A gene is made according to the
procedure disclosed in U.S. Patent 5,625,136, herein incarporated by reference. In this
procedure, maize preferred codons, i.2., the single codon that most frequenty encodes
that amimo acid in maizé, are-used. The maize prefered codon for a particular amino acid
might be derived, for example, from known genc sequences from maize. Maize codon
usage for 28 genes from malze plants is found in Murmy et al., Nucleic Acids Research
17:477-498 (1989), the disclosure of which is incorporated herein by refarence. A
syuthetic sequence made with maize optimized codons is set forth in SEQ ID NO: 3.

[00124] In this manmer, the nucleotide sequences can be optimized for expression in any
plant. It is recognized that all or any part of the gene sequence may be optimized ar
synthetic. That is, synthetic or partially optimized sequences may also be used.

25] Forefficient initiation of translation, sequences adjacent to the initiating
methionine may require modification. For example, they can be modified by the inclusion
of sequences known to be effective in plants. Joghi has suggested an sppropriate
cousensus for plants (NAR 15:6643-6653 (1987)) and Clonetech suggests a further
consensus tranglation inttiator (199371994 catalog, page 210). These consensuses ere
suitable for use with the nuclectide sequences of this invention. The sequences are
incorporated into constructions comprising the nacleotids sequences, up to and including
the ATG (whilst leaving the second amino scid unmodified), or alternatively up to and
including the GTC subsequent to the ATG (with the possibility of modifying the second
amino acid of the tranggene).

[00126] Expression of the mucleotide sequences in transgenic plants is driven by promoters
that function in plants. The choice of pramoter will vary depending on the temparl and
spatial requirements for expression, and also depending on the target species. Thus,
expression of the nucleotide sequences of this inveation in leaves, in stalks or stems, in
ears, in inflorescences (c.g. spikes, panicles, cobs, etc.), in roots, and/or seedlings is
preferred. In many cases, however, protection against mars than one typs of insect pest is
sought, and thus expression in maltiple tissues is desirable. Although many promoters
from dicatyledons have been shown to be operational in monocotyledons and vice versa,
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ideally dicotyledonous promoters are selected for expression in dicotyledons, and
monocotyledonous proranters for expression in monocotyledons. However, there is oo
restriction to the provenance of selected promoters; it is sufficient that they are
operational in driving the expression of the nucleotide sequences in the desired cell.

[00127] Profemed promoters that are expressed constitutively include promoters from

geaes encoding actin or ubiquitin and the CaMV 355 and 198 pramoters. The nucleotide
sequences of this invention can also be expressed under the regulation of promoters that
are chemically regulated. This enables the insecticidal modified Cry3A toxins 10 be
synthesized only when the crop plants are treated with the inducing chemicals. Preferred
technology for chemical induction of gene expression is demiled in the published
application EP 0 332 104 (o Ciba- Geigy) and U.S. Pateat 5,614,395, A preferred
promoter for chemical induction is the tobacco PR-1a pramoter.

dﬂlﬂ] A profeared catsgory of promoters is that which is wound inducible. Numerous

promoters have been described which are expressed st wound sites and also at the sites of
phytopathogen infection. Ideslly, such a promoter should only be active locally at the
sites of infection, and in this way the insecticida]l modified Cry3A toxins caly accumnlate
in cells that need 10 synthesize the insecticidal modified Cry3A toxina to kill the invading
insect pest Praferred promoters of this kind include those described by Stanford st al.
Mol. Gen. Genet. 215:200-208 (1989), Xu ef al. Plant Molec. Biol. 22:573-588 (1993),
Logemann ef af. Plant Cell 1:151-158 (1989), Robrmeier & Lehle, Plant Molec. Biol.
22:783-792 (1993), Firek et al, Plant Molec. Biol. 22:129-142 (1993), and Warner ¢? al.
Plant J. 3:191-201 (1993).

[00129] Tissne-specific or tissuo-proforential promoters usaful for the expression of the

modified Cry3A toxin genes in plants, particolarly maize, are those which direct
expression in Toot, pith, leaf or pollen, particularly root. Such promoters, e.g. those
isolated from PEPC or trpA, are disclosed in U.S. Pat. No. 5,625,136, or MTL, disclossd
in U.S. Pat. No. 5,466,735. Both U. S. patents are herein incorporated by referance in

[00130] Further preferred embodiments are tranggenic plants expressing the nucleotide

sequences in a8 wound-inducible or pathogen infection-inducible manner.

[00131] In adsfition to promoters, a variety of transcriptional erminators are also available

for use in chimeric gene construction using the modified Cry3A toxin genes of the present
invention. Transcriptional terminators are responsible for the tennination of transcription
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beyond the tansgene and ity correct polyadenylation. Appropriate tanscriptional
terminators and those that are known to function in plants include the CaMV 358
texminator, the tml terminator, the nopalins synthase terminator, the pea rbeS B9
texminator and others known in the art. These can be used in both monocotyledons and
dicotyledons. Any available erminator known to function in plants can be used in the
context of this invention.

[00132] Numerous other sequences can be incorporated into expression cassettes described
in this invention. These include sequences that have been shown to enhance oxpression
such as intron sequences (2.g. from Adhl and bronzel) and viml leader sequences (e.g.
from TMV, MCMYV and AMY).

[00133] It may be preferable 1o target expression of the nucleotide sequences of the
present iuvention to different cellular localizations in the plant. In some cases,
localization in the cytosol may be desimble, whereas in other cases, localization in some
subcellular organelie may be preferred. Subcellular localization of tramsgene-encoded
enzymes is undertaken using techniques well known in the art. Typically, the DNA
encoding the target peptide from a known arganelle-targeted gene product is manipulated
and fosed upstream of the nucleotide sequence. Many such target sequences are known
for the chloroplast and their functioning in haterolognus constructions has been shown.
The expression of the nucleotide sequences of the present invention is also targeted to the
endoplasmic reticulum or to the vacucles of the host cells. Techniques to achieve this are
well known in the art.

[00134] Vectors suitable for plant transformation are described elsewhere in this
specification. For Agrobacterium-medinted transformation, binary vectors or vecton
earrying at least one T-DNA border soquence are suitable, whereas for direct gene
tranafer any vector is suitable and lincar DNA containing only the copstruction of interest
may be preferred. In the case of direct geme transfer, transformation with a single DNA
species ar co-tranaformation can be used (Schocher ef al. Biotechnology 4:1093- 1096
(1986)). For both direct gene teansfer and Agrobacterium-mediated transfer,
tranaformation is usually (but not neceasarily) undertaken with a selactable marker that
may provide resistance t sn antibiotic (ksnamycin, hygromycin or methotrexate) or a
herbicide (basta). Plant transformation vectors comprising the modified Cry3A toxin
genes of the presant invention may also comxise genes (c-g. phosphomannose isomerase;
PMI) which provide for positive selection of the tranygenic plants ax disclosed in U.S.
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Puteats 5,767,378 and 5,994,629, herein incorporated by reference. The choice of
selectable marker is not, bowever, critical to the invention.

[00135] In auother embodiment, a nucleotide sequence of the present invention is directly
transformed into the plastid ganome. A major advantage of plastid transformation is that
plastids are generally capable of expressing bacterial genes without substautial codon
optimization, and plastids are capable of expressing multiple open reading frames under
control of a single promoter. Plastid transformation technology is extensively dascribed in
U.S. Parcnt Nos. 5,451,513, 5,545,817, and 5,545,818, in PCT application no. WO
95/16783, and in McBride et al. (1994) Proc. Nati. Acad. Sci. USA 91, 7301-7305. The
basic techaique for chloroplast transformation involves introducing regions of cloaed
plastid DNA flanking a selectable marker together with the gene of Interest into & suitable
target tissue, ¢.g-, using biolistics or protoplast transformation (e.g., calcium chloride or
PEG mediated transformation). The 1 to 1.5 kb flanking regions, termed targeting
sequences, facilitate homologous recombination with the plastid genome and thus allow
the replacement or modification of specific regions of the plastome. Initially, poiat
mutations in the chloroplast 16S rRNA and 1ps12 genes conferring resistance to
spectinomycin and/or streptonrycin are utilized as selectable markers for transformation
(Svab, Z,, Hajdukiewicz, P., and Maliga, P. (1990) Proc. Nati. Acad. Sci. USA 87, 8526-
8330; Stanb, J. M., and Maliga, P. (1992) Plant Call 4, 39-45). This resulted in stable
homoplasmic transformants at a frequency of approximately one per 100 bombardments
of tazrget leaves. The pregence of cloning sites between these markers allowed creation of
a plastid targeting vector for introduction of foreign gones (Staub, J M., and Maliga, P
(1993) EMBO J. 12, 601-606). Substantial increases in transformation frequency are
obtained by replacement of the recossive tRNA or r-protein antibiotic resistance genes
with a dominsnt sclectable marker, the bacterial andA gens encoding the spectinomycin-
clstoxifying enzryme aminogiycoside- 3* adenyltranef erase (Svab, Z., and Maliga, P.
(1993) Proc. Natl. Acad. Sci. USA 90, 913-917). Previously, this marker had beon used
successfully for high-frequency transfonnation of the plastid goaome of the green alga
Chlamydomonas reinhardtii (Goldschmidt- Clermont, M. (1991) Nucl. Acids Res.
19:4083-4089). Other sclectable markers useful for plastid transformation are known in
the art and encompassed within the scope of the Invention. Typically, spproximately 15-
20 cell division cycles following transformation are required to reach a homoplastidic
state. Plastid expression, in which genes are inserted by homologous recombination into
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all of the several thousand copies of the circular plastid genome present in each plant cell,
takes advaniage of the enormous copy number advantage over nuclzar- expressed geoes
to permit exprossion levels that can readily exceed 104 of the total soluble plant protem.
In a preferred embodiment, a nucleotide sequence of the preseat invention is insexted into
a plastid-targeting vector and transformed into the plastid genome of a desired plant host.
Plants homoplastic for plastid genomes containing a nucleotide sequence of the present
invention are obtained, and are preferentinlly capable of high expression of the nucleotide
sequence.

Combinations of Insect Control Principles

[00136] The modified Cry3A toxins of the invention can be nsed in combination with Bt
S-endotoxins or other pesticidal principles to increase pest target range. Furthermare, the
use of the modified Cry3A toxins of the invention in combination with Bt §-eudotoxins or
other pesticidal principles of a distinct nature has perticular utility for the provention
and/or management of insect registance. '

[00137] Other insecticidal principles includs, for example, lecting, c-amylase, peroxidase
and cholesterol oxidase. Vegetative Insecticidal Protein genes, such as viplA(a) and
vip2A(a) as disclosed in U.S. Pat. No. 5,889,174 and herein incorporated by roference, are
also useful in the present invention.

[00138] This co-expression of more than one insecticidal principle in the same tranagenic
plant can be achieved by genetically engineering a plant to contain and express all the
goucs necessary. Alternatively, a plant, Parent 1, can be genctically engineered for the
expression of genes of the present invention. A second plant, Parent 2, can be genetically
engineered for the expression of a supplemental insect control principle. By crossing
Parent 1 with Perent 2, progeny plants are cbtained which express all the genes
introduced into Parents 1 and 2.

{00139] Transgenic sced of the present invention can also be treassd with an insecticidal
seed coating as described in U. S. Patent Nos. 5,849,320 and 5,876,739, herein
incorporated by reference. Whero both the insecticidal seed coating and the transgenic
seed of the invention are active against the seme target insect, the combination is nseful
(i) in a method for enhancing activity of a modified Cry3A toxin of the invention against
the target insect end (il) in a method for preventing development of resistance to a
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modified Cry3A toxip of the invention by providing a second mechanism of action
against the target insecy. Thus, the invention provides a method of enhancing activity
against or preventing development of resistance in a target ingect, for example com
rootworm, comprising applying an insecticidal seed coating to a transgenic sced
comprising ocae or more modified Cry3A toxins of the invention.

[00140] Even where the insecticidal seed coating is active against a different insect, the
insecticidal secd coating is usefal to expand the rangs of insect coatrol, for example by
adding an insecticidal seed coating that has activity ageinst lepidoptersn insects to the
transgenic sced of the invention, which has activity against coleopieran insects, the coated
transgenic sced produced controls both lepidopteran and coleoptersn insect pests.

[00141] The invention will be further descrided by roference to the following detailed
examples. These examples are provided for the purposes of illustration oaly, and are not
intended to be liniting unless otherwise specified. Standerd recombinant DNA and
molecular cloning techniques used here are well kuown in the art and are described by J.
Sambrook, ef al., Molecular Cloning: A Laboratory Manual, 3d Ed., Cold Spring Harber,
NY: Cold Spring Harbor Laboratory Press (2001); by TJ. Sithavy, M.L. Berman, and
L.W. Enquist, Experiments with Gene Fusions, Cold Spring Harbor Laboratory, Cold
Spring Harbor, NYY (1984) and by Ausubel, FM. ef al, Current Protocols in Molecular
Biology, New York, John Wilcy and Sons Inc., (1988), Reiter, e? al., Methods in
Arabidopsis Research, World Scientific Press (1992), and Schultz ef al., Plant Molecular
Biology Manual, Kluwer Academic Publishers (1998).

Bxampls 1. Maize Optimized cry3A Gene Constnxction

[00142] The maize optimized c7y3A gene is made accarding to the procedure disclosed in
U.S. Patent 5,625,136. In this procedure, maize preferred codons, i.g., the singls codon
that most frequently encodes that amino acid in maize, are used. The maize preferred
codon for a particular amino acid is derived from known gene sequences from maize.
Maize codon usage for 28 genes from maize plants is found in Murray et al., Nucleic
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Acids Research 17:477-498 (1989). The syathetic sequence made with maize optimized
codons is set forth in SEQ ID NO: 3.

Example 2 Ydentification of Cathepsin-G Enzymatic Activity in Western Corm Rootworm
Guts

[00143) Cathepsin G-like (serine protease) and cathepsin B-like (cysteine protease)
enzymatic activities in westarn com rootworm guts are measured using colorimetric
substrates. Each 1 ml reaction contains five homogenized midguts of the 3rd instar of
western corn roatwarm and 1 mg of substrate dissolved in reaction baffer (10 mM Tis, §
mM NaCl, 0.0t M DTT, pH 7.5). The cathepsin O substrate tested is Ala-Ala-PFro-Phe
(SEQ ID NO: 35)-pNA and cathepsin B substrate, Arg-Arg-pNA. The reactions are
incubaned at 28°C far 1br. The intensity of yeliow color formation, indicative of the
efficioncy of a protease w recognize the appropriate substrate, is compared in treatments
vs. controls. The reactions are scored as negative (=) if o color or slight background color
is detected. Reactions which are 25%, 50%, 75% ar 100% above background are scored
a8 +, ¥+, ++, Or -+, respectively.

[00144] Results of the enzymatic assays ere shown in the following table.

Reaction Product Color intensity
WCR gut caly
Cathepsin B substrate only
Cathepsin G substrate only

WCR gut + Cathepsin B substrate
WCR gut + Cathensin G substrate

tlel 1.

[00145] This is the first time that the sering protease cathepain G activity has beea
identified in western corn rootworm guts. Westzm com rootwomm guts clearly have
. stronger cathepain G, the serine proteass, activity compared to cathepsin B, the cysteine
protease, activity, The AAPF sequence (SEQ ID NO: 35) is salocted as the cathepsin G
protease recognition site for creating modified Cry3A toxins of the present invention.
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[00146) Modified cry3A genes comprising a nucleotide sequence that encodes the
cathepsin G recognition site in domain 1, domain III, or domain 1 and domain III are made
using overlap PCR. The maize optimized cry3A gene (SEQ ID NO: 2), comprised in
plasmid pCIB6850 (SEQ ID NO: 5), is used as the starting templats, Eight modified
cry3A gene constructs, which encode modified Cry3A toxins, are made; cry3A054,
cry3AD3S, and cry3A085, which comprise the cathepsin G recognition eite coding
sequence in domain I; cry3A058, cry3A082, which comprise the cathepsin G recognition
tite coding sequence in domain IMI; cry3A0S6, cry3A0S7, cry3A083, which comprise the
cathepsin G recognition site coding sequence in domain I and domain 1l The eight
modified ery3A genes and the modified Cry3A toxins they encode are described as

[00147] cry3A054 (SEQ ID NO: 6) comprises a nucleotide sequence encocding a modified
Cry3A toxin. Three overlap PCR primer pairs are used o insest the nucleotide sequence
encoding the cathepsin G recognition site into the unmodified maize optimized cry3A:

1. BamExt] - 5’-GGATCCACCATGACGGCCGAC-3" (SEQ ID NO: 22)
AAPFRail3 - 5'-GAACGGTGCAGCGGGOTTCTTCTGCCAGC-3” (SEQ ID NO: 23)

2. TailSmod - 5°-GCTGCACCGTTCCCCCACAGCCAGGGCCG-3' (SEQ IDNO:24)

XbalEx2 — 5°-TCTAGACCCACGTIGTACCAC-3' (SEQ ID NO: 25)
3. BamBxt1 - 5’-GOGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
XbalBxt2 ~ 5°-TCTAGACCCACGTTGTACCAC-3" (SEQ ID NO: 25)

[00148] Primer pair 1 and primer pair 2 generate two unique PCR products. These
products are then combined in equal parts and primer pair 3 is used to join the products to
generate ons PCR fragment that is cloned back into the original pCIB6850 templaw. The
modified cry3A054 gene is then transferred to pBluescript (Stratagene). The resulting
plasmid is designated pCMS054 and comprises the cry3A054 gene (SEQ ID NO: 6).

[00149] Ths madified Cry3A054 toxin (SEQ ID NO: 7), encoded by the modified cry3A
geoe comprised in pCMS(054, has a cathepsin G recognition site, comprising the amino
acid sequence AAPF (SEQ ID NO: 35), inserted in domain I between amino acids 107
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and 113 of the unmodified Cry3A toxin (SEQ ID NO: 4). The cathepsin G recognition

site replaces the natumlly occurring trypsin recognition site and is adjscent to g narally
occurring chymotrypsin recognition site.

cry3ADSS ised jn pCMS05S

[00150] cry3A055 (SEQ ID NO: §) comprises a nucleotide sequence encoding a modified
Cry3A toxin. Three overlap PCR primer pairs are used to ingert the nucleotide sequence
encoding the cathepsin G recognition site into the unmodified maire optimized cry3A:

1. BumExt] - 5'-GOATCCACCATGACGGCCGAC-3' (SBQ ID NO: 22)
AAPPril3 - §'-GAACGGTAGCAGCGGGGTTCTTCTGCCAGC-3" (SEQ ID NO: 23)
2 AAFFuiM - 5'-GCTGCACCGTTCCOCAACCCOCACAGCCA-3' (SEQ ID NO: 26)

XbalExt2 — 5*-TCTAGACCCACGTTGTACCAC-3' (SEQ ID NO: 25)
3. BamExt] — 5'-GGATCCACCATGACGGOCGAC-3' (SEQID NO: 22)
XbalEx2 — 5'-TCTAGACCCACGTTGTACCAC-¥' «  (SEQIDNO:25)

[00151] Primer pair 1 and primer pair 2 generate two unique PCR prodocts. These
products are then combined in equal parts and primer pair 3 is used to join the products to
generate one PCR fragment that is cloned back into the original pCIB6850 template. The
modified cry3ADSS gene is then transfesred to pBlueacript (Stratagene). The resulting
plasmid is designated pCMSO0S5 and comprises the cry3A055 gene (SEQ ID NO: 8).

[00152] The modified Cry3ANSS toxin (SEQ ID NQ: 9), encoded by the modified cry3A
geue comprised in pCMS035, has & cathopsin G recognition site, comprising the amino
acid sequence AAPF (SBQ ID NO: 35), inserted in domain I between amino acids 107
and 111 of the unmodified Cry3A toxin (SEQ ID NO: 4). The cathspsin G recognition
site is adjacont to a natwral trypsin and chymotrypein recognition site.

£n3AQSE comprised in pCMSOSE

{00153] cry3A058 (SEQ ID NO: 14) comprises a aucleotide sequence encoding a
modified Cry3A toxin. Three overlap PCR primer pairs are used to insert the nucleotide

41
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sequence encoding the cathepsin G recognition site into the mnmodified maize optimizad
cry3A:

1. SalExt - §'-GAGCATCGACTTCTTCAAC-3' (SEQ ID NO: 27)
AAPR-Y2 - 5'-GAACGGTGCAGCGTATTGAGTTGAAGGGGGC-3" (SEQ ID NO: 23)

2, AAPF-Y1 --5'-GCTGCACCGTTCTACTTCGACAAGACCATC-3' (SEQID NO:29)

SacExt - 5°-GAGCTCAGATCTAGTTCACGG-3' (SEQ ID NO: 30)
3. SalBExt—5"-GAGCGTCGACTTCTTCAAC-Y (SEQ IDNO: 27)
SacBxt - 5"-GAGCTCAGATCTAGTTCACGG-3’ {SEQ ID NO: 30)

[00154] Primer pair 1 and primer pair 2 generate two unique PCR products. These
products are then combined in equal parts and primer pair 3 is used to join the products to
genemte one PCR fragment that is cloned back into the original pCIB6850 template, The
modified cry3AD58 gene is then transferred to pBluesceript (Stratagene). The resulting
plagmid is designated pCMS058 and comprises the cry3A058 gene (SEQ ID NO: 14).

[00155] Ihmodlﬁedwmn(SEQIDNO:lnmodeslbythﬂmdﬁdaﬁA
gene, has a cathepain G recognition site, comprising the smino acid sequenco AAPF
(SEQ ID NO: 35), inserted in domain I between amino acids 540and 541 of the
unrodified Cry3A toxin (SEQ ID NO: 4). The cathepsin G recognition site is withina
naturaily accurring chymotrypsin recognition aite.

CMS082 isins crv3A082

[00156] cry3A082 (SEQ ID NO: 12) comprises 2 nucleotide sequence eocoding a
modified Cry3A toxin. A QuikChange Site Direciod Mutagenesis PCR primer pair is used
to ingert the nucleotide sequence encoding the cathepsin G recognition site into the
unmaodified maize optimized c7y3A:

BBmodl - 5°-0CGGGGCCCCOOCTGCACCGTICTACTTCGACA-T (SEQ ID NO: 31)
BBmod2 - 5'-TGTCGAAGTAGAACGGTGCAGCOGGGGACCCCG-3(SEQ ID NO: 32)

[00157] The primer pair geiterates a unique PCR product. This product is clened back into

the original pCIB6850 template. The modified cry3A082 gene is then transferred to
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pBlueacript (Stratagene). The resuiting plasmid is designated pCMS082 and comprises
the cry3A082 gene (SEQ ID NO: 12),

(00158] The modified Cry3A082 toxin (SEQ ID NO: 13), encoded by the modified cry3A
gene, has a cathepsin G recognition site, comprising the amino acid sequence AAPF
(SEQ ID NO: 335), inserted in domain III between amino scids 539 and 542 of the
unmodified Cry3A toxin (SEQ ID NO: 4). The cathepsin G recognition site replaces a
naturally occurring chymotrypsin recognition site.

sryJA056 comprjsed in pCMSO56

cry3A056 (SEQ ID NO: 18) comprises a nucleotide sequence encoding a modified Cry3A

. toxin. Six overlap PCR primer pairs are used to insert two cathepsin G recognition sites into

the mnmodified cry3A:

1. BamExt] - 5’-GGATCCACCATGACGGCOGAC-3' (SEQ ID NO: 22)
AAPPuil3 ~ 5'-GAACGGTGCAGCGGGOTTCTITCTGCCAGC-3'  (SEQ ID NO: 23)

2. AAPFiM -~ 5'-GCTGCACCGTTCCGCAACCCOCACAGCCA-Y'  (SEQ ID NO: 26)

XbalBxt2 - 5°-TCTAGACCCACGTTGTACCAC-3" (SEQ ID NO: 25)
3. BamBzxtl — 5'-GGATCCACCATGACGGOCOGAC-3’ (SEQID NO: 22)

XbalEx2 - 5'-TCTAGACCCACGTTGTACCAC-3 (SEQ ID NO: 25)
4. SalBxt — 5'-GAGCOTCOACTTCTTCAAC-3 (SEQ ID NO: 27)

AAYF-Y2 - 5'.GAACGGTGCAGCGTATTGGTTGAAGGGGGC-3" (SEQ ID NO: 28)
5. AAPF-Y1 - §-GCTGCACCGTTCTACTTCGACAAGACCATC-3* (SEQ ID NO: 29)

SacExt - 5'-GAGCTCAGATCTAGTTCACGG-3' (SEQ ID NO: 30)
6. SalExt - 5-GAGCGTCGACTTCTTCAAC-3 (SBQ ID NO:27)
SacExt - 5'-GAGCTCAGATCTAGTTCACGG-3° (SEQ ID NO: 30)

[00159] Primer pair 1 and primer pair 2 genemts two unique PCR products. These
products are combined in equal parts and primer pair 3 is need to join the products to
generate ane PCR fragment that is cloned back into the ariginal pCIB6850 plasmid. The
modified cry3A055 gens is then transferred to pBinescript (Stratagene). The resulting
plasmid is designated pCMS035. Primer pair 4 and primer pair 5 gensrate another unique
set of fragments that are joined by another PCR with primer pair 6. This fragment is
cloned into domain 1T of the modified cry3A055 gene comprised in pCMSO055. The
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resuiting plasmid is designated pCMS056 end comprises the cry3A056 gene (SEQ ID
NO: 18).
[00160]) The modified Cry3A056 toxin (SEQ ID NO: 19), encoded by the modified cry3A

gens, hes a cathepsin G recognition site, comprising the amino acid sequence AAFF

- (SEQ ID NO: 35), inserted in domain I between amino acids 107 and 111 and in domain
III between amino acids 540 and 541 of the vnmodified Cry3A toxin (SEQ ID NO: 4).
The cathepsin G recognition site is adjacent to a naturally occurring trypsin and
chymotrypsin recognition site in domain I and is within a naturally occurring
chymotrypain recognition site in domain I1I.

[00161) cry3A057 (SEQ ID NO: 16) comprises a nucleotide sequence encoding a
modified Cry3A toxin, Six overlap PCR primer pairs are uged to insert two cathepsin G
recoguition sites into the unmodified cry3A:

1. BamExt] - 5’-GGATCCACCATGACGGCCGAC-¥ (SEQ ID NO: 22)
AAPFll3 - '-GAACGGTGCAGCGGAOTICTTCTGCCAGC-’ (SEQ ID NO: 23)

2. TailSmod — 5’-GCTGCACCGTTCCCOCACAGCCAGGGCCG-3' (SEQ ID NO: 24)

XbalEx2 - 5"-TCTAGACCCACGTTGTACCAC-Y (SEQ ID NO: 25)
3. BamBxt1 — 5"-GGATCCACCATGACGGCCGAC-3’ (SEQ ID NO: 22)
XbalExt2 - 5°-TCTAGACCCACGTTGTACCAC-3' (SEQ ID NO: 25)
4. SalBxt - 5’-GAGCGTCGACTTCTTCAAC-Y (SEQ ID NO: 27)

AAFE-Y2 - 5'-GAACGGTGCAGCGTATTGGTTGAAGGGGGC-3’ (SEQ ID NO: 28)
3. AAPR Y1 - 5'-GCTGCACCOTTCTACTTCGACAAGACCATC-Y (SEQ ID NO: 29)

. SacExt - 5"-GAGCTCAGATCTAGTTCACGG-3' (SEQ ID NO: 30)
6. SalBxt - 5°-GAGOGTCGACTTCTTCAAC-3’ (SBEQ ID NO: 27)
SacHxt - 5*-GAGCTCAGATCTAGTTCACGG-3' (SEQ ID NO: 30)

[00162] Primer pair ] and primer pair 2 generats two tniques PCR products. These
products are combined in equal parts and primer pair 3 is used to join the products 0~ .
generan one PCR fragment that is cloned back into the original pCIB6850 plasmid. The
modified cry3A054 gene is then transferred to pBluescript (Stratagene). The resulting
plasmid is designated pCMS054. Primer pair 4 and primer pair 5 generate another unique
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set of fragments that are joined by another PCR with primer pair 6. This fragment is

cloned into domain III of the modified cry3A054 gene comprised in pCMS034. The

resulting plasmid is designated pCMS057 and comprises the cry3A057 gene (SEQ ID
NO: 16).

[001&83] The modified Cry3A057 toxin (SEQ ID NO: 17), encoded by the modified cry3A
gene, has a cathepsin G recognition sits, comprising the amino acid sequance AAPF
{SEQ ID NO: 35), insexted in domain I betwesn amino acids 107 and 113 and in domain
I between amino acids 540 and 541 of the enmodified Cry3A toxip (SEQ ID NO: 4).
The cathepsin G recognition site replaces a naturally occurring trypein recognition site
and is adjscent to a natrally occurring chymotrypsin recognition site in domain I and is
within a naturally occunting chymotrypain recognition site in domain ITL

<ryJAQ8) compriscd in pCMS083

[00164] <ry3A083 (SEQ ID NO: 20) comprises 2 nucieotide sequence encoding a
modified Cry3A toxin. Three overlap PCR primer pairs and one QuikChange Site
Directed Mutagenesis PCR primer pair am nsed to insert two cathepsin G recognition
sites into the unmodified cry3A: :

1. BamExt] - 5’-GGATCCACCATGACOQCCOAC-3’ (SEQ ID NO: 22)
AAPFIl3 - 5’-GAACGGTGCAGCOGGGTTCTTCTGCCAGC-3' (SEQ ID NO: 23)

2. AAPFwil4 ~ 5’-GCTGCACCGTTCCGCAACCCCCACAGCCA-Y" (SEQ IDNO: 26)

XbalEx?2 —- §*-TCTAGACCCACGTTGTACCAC-3’ (SEQ ID NO: 25)
3. BamBxt} ~ 5*-GGATOCACCATGACGGCCGAC-¥ (SEQ ID NO: 22)
XbalExi2 - 5'-TCTAGACCCACGTTGTACCAC-3' (SEQ ID NO: 25)

BBmod] - 5’-CGAUGCCCCCACTOCACCOTTCTACTTOGACA-3  (SEQ ID NO: 31)
BBmod2 - 5°-TGTCGAAGTAGAACGUTGCAGCOGGAGCCCCG-3"(SBQ ID NO: 32)

{00165] Primer peir 1 and primer pair 2 genenate two uzique PCR products. These
products are combined in equal parts and primer pair 3 is used to join the products to
geoersie one PCR fragment that is cloned back into the original pCIB6850 plasmid. The
modified cry3A05S geno is then transferved to pBlucscript (Stratagene). The resulting
plasmid is designated pCMSO05S. Primer pair 4 generates another imique fragment that is
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cloned into domain 1T of the modified cry3A comprised in pCMS055. The resulting
plasmid is designated pCMS083 and comprises the cry3A083 gene (SEQ ID NO: 20).

[00166] The modified Cry3A083 toxin (SEQ ID NO:; 21), encoded by the modified cry3A
geue, has a cathepsin G recogaition site, comprising the amino acid sequence AAPF
(SBQ ID NO: 35), inserted in domain I between amino acids 107 and 111 and between
amino acids 539 and 542 of the unmodified Cry3A twxin (SEQ ID NO: 4). The cathepsin
G recognition site is adjacent to a naturally occmrring trypsin and chymotrypsin
recognition site in domain I and replaces a natmrally occurring chymotrypsin recognition
site in domain ITL

cry3A08S isod in PCMS085

(001671 The cry3A085 geos (SEQ ID NO: 10) comprisas a cathepsin G coding sequence
at the same position as in the cry3A055 geno described above. The cry3A085 gene has an
additional 24 nucleotides inserted at the 5 end which encode amino acids 41-47 of the
deduced smino acid sequence set forth in SEQ ID NO: 2 as well as an additional
methionine. The additional nuclootides are inserted at the 5° end of the cry3A055 gene
using the following PCR primer peir:

mo3Aext- $'-GGATCCACCATGAACTACAAGGAGTTCCTCCGCATGACCGC
CGACAAC-3’ (SEQ ID NO: 33)

CMS16 - 5"-CCTCCACCTGCTOCATGAAG-3’ (SBQ ID NO: 34)

[00168] The modified Cry3AD85 toxin (SBQ ID NO: 11), encoded by the modified cry3A
gene, has a cathepsin G recognition site, comprising the amino acid sequence AAPF
(SEQ ID NO: 35), inserted in domain I between amino acids corresponding to 107 and
111 of the unmodified Cry3A toxin (SEQ ID NO: 4) and has an additional eight emino
acid residucs at the N-terminns of which the second residue corresponds to amino acid
number 41 of the amino acid sequence set forth in SEQ ID NO: 2.

Example 4. Insecticidal Activity of Modified Cry3A Toxins

[00169] Modified Cry3A toxins are tested for insecticidal activity against western com
rootworm, notthern com rootwonm and southern com rootworm in insect bloassays.
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Biocassays are performed using a diet incorporation method. E. coli clones that express
one of the modified Cry3A toxing of the invention are grown overnight. 500 ul of an
overnight culture is sonicated and then mixed with 500 pl of molten artificial diet
(Marrone et al. (1985) ). of Economic Entomology 78:290-293). Once the diet solidifies,
it is dispensed in a petri-dish and 20 neonate com rootworm are placed on the diet. The
petri-dishes are hold at 30°C. Mortality is recorded after 6 days. All of the modified
Cry3A toxins cause 50%-100% mortality to western and nocthern com rootworm whereas
the unmodified Cry3A toxin causes 09%-30% mortality. None of the modified Cry3A
toxins have activity against southern com rootwonm.

Exampie 5. Creation of Transgenic Maize Plants Comprising Modified cry3A Coding

Sequences

[00170] Threo modified cry3A genes, c7y3A055, representative of a domatn I
modification, ery3A0S8, represeatative of a domain I modification, and cry3A056,
representative of  domaiz I and domain I modification, are chosen for transformation
into maize plants. An expression cassette comprising a modified cry3A coding sequence
is transferred to a suitable vector for Agrobacterium-mediated maize transformation. For
this example, an expression cassetie comprises, in addition to the modified cry3A geae,
the MTL promoter (U.S. Pat. No. 5,466,785) and the nos terminater which is known in
the art.

[00171] Transformation of immature maize embryos is performed essentially zs described
in Negrotto et al., 2000, Plant Cell Reports 19: 798-803. For this exampie, ali media
coustituents are as described in Negrotto ef al., supra. However, verious mediz
conatituents known in the art may be sobstituted.

[00172] The genes used for transformation are cloned into a vector suitable for maize
transformation. Vectors used in this example contain the phosphomannose isomarase
(PMI) geae for salection of tranagenic lines (Negrotto et al. (2000) Plant Cell Raposts 19:
798-803).

[00173] Agrobacterium strain LBA4404 (pSB1) containing the plant transformation _
plammid is grown on YEP (yeast extmet (5 8/L), peptone (10g/L), NaCl (5g/L), 15p/1 agar,
pH 6.8) solid medium for 2 — 4 days at 28°C. Approximately 0.8X 10° Agrobacterfion are

47



5
Case No. S-60065P1 ’bb‘x

saspended in LS-inf media supplemented with 100 uM As (Nogrotio et al.,(2000) Plant
Cell Rep 19: 798-803). Bacteria are pre-induced in this medium for 30-60 minutes.

[00174] Immature embryos from AL88 or other suitshle genotype are excised from 8 -~ 12
day old ears into liquid LS-Inf + 100 uM As. Embryos are rinsed cuce with fresh
infection medium. Agrobacterium solution is then added sod embryos are vortexed for
30 seconds and sllowed to settle with the bacteria for 5 minutes. The embryos are then
transferred scutollum side up to LSAs mediom and cultured in the dark for two to three
days. Sobshquently, between 20 and 25 embryoa per petri plate are transferred to LSDc
medium supplemented with cefotaxime (250 mg/1) and silver nitrate (1.6 mg/l) and
cultared in the dark for 28°C for 10 days.

[00175]) Immature embryocs, producing embryogenic callus are tansferred to LSD1MO.5S
mediom. The cultores arc selected on this medium for 6 weeks with a subculture step at 3
weeks. Surviving calli are transferred to Regl medium supplemented with mannose.
Follawing cultaring in the light (16 hour light/ 8 hour dark regiment), green tissues arc
then transferred to Reg2 medinm without growth regulators snd incubsted for 1-2 weeks.
Plantlets are trangforred to Magenta GA-7 baxes (Magoata Corp, Chicago Ili.) containing
Reg3 medium and grown in the light After 2-3 weeks, plants are tested for the presence
of the PMI genes and the modified cry3A genes by PCR. Positive plants from the PCR
assay are transferred to the greenhouse and testod for resistance to corn rootworm.

Example 6. Analysis of Transgenic Maize Plants

Corn Rootworm Efficacy
Root Excigjon Bioassay

[00176]) Plants arc sampled as they are being transplanted from Magents GA-7 boxes into
soll. This allows the roots © be sampled from a reasonably sterils enviroament rolative to
soil condifions. Sampling consists of cutting a small piece of root (ca. 2-4 em long) and
pmgnmmmwm.m;.-mu.mdu.aml,m
vitaming, 3 mL, Nystatin(25mg/mI), 3 mi., Cefotaxime (S0mg/mi), 7 ml., Asreomycin (50
mg/mi), 7 ml., Streptomycin (S0mg/mi), 7 ml., dHzO, 600 ml) in a small petri-dish.
Negative controls are cither transgenic plants ¢hat are PCR negative for the modified
cry3A gene from the same oxperiment, or from non-transgenic plants (of a similar size to
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test plants) that ave being grown in the phytotron. If sampling control roots from soil, the
root samples are washed with water 1o remove soil residue, dipped in Nyststin solution
(Smg/ml), removed from the dip, blotted dry with paper toweling, and placed into a
phytagar dish.

[00177] Root samples are inoculated with westem com rootworms by placing 10 first
instar larvae onto the inside surface of the lid of cach phytagar dish and the lids then
tightly resealed. Larvae are handled using a fine tip paintbrush. After all dishes are
inoculated, the tray of dishes is placed in the dark at room temperature until data
collection.

{00178] At 3-4 days post inoculation, data is collected. The percent mortality of the larvan
is calculated slong with = visual damagn rating of the root. Feeding damagp is rated as
high, moderats, low, or absent and given a numerical value of 3, 2, 1 or 0, respectively.
Root samples cansing at least 40% martality and having a damage rating of 2 ar less are

[00179] Results in the following tabls show that plants expressing a modified Cry3A taxin
cause from 40-100% mortality to westem com rootworm whereas control plants cause 0-
30% mortality. Also, plants expressing & modified Cry3A toxin snstain significantly less
feeding damage than control plants.

Percent

Mortality
Event [Toxin ABCDBH Pec Event
240A7| Cry3AD55 (804080 60 08
240B2] Cy3A035 G0 60 80 125
240B9] CrylAD3S 60 60 100 1
240B10| Cry3A055 {804060 60 1
240A18 Cry3AD35 [8060 350 70 0.6
240A5| Cry3A055 |608060 033
240A9{ Cry3A055 [506060 70 1.6
244A4]| Cry3A058 |50 1
244A7| Cry3AD58 40 60 13
244A5] Cry3A058 1
21487| Cry3A058 |90 1
24486) Cry3A058 |504060 1
243A3] Cry3A056 [509080 60 125
243A4| Cry3ADS6 508060 1.7
243B1| Cy3A056 (8090 0.5
243B4] Cry3A056 |70 60 50 80 135
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245B2] Ciy3A056 [905070 60 ) 1

WT1 - 01020 10 O 26

WT2 - 0300 0 20 28
Wholo Plant Bicassay

[00180] Some positive plants identified using the root excision bicassay described above
are evaluated for western corn rootworm resistance using a whole plant biocassay. Plants
are infested gonerally within 3 days after the root excision assay is completed.

[00181] Westean corn rootwarm eggs are preincrbated so that hatch occurs 2-3 days after
plant inoculation. Eggs are suspended in 0.2% agar and applied to the 3oil around test
plants at approximately 200 eggs/plant.

[00182]) Two weeks after the eggs hatch, plants are evalusted for demage caused by
wastern com rootworm larvae. Plant height attained, lodging, and root mass are criteria
used to determine if plants are resistant to western cam rootworm foeding damage. At the
time of evaluation, coatrol plants typically sre smaller than modified Cry3A plents. Also,
by the mairs optimized cry3A gene have lodged during this time dos to severe pruning of
most of the roots resulting in no root mass accomnlation. At the time of evaluation, plants
expressing a modified Cry3A toxin of the invention are taller than control plants, have not
lodged, and have a largp intact root mass due to the insecticidal activity of the modified
Cry3A toxin,

ELISA Asxay
[00183) ELISA anslysis according to the method disclosed in U.S. Patent No. 5,625,136 is

used for the quantitative detexmination of the level of modified and vamodified Cry3A
protein in transgenic plamts.




Table 3. Whole Plant Bioassay Results and Protein Levels

Case No. S-60065P1

Transgenic Maize Type of Cry3A Cry3A Protein
Plant Toxin Expressed | in Roots (ng/mg) tact Root Mass
240A2E8 modified Cry3A055 24 - +
240A9C modified Cry3A055 71 - +
24089D modified Cry3A055 204 - +
240B9E modified Cry3A055 186 - +
240B10D modified Cry3A055 104 - +
240B10E modified Cry3A053 70 - +
240A15E modified Cry3A0S55 122 - +
240B4D modified Cry3A055 97 - +
243B5A modified Cry3A056 41 - +
244A7A modified Cry3A0S8 191 - +
710-2-51 maize optimized 39 + -
710-2-34 maize optimized 857 + -
710-2-61 maize optimized 241 + -
710267 maize optimized 1169 + .
710-2-68 maize optimized 531 + -
7102-79 maize optimized 497 + -
710-2-79 maize oplimized 268 + -
WT1 Control - 0 + -
WT2 Control - 0 + -
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ABSTRACT

Compogitions and methods for controlling plant pests are disclosed. In particular,
novel nucleic scid sequences encoding modified Cry3A toxins having increased toxicity to
corm rootworm are provided. By ingerting a protease recognition site, such as cathepsin G,
that is recognized by a gut protease of e terget insect in at least one pogition of a Cry3A toxin
& modified Cry3A toxin having significantly greater toxicity, particularly to western and
northern com rootworm is designed. Purther, 2 method of making the modified Cry3A toxins
and methads of using the modified ery3A nucleic acid sequences, for example in
microorganisms to contral insects or in transgenic plants to confer protection from insect
damage, and a method of using the modified Cry3A toxins, and compositions and
fornmlations comprixing the modified Cry3A toxins, for example applying the modified
Cry3A toxina or compositions or formulations to imsect-infested areas, or to prophylactically
treat insect-susceptible areas or plants to confer protection against the insect pests are
disclosed. *
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modified Cry3A Toxins.ST25
SEQUENCE LISTING

Tutb Chen, Eric
stacy, Cheryl

<120> Mmodified Cry3a Toxins and Nucleic Acid Sequences Coding Therefor
k130> 60065

160> 38

170> Patentin versfon 3.0

210> 1°
<211> 1932
F<212> oNA
<213> Bacillus thuringiensis

<221> DS
<222 (1)..(1932)

«223> Native cry3a coding seguence according to Sekar et al. 1987, Proc.
Natl. Aca. Sci. B4:7036-7040

<400> 1

aAtg aat ccg aac At Cga agt gaa Cat gat aca ata aaa act act gaa 48
;et Asn Pra Asn gsrl Arg ser Glu His ﬁp Thr Ile Lys Thr '{Isll' Glu

aat aat gag gtg cca act aac cat gtt caa tat cct tta gcg gaz act 96
Asn Asnh Glu \213 Pro Thr Asn His \zfg'l GIn Tyr Pro Leu ;‘1): Glu Thr

cca ait cca aca cta gaa gat tta aat tat aaa gag ttt tta aga atg 144
Pro Asn I;;o Thr Leu Glu Asp %u Asn Tyr Lys Glu :is'le Leu Arg Net

act gca gat aat aatr acg gaa gca cta gat agc ':ll:.ct aca aca aaa gat 192
Page




ki

(b ]
[aJ
-ty

(4]~}
T~
<rt

.E E..

%
g

ct
la

Ala Asp Asn Asn Thr
‘50

att caa
Xle GIn

ttc ccg

aaa
Lys

ttt
e

phe Pro ph

act att
Thr Ile

aa gca
g'lu gh
115

Ctt gca
Leu Ala
130

gca trg:

Ala Leu

agc cag
ser Giln

cta aca

tta aca
Leu Thr

cta tac
Leu Tyr
290

199
166

ttg
Leu

Tca

caa
GIn

tTt
Phe

gtc
va

gaa
Glu
260

ta
3a1

cca
Pro

5
%

cca
Pro

atg
Met

tta
Leu

tca
Ser

g9
16

atg
Met

tat
Tyr

att
Ile

tat
Tyr

1 Lys

245

tct
ser

tta
Leu

aaa
Lys

Modified Cry3A Toxins.ST25

att tcc gta gta
;:;I)e ser val val

g?a gcg ctt gtt
Gly Ala Leu val

agt gaa gac ccg
Sar Glu Asp Pro
105

B a9 2 5%
n S e
ar

cag ggc ctt caa
Gln G!Leu Gin
13

tgy caa aaa aat
I; GIn Lys Asn

ata aga gag ctg
Ile Arg Glu Leu

cct teg ttt gca
Pro Ser Phe Ala
iss

cd caa gct gcc
g]l Gin 21a 21a
200

o ot o
r u u
21!

I o B
hLeu
e

tgg tat aat gtt
Trp Tyr Asn val

tgg gta aac ttt
Trp val Asn ;I'GIE

gat tta att gca
Asp Leu Ile Ala
280

gaa gtt aaa acc
Glu ;g} Lys Thr

t gat ctc
y Asp Leu
75

tcg ttt tat
ser Phe Tyr
90

tgg aag gct

Trp Lys Ala Ph

gct gat tat
Ala Asp Tyr

aat aat gtc g

Asn Asn Val
140

cct gt? agt
Pro val ser
155

ttt tct caa
Phe Ser Gln
170

Att tct gga
Ile Ser Gly

aac aca cat
Asn Thr His

_f_gg gga tac
rp Gly Tyr
343

aaa ctt acg
Lys Leu Thr
235

g a Eta g:‘l:
eu
g Lo oo

aac cgt tat
ASn Arg Tyr

cta Tttt cca
Leu Phe Pro

gaa tta aca
Glu Leu Thr
300

Page 2

Glu Ala Leu Asp Ser Ser Thr Thr Lys Asp
55 60

cta g?c gta gta
Leu Gly val val

aca aac ttt tta
Thr Asn sge Leuy

ttt atg gaa caa
e Met Glu GIn
110

gca aaa aat aaa
g;g Lys Asn Lys

aa gat tat gt?
Glu Asp Tyr va

tca cga aat cca
Ser Arg Ash Pro
160

gca gaa agt cat
Ala Glu Ser His
175

tac gag gtt cta
Tyr Glu Val Leu
190

tta tit tta cta
teu Phe Leu Leu
205

gaa aaa gaa gat
Glu Lys Glu Asp

caa gaa tat act
Gln Glu Tyr Thr
240

aaa tta aga g?t
Lys Leu gEg Gly

% 3 e o
R

ttg tat gat gtt
Iz.:g Tyr Asp val

aga gac gtr tta
Arg Asp val Leu

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

>



ir ASp Pro
305
tic
Phe

ctg
Leu

tct aat
Ser Asn

cat aga
His Arg

aat

at gac tct
ASn

AsSp Ser
P 335

ata gga
Ile Gly
370

agt gaa
ser Glu

&aa gcc gta
rg Ala val
t gtt

gca agt
Ala Ser
435

515

! "Hr:cct
y Pro :’.’-g pPhe Th
530

t gcg gca
r Ala Ala
545

Gly val Th

aag gga

att grc gga gtc
Ile val 615 val
3

aat tat
Asn Tyr

ata gaa
Ile Glu
325

att caa
Ile GIn
340

ttc aat tat tgg
Phe Asn Tyr Trp

ttt cac
Phe His

tca aat
Ser Asn

gat ata
Asp Ile
375

CcCct

gta caa aat
Pro va

1 G1n Asn
390

dat aca aat
Asn Thr Asn
405

aaa
Lys

Cd
21:

aca gt? gaa
r val Glu
420

aca
Thr

caa

acg tac
Gln

Thr Tyr

tct
ser

atc

gat caa
Ile

Asp Gln
455

agc cat
Ser His
470

o 3o

aac atg
Asn Met

tat
Tyr

agt
Ser

aga
Ar
48

Tttt
Phe

Tt
Phe
500

tat aag
Lys Ala

Tyr Lys

TLT aca gga gga

act att

tac gt
Thr Ile

9
r G?y ?3; Asp Ile

modified Cry3a Toxins.sT25

aac aac ctt agy
AsSn ASn Leu A
31

a%t Cga aaa cca
Ile A s Pro
9 5%

a ttc caa
Thcg ;Eg Phe GIn

tcc ggt aat tat
ser Gly Asn Tyr
360

atc aca tct cca
Ile Thr Ser Pro

tta gaa ttt aat
Leu Glu Phe g;rsl

ctt gcg gtc tgg
Leu Ala val Trp
410

aéc Caa tat
ser GIn Tyr
425

gac tca
Asp ser
44

ttg
Leu

t®tt
Phe
aaa aga

LYS Arg

cct
Pro

cca gaa
Pro Glu

ctc

caa aat tat
Gin Leu

Asn I;;

gtg tta
val Leu
490

atc
Ile

cca
Pro

att gat

tcg aaa
Ile Asg
50

Ser Lys

tta caa
Leu GIn
520

tct ggt
Ser Gly

att caa

t atc
As Ile GIn

aca ccg gat gt

c tat
Gly Tyr
cat cta
His Leu

cca gga
Pro Gly

gtt tca
val ser
365

e T
e Tyr
380

a gaa
g?y tgﬂu

ccg tcc
Pro Ser

dat
Asn

gat
Asp

aat
AsSn

gtr
val
445

aca aca
Thr Thr
460

gta

at
val 2

Met

act tgg
Thr Trp

aaa
Lys

att
Ile

tcc
ser
525

gct
Ala

tgc aca
Cys Thr
540 -

tcg tac

r Val Thr Pro Asp vVal Ser Tyr
go ' P 555 v

3

dCa acc

g?; Thr Thr
320

t:t gac tat
Phe Asp Tyr
33? b

tat tat gga
r Tyr Gly
3%0

act aga cca
Thr Arg Pro

gga aat aaa
Gly Asn Lys

Lys Val Tyr
r
= o

get gta tat
Ala val Tyr
415

caa aca gat
GIn Thr Asp
430

c gcg gtc
&y a2 @

gat gaa
Asp Glu

cct
Pro

tge tit
Cys Phe

Tta
Leu
480

aca cat
Thr His
495

aca caa
Thr GIn
510

ctt
Leu

gtt gic

gca
val val Ala

aa aat
& asn Sy

tCct caa
Ser GIn

1%

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680
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tat cga gct aga att cat tat gct tct aca tct cag ata aca ttt aca
Tyr Arg Ala Arg %g. His Tyr Ala Ser ‘;1715 Ser GIn Ile Thr Phe Thr

ctc agt
L Ser

a aat
e Asn
c agc
a gga

rGly
25

> 2

2
*AsSn

Gly phe

Asn Thr

375

tta gac g?g gca cca ttt aat caa tac tat ttc gat aaa acg
Leu g;s Gly Ala Pro phe ;gls\ GIn Tyr Tyr pPhe ;;B Lys Thr

f23a gga gac aca tta acg tat aat tca ttt aat tra gca agt
Is'g Gly Asp Thr Leu '&;5 Tyr Asn Ser Phe gg Leu Ala ser

aca cca ttc gaa tta tca ggg aat aac tta caa ata ggc gtc

@ Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu GIn Ile Gly val
610 615 620

tta agt gct g?a gat aaa gtt tat ata gac aaa att gaa ttt
Leu Ser Ala 23‘ Asp Lys vVal Tyr gg Asp Lys Ile Glu as

tt cca gt? aat
1e Pro Va

ASn

644
PRT
Bacillus thuringliensis

Pro Asn gsn Arg ser Glu His gsop Thr T1e Lys Thr '{Ismr Glu

sn Asn GTu val pPro Thr Asn His val GIn Tyr Pro Leu Ala Glu Thr
20 25 30
lpro Asn Pro Thr Leu Glu Asp Leu Asn Tyr Lys Glu Phe Leu Arg Met
Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys Asp
50 55 60

. val Ile GIn Lys Gly Ile Ser val val Gly Asp Leu Leu Gly val val
&5 70 75 80

Pro Phe Gly Gly Ala Leu val Ser phe Tyr Thr Asn Phe Leu
8s 90 95

Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala pPhe Met Glu GIn
Page 4
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1776

1824

1872

1920

1932



100

w‘l‘l Glu Ala Leu Met Asp GIn Lys Ile
] 115 120

A'lla Leu Ala Glu Leu GIn G1¥ Leu GIn
130 13
r Ala Leu Ser Ser TrB Gln Lys Asn
5 15
His Ser GIn Gly igg Ile Arg Glu Leu

Phe Arg Asn Ser Met Pro Ser Phe Ala
| 180 185

e Leu Thr Thr Tyr Ala 6In Ala Ala
195 200

s Asp Ala Gln Ile Tyr Gly Glu Glu
e o gy

Te Ala Glu Phe Tyr Lys Arg GIn Leu
25 4 2!0 9
p His Cys val li!? Trp Tyr Asn val

er Ser Tyr Glu Ser Trp val Asn Phe
. vy 260 P 265

r Leu Thr val Leu Asp Leu Ile Ala
275 280

Leu Tyr Pro Lys Glu val Lys Thr
T‘m 290 T ys 295 y
Thr Asp Pro Ile val Gly val Asn Asn
305 3

«n~ [Phe Ser Asn Ile g}lsl Asn Tyr Ile Arg

Leu His Arg Ile Gin Phe His Thr Arg
340 34

modified Cry3A Toxins.ST25
105 110

Ala Asp Tyr Ala Lys Asn Lys
125
Asn Asn val Glu Asp Tyr val
140
Pro val Ser Ser Arg Asn Pro
155 160

Phe Ser GIn Ala Glu Ser His
170 175

Ile Ser Gl r Glu val Leu
y Ty 190

Asn Thr His Leu Phe Leu Leu

205
Trp Gly Txr' Glu Lys Glu Asp
220

Lys Leu Thr Gln Glu Tyr Thr

¥s 355 T 240

Gly Leu Asp Lys Leu Arg Gl

25 P ys Led 258 °V

Asn Ar r Arg Arg Glu Met
g Tyr Arg 273

Leu Phe Pro Leu Tyr Asp val
285 b

Glu Leu Thr Arg Asp val Leu

300

Leu Arg Gl r Gly Thr Thr

31? y y 320

Lys Pro His Leu Phe As r

3!0 SBE b

phe GIn Pro Gly ';‘;5 Tyr Gly

Page S
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Ailn ASp %‘5- phe Asn Tyr Trp ggg Gly Asn Tyr val gg; Thr Arg Pro

Sér Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn Lys
; 370 ° 375 380

sér Ser Glu Pro val GIn Asn Leu Glu Phe Asa Gly Glu Lys val sz
385 390 395 4

A"g Ala val Ala Asn Thr Asn Leu Ala Val Trp Pro Ser Ala val Tyr
405 410 415

s-er Gly val Thr Lys val Glu Phe Ser GIn Tyr Asn Asp Gln Thr Asp
420 425 430

d.'lu Ala Ser Thr GIn Thr Tyr Asp Ser Lys Arg Asn Val Gly Ala val
! 435 Ty 448 ¥ 9 445 y

r Trp ASp Ser Ile Asp GIn Leu Pro Pro Glu Thr Thr Asp Glu Pro
45 455 460

ed Glu Lys Gl r Ser His GIn Leu Asn Tyr val Met phe Leu

. 65 y y v 470 HS s 480
i

GIn Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His Lys

y 4!! y 490 h 495 ¥

r val Asp phe Phe Asn Met Ile Asg Ser Lys Lys Ile Thr GIn Leu
500 50 510

ro Leu val Lys Ala Tyr Lys Leu GIn Ser Gly Ala Ser val val Ala
515 520 525

Gly Pro Arg pPhe Thr Gly Gly Asp Ile Xle GIn Cys Thr Glu Asn Gl
Y 530 Y 53§ MP %o Y

er Ala Ala Thr ITe Tyr val Thr Pro Asp val Ser Tyr Ser GIn L
E45 RO 555 s¥3

r Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr phe Thr
Y e 9 565 Ty 570 578

-
eu Ser Leu Asp Gly Ala Pro Phe Asn GIn Tyr Tyr Phe Asp Lys Thr
+' s8b 585 R 530

Tle Asn Lgs Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
595 600 605

Page 6
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phie Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu GIn Ile Gly val
. 610 615 620

Tl[r Gly Leu Ser Ala Gly Asp Lys val r Ile Asp Lys Ile Glu Phe
6125 y 635 pLy Ty635 p Ly 640

I'le Pro val Asn

<110> 3
11> 1803
<212> DNA

13> Arrificial Sequence

cDs
(1)..(1794)

acg gcc gac aac aac acc
Ala Asp gsn Asn Thr

arc cag aag g?c atc
G

Ile GIn Lys Gly Xle

20 )

C ttC ccc Ttc gge
?5 Yy ;I;e Pro Phe (g;?y gﬁ

aac acc atc tgg ccc agc
eu g‘s)n Thr 11e TFp Pro g;r

cag gtg gag gcc ctg atg
GIn val Glu Ala Leu Met Asp
65 70

aag gca ctg gcc cta cag
Lys Ala Lag gla ?3;33 Leu GIn

bt agc gcc ctg agc agce tog
val ser Ala igg ser ser Trp

CCC cac agc cag ggc €gc atc

gag gcc ctg
Glu Ala liau

agc gt gt?
ser val va

25
gcc ctg gt
va

Ala Leu
40

gag gac ccc
Glu Asp Pro

gac cag aag atc

GIn Lys Ile

C ctc
&ty Leu in

cag aag aac
Gln ll.zs Asn
5

cgc gag ctg

Maize optimized cry3A coding sequence

gac agc agc acc acc aag
ASp Ser Ser Thr Er Lys

g?c gac ctg ctg ggc g
Gly Asp Leu liguGyVa.

agc trc tac acc aac ttc
ser Phe Hr Thr Asn Phe

tgy aag gecc ttc atg gag
Trp as Ala phe Met Glu

gee gac tac gec aag aac
?.'.li‘ ASp Tyr Ala Lys ason

aac aac gtg gag gac tat
Asn Asn val Glu ggp Tyr

ccc gtc tcg agc cgc aac
Pro val Ser 5125 Arg Asn

ttc agc cag gcc gag agce
Page 7
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192

240

288

336

384
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Piro His Ser GIn Gly Ar
to 115 y A9

cac ttc cgc
His Phe Arg
. 130

Ctg ttc ctg
Léu Phe Leu
145

Ctg aag gac
Leu Lys Asp

gac atc gcc
Asp Ile Ala

dcc gac cac
Thr Asp His
! 195

c agc age
Ely Ser Ser
210

tg acc ctg
et Thr tLeu

cgc ctg
Arg Leu

acc gac
:l.gl Thr Rsp

CC TtC agc
r Phe Sar
275

c ctg cac

r Leu His
290

g 255 25

€CC age atc
Pro ser Ile

Vug agc agc

LysS ser Ser

'tT;c cgc g%:c
Tyr Arg Ala
! 355

aac
AsSn

acc

Thr Th

cc
21a.

gag
Glu
180

tgc
Cys

tac
TYr

acec
Thr

tac
Tyr

cce
Pro
260

aac
Asn

<gc
Arg

agc
ser

ggc
y

gag
Glu
340

af

agc
ser

acc
r

caa
Gln
165

e
Phe

gt
va

a
&

%l

ccc
Pro
245

atc
Ile

arc gag

Ile

atc
Ile

ttc
Phe

agc
ser
325

ccc
Pro

gct
Ala

atg ccc age ttc gec
Met Lrg Ser Phe Ala

tac gcc cag gecc gec
ga Ala GIn Ala Ala

atc tac gyga gag gag
Ile Tyr Gly Glu g}g

tac aag cgc cag ct
Tyr Lys Arg ﬂrsl Leu

52 1 e
s Tr r n
T 0

4gc tgg gt? aac ttc
sSer '{:rl'g val Asn Phe

ctg gac ctg atc gec
5;3 Asp Leu Xle Ala

aag gag gt

aag acc
Lys Glu va

Lys Thr
¥ 250

gt c gt
va yva

aac aac
ASn Asn
265

A aactaca_il:ccgc
Glu Asn Tyr Ile Arg
%o

cag ttc cac acg cgt
Gin ;gg His Thr Arg

aac tac tgp agce g?c
gslg Tyr Trp Ser G

aac gac atc atc acc
Asn Asp Ile Ile ';1;5

cag aac ctt ga
35? G1= AsSn Leg 213

aac acc aac ctg gec
Asn Thr ;gg Leu Ala

arc
Ile

dac
AsSn
155

tgg
Trp

g aag
Lys

&y

aac
Asn

ctg
Ley
235

&au

ctg
Leu

aag
Lys

Ttc
Phe

4ac

Asn
y 315

agc
ser

tte
Phe

gt
va

agc g?c
ser Gly
140

acc cac
Thr His

gge tac
Gly Tyr

ctg acc
1.53 Thr

cta gac
Leu As
20

cgc tac
A r
228

ttc ccc
Phe Pro

ctg acc
LEE Thr

€gc ggc
Arg Gly

€CCC cac
Pro His
285

cag ccc
GIn Pro
300

tac gt
Tyr va

ccc ttc
Pro Phe

Asn o1y

Modified Cry3A Toxins.ST25
Ile Ara Glu Leu Phe Ser Glin Ala
12 125

tac
TYrF

ctg
Leu

a
e

cag
Glin
190

aag
Lys

cge cg

Arg

ctg
Leu

cgc
ATg

tac
T;’rr
270
ctg
Leu

ggc
y

agc
ser

tac
Tyr

gag
Glu
350

Glu Ser

gag gt
Glu va

ttc ctg
Phe Leu
160

aag gag
Lys Glu
175

gag tac
Glu Tyr

ctc cgc
Leu Arg

C gag
Arg Glu

tac 2:(:
Bl
gac gt?
Asg va
25

8y Thr

ttc gac
phe Asp

tac tac
Tyr Tyr

acc cgc
Thr Ar
32

&y Asn
33

aag gt
Lys va

Tgg C€CcC tct gca gt?
Trp ;rs'g ser Ala va

Page 8

432

480

576

624

672

720

768

816

864

912

1056
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modified Cry3A Toxins.sT25

tac agc ggc gtg acc aag gtg gag ttc agc cag tac aac gac cag acc 1152
TYr Ser g?y val Thr Lys val Glu Phe Ser GlIn 1';5 Asn Asp Gln Thr

« 370 375 3

EC gag gCC agc accC cag acc tac gac agc aag cgc aac gt C gcc 1200
Rég ?ﬂu Ala sgr Thr Gin Thr Tyr Asp Ser L;s Arg Asn Va? E?y Ala
385. 390 355 400

t C t ac agc atc gac Ctg CCC CCC gag acc acc gac gag 1248
\'faq ggr ng gsp sgr Ile gp é%g Leg Pro Pro Glu Thr Thr Mg Glu

I 405 410 41
cc':c ctg gag aag ggc tac agc cac cag ctg aac tac gtg atg tgc ttc 1296
Plo Leu Glu L!s Gly Tyr ser His GIn Leu Asn Tyr val Met Cys Phe

I 420 425 430

|

atg ca C agc Cpgc ggc acc atc ccc gtg ctg acc tgg acc cac 1344

fﬁﬂ Ile% E;E Gly ggr ggrg Gly m Ile Pro \gfa? Leg Thr Trp Thr His

445

agc gtc gac ttc ttc aac aty atc gac agc aag aag atc acc cag 1392
igs val Asp Phe Phe 2.;.:; Met Ile Asp Ser |4. s Lys Ile Thr GIn

ccc ctg gtg aag gcc tac ctc age ggec geec age gt
Pro Leﬂ 3:? Lyg E}g Tyr :;g Leu Gc%g z;; gqy gh sgr \gfa?

38—

gt 1440
va
480
g?c CCC cgec ttc acc ggc ggc gac atc atc cag tgc acc gag aac 1488

y Pro Arg Phe Thr Gly Gly Asp Ile Ile GIn Cys Thr Glu Asn
485 y ¢ly Asp 490 495

a4gc gcCcc gcc acc atc tac gtg acc Ccc gac tac C 1538
sgr g'la E’!.a Thr Ile Tyr ea }1&; Pro gsp 3:? w H(l; ggr Gc%g

tac Ccgc gec cfc atc €ac tac gece age acc age cag arc acc ttc 1584
. Tyr Arg Ala Arg Ile His T!r Ala ser Thr Ser Gln Ile Thr Phe

& 5 520

CC Ctg agc Ctg gac ggg gcecc ccc tic aac tac tac ttc gac aag 1632

caa
r Leu S5er Leu As Ala Pro phe Asn GlIn Tyr Tyr Phe Asp LyS
530 poly 535 HO i p LY

CC dLlC aac aag ggc gac acc €tg acc tac aac agc ttc aac ctg gco 1680
r Ile Asn Lys Gly egs Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala

855 560
C ttc agc acc cct ttc ctg agc ggc aac aac ctc cag atc gge 1728
er Phe ;gr Thr Pro Phe gﬁ Le‘lgl sgr % Asn Asn Leu GIn Ile (’: y
565 57 575
acc ggc ct C gcc gge gac aa tac atc gac aag atc gag 1776
a? Thr %?y |§E§ alsgr R‘Ia g y E:p ls.xg 3:? Tyr Ile Asp lg.g Ile Glu

tc arc ccc gt? aac tag atctgaget 1803
e Ile ;rg‘l:s) val Asn

<210> 4
Page 9




42.‘;11>
<1
<3

<400>

597
PRT
Artificial Sequence

4

madified Cry3A Toxins.ST25

Met Thr Ala ASp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1l 5 10 15

Asp Val Ile GIn Lys Gly Ile Ser val val Gly Asp Leu Leu Gly Val
5D 20 y y % Y Asp 30 y

a
)

Leu Phe Leu Thr
145

: }n val Glu Ala

Ala Leu Ala

ro His ser Gln
115

'I"his Phe Arg Asn
130

1 Gly Phe Pro Phe Gly Gly Ala Leu val Ser Phe T¥r‘ Thr Asn Phe
35 40 4

eu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp %s Ala phe Met Glu
50 55

Leu Met Asp GIn Lys Ile Ala As r Ala Lys Asn

e p y ) p Ty y as

Glu Leu GIn Gly Leu GIn Asn Asn val Glu As r

85 y 920 ssp Ty

Ser Ser Trp GIn %s Asn Pro val Ser Ser Arg Asn

5 110

Gly Arg Ile Arg Glu Leu Phe Ser GIn Ala Glu Ser
y Ar :I.zrg 125

ser Met Pro ser phe Ala Ile Ser Gly Tyr Glu val

135 140

Thr T¥r Ala GIn Ala Ala Asn Thr His Leu Phe Leu
150 160

155

Leu Lys Asp Ala GIn Ile Gly Glu Glu Trp G} r Glu Lys Glu
Y P 165 Tyr Gly I"170 P ey Ty 1¥s

Asp Ile Ala Glu

180

Thr Asp His Cys
195

Gly Ser Ser Tyr

Phe Tyr Lys Arg GIn Leu Lys Leu Thr GIn Glu Tyr
185 190
val Lys Trp Tyr Asn val Gly Leu Asp Lys Leu Arg
0 205

Glu Ser Trp val Asn Phe Asn ﬁ;-g Tyr Arg Arg Glu

Page



Modified Cry3A Toxins.ST25
210 215 220

Met Thr Leu Thr val Leu asp Leu Ile Ala Leu Phe Pro Leu Tyr Aig
225 230 235 2

val Arg Leu Tyr Pro Lys Glu val Lys Thr Glu Leu Thr Arg Asp val
: 245 250 b ng

Leu Thr Asp Pro ITe val Gly val Asn Asn Leu Arg Gly Tyr Gly Thr

' P 260 y 265 30

Thr pPhe Ser Asn Ile Glu Asn T!r ITe Arg Lys Pro His Leu Phe Asp

| 275 280 285

'yr Leu His Arg Ile GIn Phe His Thr Arg phe GIn Pro 61 r Tyr

I 290 9 295 g 300 y Ty Ty
1y Asn Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr val Ser Thr Ar

§0¥ . 310 v 315 328

pro Ser Ile Gly Sar Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn

y P 330 4 33¥

325

ys Ser Ser Glu Pro Val GIn Asn Leu Glu Phe Asn Gly Glu Lys val
340 345 350

Ala val Ala Asn Thr Asn Leu Ala val Trp Pro Ser Ala val
355 360 365

Gly val Thr Lys val Glu phe Ser GIn T!r ASn Asp GIn Thr
375 380

Asp GTu Ala Ser Thr GIn Thr Tyr Asp Ser Lys Arg Asn val Gly Ala
3lg 390 R4 P 3;5 9 y 400
val Ser Trp Asp Ser Ile Asp GIn Leu Pro Pro Glu Thr Thr Asg Glu
405 410 41

Pro Leu Giu LYS Gi r ser His GIn Leu Asn Tyr val Met Cys Phe
4!0 ym 425 i 430 d

Leu Met GlIn Gly Ser Arg Gly Thr Ile Pro val Leu Thr Trp Thr His
435 440 445

Lys Ser val Asp Phe Phe Asn Met Ile Asp Ser L&s, Lys Ile Thr GIn
450 455 4

Page 11



tygccgagtt

agatctgage
cacttcactg

ctttgtgcag
aattcctaaa
tgactgggaa
cagctrggegt
gaatggcgaa
ccgcatatgg

acacccgeca

ccgecegegag
gcgectgtac
cgtgggcgtg
ccgcaagecc
cggctactac
cagcatcgge
cgtgcagaac
ggccgtgtgg
cgaccagacc
gagctgggac
ctacagccac
cccegtgetg
gatcacccag
aggcccecge
catctacgtyg
cagcaccagc
cttcgacaag
cttcagcacc
cgccggcpac
tcaagatctg

Modified Cry3a Toxins.ST25
tgttcctget gaaggacgece caaatctacg gagaggagtg gggctacgag aaggaggaca

ctacaagcgc cagctgaagc tgacccagga gtacaccgac
cotgggtcta gacaagetcc gcggeagcag ctacgagage

atgaccctga ccgtgetgga
CcCccaaggagg tgaagaccga
aacaacctgc geggctacgg
cacctgttcg actacctgca
ggcaacgaca gctrtcaacta
agcaacgaca tcatcaccag
cttgagttca acggcgagaa
ccectctgeag tgtacagcgg
gacgaggcca gcacccagac
agcatcgacc agctgeccec
cagctgaact acgtgatgtyg
acctggacce acaagagegt
crgcecectgg tgaaggecta
ttcaccggcg gcgacatcat
accccegacg tgagotacag

cctgatcgec
gctgaccege
caccaccttc
ccgeatceag
ctggagcgge
ccececttctac
ggtgtaccgc
cgtgaccaag
ctacgacagc
cgagaccacc
cttcctgatg
cgacttcttc
caagctccag
ccagtgecace
ccagaagtac

cactgcgtga
tgggtgaact
ctgttececc
gacgtgctga
agcaacatcg
ttccacacge
aactacgtga
ggcaacaaga
gccgtggeta
gtggagttca
aagcgcaacg
gacgagccec
cagggcagecc
aacatgatcg
agcggegeca
gagaacggca
cgcgeeogea

cagatcacct
accatcaaca
cctttcgage

aaggtgtaca
ttgtacaaaa

tatgaataaa agtctggtgt

aacttagtat gtatttgtat
accaaaatcc agtgggtacc
aaccetggeyg ttacccaact
aatagcgaag aggcccgoac
tggcgectga tgopgtatt:
tgcactctca gtacaatctg

acacccgctg acgegecctg

tcaccctgag
agggcgacac
tgagcggcaa
tcgacaagat
accagcaact
ctggttcctg
ttgtaaaata
gaattcactg
taatcgectt
cgatcgcect
Tctccttacy
ctctgatgec
acgggcttgt

cctggacggg geccecttca
cctgacctac aacagettca
caacctccag atcggegtga
cgagttcatc cccgtgaact
cactgcactg cacttcactt
atcgatgact gactactcca
cttctatcaa taaaatttct
gcegtegttt tacaacgteg
gcagcacatc cecctttege
tcccaacagt tgegeagect
catctgtgeg’ gratttcaca
gcatagttaa gccagecccg
ctgctcccgg catccgetta

cagacaagct gtgaccgtct ccgggagetg catgtgtcag 1?gttttcac cgtcatcacc

Page 1

540
600
660
720
780
840
900
960
1020

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1360
1920
1980
2040
2100
2160
2220
2280
2340
2400



N 4

Modified Cry3a Toxins.ST25

BJiECSCBCS agacgaaagg gcctcgrgat
aitaatgutt tcttagacgt caggtggcac
ttgtttattt ttctaaatac attcaaatat
datgcttcaa taatattgaa aaaggaagag
tattcccttt tttgeggcat tttgecttce
agtaaaagat gctgaagatc agttgggtge
chgcggtaag atccttgaga gtrttcgecc

haagttctg

gtgtcttace

‘aaconggngt

cctacagegt
tccggtaage
ctggtatcty
atgctegrea

ctatgtggcg cggtattatc
cactattctc agaatgactt
ggcatgacag taagagaatt
aacttacttc tgacaacgat
ggggatcatg taactcgcct
gacgagcgtg acaccacgat
ggcgaactac ttactctagc
gttgcaggac cacttctgcg
ggagccggtg agegtgggtc
tcccgtatcg tagttatcta
cagatcgctg agataggtgce
tcatatatac ttrtagattga
atcctttttg ataatctcat

tcagaccccg tagaaaagat
tgetgettge aaacaaaaaa

acgcctattt
ttttcgggga
gtatccgctc
tatgagtatt
tgrrrrtgct
acgagtgggt
Ccgaagaacgt
ccgtattgac
ggttgagtac
atgcagtget
cggaggaccg
tgatcgttgg
gcctgtagea
ttcccggcaa
cteggecctt
tcgcggtatce
cacgacgogg
ctcactgatt
tttaaaactt
gaccaaaatc

caaaggatct
accaccgcta

ttataggtta
aatgtgcgeg
atgagacaat
caacatttecc
cacccagaaa
tacatcgaac
tttccaatga
gccgggcaag
tcaccagtca
gccataacca
aaggagctaa
gaaccggagce
atggcaacaa
caattaatag
ccggetgget
attgcagcac
agtcaggcaa
aagcatrtggt
catttttaat

atgtcatgat
gaacccctat
aaccctgata
gtgtcgeect
cgetggtgaa
tggatctcaa
tgagcacttt
agcaactcgg
cagaaaagca
tgagtgataa
ccgetttttt
tgaatgaagc
cgregegcaa
actggatgga
ggtttattgc
tggpgccaga
ctatggatga
aactgtcaga
ttaaaaggat

ctaccaactc tttttccgaa ggtaactgge
cttctagtgt agccgtagtt aggecaccac
ctcgctetge taatcctgtt accagtgget
gggttggact caagacgata grtaccggat
tegtgcacac agcccagett ggagegaacy
gagctatgag aaagcgecac geottcccgaa
ggcagggtcg gaacaggaga gcgcacgagg
tatagtcctg tcggotttcg ccacctctga
9999ggcgga grctatggaa aaacgccage

ccttaacgtg agttrtcgtt
tcttgagate ctttttttct
ccagcggtgg trtgttitgec
ttcagcagag cgcagatacc
ttcaagaact ctgtagcacc
gctgecagtg gcgataagtc
aaggcgcagc ggtcgggctg
acctacaccg aactgagata
§gg9agasagg cggacaggta
gagcttccag ggggaaacgc
cttgagcgtc gatttttgtg
aacgcggect ttrtacggtt
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2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3300
3960
4020
4080
4140
4200
4260



cerggectet
ggataaccgt
gtgcagcgag
CFCGCBttQQ
CFGEQ‘!CQC
ctttatgeet
daacagctat

I
gaccacaacp

Caaaagcca
catgcert

cgttagagt
patgragagc
:;mmmctcctc
Heatgtctetg
cagactgacg
tggtagtggt
cgactgacgc
gagttcacag
acgtgctcta
tacacgtagt
ttagtggagg

tgctggectt
attaccgect
tcagtgagcy
ccgattcatt
aacgcaatta
ccggetegta
gaccatgatt
atccaacaat
Ttgtgttitgg
aatttgcaaa
atatttgtga
aatatcgaaa
ctttgagaaa
tgctgcaatt
cggataactc
caccccatat
ccacctatag

Modified Cry3A Toxins.ST25

ttgctcacat
ttgagtgagc
aggaagcgga
aatgcagctg
atgtgagtta
tgtrgtgtay
acgccaagct
acttctgega
aatttttagt
tttggtataa
agctaaacat
tggaaacatc
cttcttcaga
ccacaaatgc
aattccctge
gcaccaatct
ctaccaattg

gtrctrecct
tgataccgct
agagcgccca
gcacgacagg
gctcactcat
aatrrgtgagc
tgcacatgac
€gggctgtga
tattctattt
ctactgattg
gatgttarct
tgtasattag
tcatgaccgt
atgacatgca
tccatcaatt
gactcccaag
agacctttcc

Caaagagttg gtggracggg tactttaact

ggaaagcgec
crcgteggec
tgtcctegtc
acatgagtct
aaccattttc
tgtpgcaggc
gtcctatcct
aggttgcgat
gtgcgggagt
aggaggacac

tccctacgeg
gcccacaacg
cgacctcgac
ctgaagagcc
gtcgogetga
acgctatcgg
tgcatcgete
aacgggcgga
gtgtttcgta
actaaaatca

gaacaacacc
agggagcccg
atgtcatggc
cgccacctag
cgcggagage
aggttacgac
gggccggagqt
ggaaggcgtg
gacgcgggaa
ggacgcaaga

agagaagaga ttataggagt gtgggttgat tctaaagaaa
aaaacgggtg ctttaatata gtagatatat atatatagag
atgcatttgt gtctgcatat gatcggagta ttactaacgg

atgcgtggag cgagcccatt tggttggttg tcaggccgea
Page 15

gcgttatcece
cgccgeagec
atacgcaaac
tttcccgact
taggcaccce
ggataacaat
aacaattgta
agtatagaga
ttcatgatgt
aaaatatatg
aagaaaatat
aatcatctta
agaagtagct
tcettgtaac
tagaaatgag
tctetgtttc
agcctaagea
accatggaat
ctecgecatge
tggtcgcage
aaacagtcgg
aaagatccga
gagaggccag
g9tggcgggtc
ttacgggact
tggcgtgegg
agcacgacga
aactcttcta
atcgacgeag
agagagagaa
ccgtcgtaag
gttaaggcect

Ctgattctgt
gaacgaccga
cgectctece
ggaaagcggg
aggcttraca
ttcacacagg
agaggatgga
agttaaacgc
atcticctct
tatgtaaaaa
gttgttaaca
caagctaaga
ctccaagact
cgtcgtegec
Caagcaagca
gcattagtac
gatcgattga
gatggagegt
cgctcgacta
caccgaccag
acgccagcac
gcectgetge
asatrttatag
actcgacgcg
tatccttacg
agacggttta
Ccttacgaagg
ttatagtagt
gacaaccgtc
agtacaaagg
aaggtccatc

ccatatatga

4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940

6060
6120
6180



|
ttgtcgtogyg geccataaca

gagatatttg tcgtcgggca
tFCttGCC!G caagaggaag
tictagctag aaatgagaga
atccttccat cagatcagaa
g;ttgtttta gtgtggcttt
ggctgtagct ttcaggctga
aattgaggta gctagtceaac
tagtttgaga gtccaaaaac
ttttaaataa gtagtgtatt
ulId;:auctagca ttcagtctaa
cﬁgcatagcta gctacaagtt

cttgcaagc aagagcctat
Hatcgatgatc catcctcact

{f9caaataag acgacttgtt

%ﬂgtqﬂg

lﬁ'd'<z1o> 6

H<211> 1801
<212> DNA

Modified Cry3A Toxins.ST25
gcatctcctc caccagrtta ttgtaagaat
gaagaaactt ggacaagaag aagaagcaag
atagtggcct ctagtttata tatcggegtg
agaaaaacgg acgcgrgttt ggtgtgrgtc
cgatgaaaaa gtcaagcacg gcatgcatag
gctgagacga atgaaagcaa cggcgggeat
aagagacgtg gcatgcaata attcagggaa
ttgtacattg gtgcgagcaa ttttccgeac
tataggagatr taaagaggct aaaatcctct
tgtattttaa ctcctccaac ccttccgatt
tgcatgcatg cttggctaga ggtcgtatgg
aaccgggtct tttatattta ataaggacag
gctaggacga actcgtggat tattactaaa
taattgttcg atcaggagac aagtggggea
ggcgtggtga cacggcgogt tgcccataca
tgctataaaa agaggtgtcc atggtgetca
tcattgattc ttcaagagat cgagcttctt

i<213> Artificial Sequence

1<220>
<221> (DS

‘4222> ..QA790)

aaattaagta
ctaggccaat
atgatgatge
aatggcgtcc
tatatgtata
attttrcagt
ttcgtcagec
tcaggaggge
ccttatttaa
ttatggetct
ggttgttaat
gcaaagtatt
tcgaaatgga
ttggaccggt
tcatgectece
agctcageca
ttgcaccaca

<223> Maize optimized wodified cry3a054 coding sequence.

<220>
<221> misc_feature
<222> (322)..(333)
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6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
69500
6960
7020
7080
7140
7200
7208

2N



Modified Cry3A Toxins.sT25
<223> cathepsin G recognition site coding sequence

acg gcc gac aac aac acc gag gcc ctg gac agc age acc acc aag
r Ala gsp esn Asn Thr g‘lg Ala Llle)g Asp ser Ser Thr Er Lys

Th
atc cag aag ggc atc agc gt ggc gac ctg ctg ggc gt
gt? Ile %n Lys G?y Ile Ser \zrgg 33 Gly Asp Leu 13.811 Gly va

€ ttc ccc ttc gg9c ggc gec ctg gtg agc ttc tac acc aac ttc
g?y glsne Pro Phe G?y g?y gga Leu vn? ser phe Hr Thr Asn Phe

acc atc tgg ccc agc gag gac ccc tgg asg gocc ttc atg gag
Thr Ile Trp Pro ggr Glu Asp Pro Trp 16-55 Ala phe Met Glu

? gap gcc ctg atg gac cag aag atc goc gac tac gec aag aac
val Glu Ala Leu I?lst Asp GIn Lys Ile 9}a Asp Tyr Ala Lys :gn

gca ctg gcc gag cta cag g?c Ctc cag aac aac gtg gag gac tat
Ala Leu Ala (sﬂsu Leu GIn Gy Leu g"l,n Asn Asn val Glu sr;p Tyr

agc gcc ctg agc agc tgg cag mag aac ccc gct geca ccg ttc cco
ser Ala Iile)g ser Ser Trp GIn iz; Asn Pro Ala Ala Hs Phe Pro

agc ¢ C ¢gc atc cgc gag ctg ttc agc cag gec ga C cac
Ser g‘l:ﬁgy:grg Ile A?m%}?; :.eﬁ Phe sgr ﬂn%}g 213 gr His

C €gC amc agc arg ccc agc ttc gcc atc age gge tac gag gtg ctyg
2;8 ASn Ser Met Pro ig; Phe Ala Ile Ser % Tyr Glu qu Leu

ttc Ctg ACC acc tac gec cag gcc goc aac acc c€ac ctg ttc ctg ctg
Phe Leu Thr Thr Tyr Ala GIn Ala Ala Asn Thr His Leu Phe Leu Leu
145 150 155 160

aag gac gco caa atc tag g?a gag gag tpg ggc tac gagp aag gag gac
LyS Asp Ala GIn ﬂg Tyr Gly Glu Glu ‘{; Gly Tyr Glu Lys f}g ASp

atc gecc gag ttc tac cgc cag ctg aa acc tac acc
Ile 211 G]ﬂ Es Tyr :;g Alg'g G1= Ii§§ Lyg % Thr Gc%g ?{EE Tyr Thr

gac cac tgc gt? aag tgg tac aac gt g?t cta gac aag ctc ¢gc ggc
‘Asp His gg val Lys Trp Tyr 42\33 val Gly Leu Asp %.;_ Leu Arg Gly

agc agc tac gag agc tgg gt? aac ttc aac cgc tac cgc cgc gag atg
ser gis Tyr Glu Ser Trep \_35 Asn pPhe Asn Arg H 5 Arg Arg Glu Met

| 4CC CTQ ACC gtg Cctg gac ctg atc gcec cty ttc ccc cty tac gac gty
Page 17

43
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240

288

384
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480
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ccC

atc
Ile
260

atc
Ile

Modified Cry3A Toxins.ST25

aag gag gtg aag acc

Pro Lys Glu val Lys Thr Glu
245 250

aac aac

Gt &y Yaf Asn asn

gag aac tac atc cgc

ctg
Leu

gig

ctg
Leu

cgc
Arg

€cC
Pro

aag
Lys

val Leu Asg Leu ITe Ala Leu Phe Pro Leu Tyr Asp val
23 235 240

acc cgc gac gt? ctg
Thr Arg Asp Val Leu
255

g?c tac ggc acc acc
Gly Tyr 5;7‘ Thr Thr

cac ctg ttc gac tac
His Leu Phe Asp Tyr

cC
ﬂag 21:

385

agc tgg
ser Trp

Ictg gag
'Leu Glu

at
nef GTh

atc
Ile

ttc
r Phe

o 35

ser
€cC
Pro
340

ct
‘g':? g'la
355

&l

K

agc acc
ser Thr

gac agc
Asp Ser

aa c
Lys &f
42

4

Glu Asn Tyr Ile Ar
v 280 9

cag ttc cac
G1n Phe His
295

aac tac tgg
AsSn Tyr Trp

aac gac atc
Asn Asp Ile
325

qtg cag aac
val GIn Asn

aac acc aac
Asn Thr Asn

aag ﬂt? gag
Lys Va G';u

cag acc tac
GIn Thr Tyr
390

atc gac cag
Ile Asp GIn
405

tac agc cac
Tyr Ser Hi1s

Cge ggcCc acc

aiasglc'ArgGyﬂlrﬂs

acg cgt
1112 Arg

agc ggc
Ser Gly

atec acc
Ile Thr

ctt
Leu

el

345

[ =
- Ala

Leu
360

ttc

c
Phe o

Ser

gac
Asp

age
ser

ccc
Pro

ctg
Leu

ctg
Leu
425

ccC
Pro

ain

atc

‘@ |2gC gtC gac TTC tLC aac atg atc gac
ser \4!% Asp Phe Phe Asn ﬁg Ile Asp

'ccc ctg gtg aag geo tac aag ctc cag
Pro Leu Val Lys Ala 1¥r Lys Leu GIn
465 470

285

€CCC ggC tac tac ggc
SDPSGYWFTYI'GY

ttC

C
Phe H

GlIn

tac
1)

cce
Pro

aac

gtg agc acc cgc ccc
Asn

val Ser Thr Arg Pro
320

agc
ser
330

tte
Phe

tic tac ggc aac aag
Phe Tyr Gly g;g Lys

&y & iE Wl o
3%

€cC tct gca gtg tac
Pro gg; Ala val Tyr

dac
Asn

gtg tgg
val Trp

cag tac

aac gac cag acc gac
Gln Tyr

Asnh Asp GIn Thr As
1 P P

aac gt

? c gcc gt
ASn vVa

159 555 3
s A Ala
¥ 35! y 400
CCC gag ACC acc gac gag ccc
Pro Glu Thr Tthr gsp Glu Pro
410 415

aac tac gt? atg tgc ttc ctg
Asn Tyr val met 33 Phe Leu

aCC tgg acc cac
3ﬁ%mrﬂr§mrmsf;2

agc aag aag atc acc cag ctg
Ser Lys Ii s Ile Thr Gln Leu

agce g?c gce age gt? gtg gca
Ser G g Ala ser val va ﬂg

47
Page 18
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864
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1056
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1152

1200

1248

1296

1344

1392
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.

Modified Cry3A Towins,$T25

g&c C€CC €gC ttc acc g?c ggc gac atc atc cag tgc acc gag
y Pro Arg Phe 141&:5' G

Gly Asp Ile 1le GIn Cys Thr Glu
Y Gly Asp 190 Cy.

C QCC gCC acc atc tac gtg acc ccc gac gtg agc tac agc
r Ala Ala Tthr I1e Tyr val Thr Pro Asp val Ser Tyr Ser

500 505 510

thc cgec gec cgc atc cac tac goe age acc age cag atc acc
r Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gln Ile Thr

515 520 525

ctg agc ctg gac ggg gcc ccc ttc aac caa tac tac ttc gac
Leu ?335 Leu Asp Gly Ala l;;g pPhe Asn GIn Tyr HE Phe Asp

atc aac aag C gac acc ctg acc tac aac agc tic aac ctg

5{-45

1le Asn Lys Gly Asp Thr Leu Thr Tyr Asn gcse; Phe Asn Leu

550

ttc agc acc cct ttc gag ctg agc ggc aac aac Ctc cag atc
Phe Ser Thr Pro Phe GlU Leu Ser Gly g.;.g Asn Leu GIn Ile

a

565

e g?c Cig agc gco ggc gac aag gtg tac atc gac aag atc
r Gly Ala

Leu Ser Gly Asp Lys val Tyr ITe Asp Lys Ile
580 585 590

£C ccc gtg aac tag atctgagctc
1e pPro vVal Asn

Ecz:lb
212>

Eous

M
<220>
221>
222>

’d23>
<400>

7
596
PRT

Artificial Sequence

misc_feature

(322)..(333)

cathepsin G recognition site coding sequence
7

aac g?c
Asn Gly
4935

cag aag
GIn LyS

TttC acc
Phe Thr

aag acc
Lys Thr

gce agce
Ala Ser
560

gy

ttc
gillﬂ Phe

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15

iAsp val Ile G1In Lys Gly Ile Ser val val Gly Asp Leu Leu Gly val
p 20 y y 25 Yy Asp 30 Yy

val Gly Phe Pro Phe Gly Gly Ala Leu val Ser Phe T¥r Thr Asn Phe
35 40 4

Page 19

1488

1536

1584

1632

1680

1728

1776

1801
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250 295

n Asp Ser pPhe Asn Tyr Trp

Qs

er Ile Gly Ser Asn Asp Ile

325

er Ser Glu Pro val Gln Asn

I 340

rg Ala val Ala Asn Thr Asn

355

Ler Gly val Thr Lys val Glu

375 o 375

I
lu Ala Ser Thr GIn Thr Tyr
85 390

er Trp Asp Ser Ile Asp GIn
P Asp a5 7

eu Glu Lys Gl r Ser His

¥ 425 d

t GIn Gly Ser Arg Gly Thr
11 Skl

r val Asp Phe Phe Asn Met

450 455

Pro Leu val

Lys Ala Tyr.Lys
465 i BO

Gly Pro Arg Phe Thr Gly Gly
485

ser Ala Ala Thr Ile Tyr val
500

r Arg Ala Arg Ile His Tyr
Ty "0515 rg Ty

Leu Ser Leu Asp Gly Ala Pro
530 535

Modified Cry3A Toxins.ST25
300

ser

Ile

Leu

Gly Asn Tyr val Ser Thr A
Yy HS rg
Thr Ser Pro pPhe Tyr Gly Asn
330 4 335

Glu Phe Asn Gly Glu ; 3 val

345

Leu
360

Phe
AsSp
Leu
GlIn
Ile
440
Ile
Leu
Asp
Thr
Ala
520

Phe

Ala val Trp Pro Ser Ala val
365

Ser GIn Tyr Asn Asp GIn Thr
380 P

Ser Lys Arg Asn val Gly Ala

¥* 358 Y
Pro Pro Glu Thr Thr Asp Glu
410 415

Leu Asn

r val Met Cys Phe
425 T 30

Pro val Leu Thr TI'E Thr His
44
ASp Ser Lys |4. s Ile Thr GIn
GIn Ser G1g Ala Ser vai val
47
Ile Ile GIn Cys Thr Glu Asn
490 495
Pro Asp val Ser Tyr Ser Gln
505 R4 510
ser Thr Ser Gln Ile Thr phe
525
Asn GIn Tyr Tyr pPhe Asp Lys
TY HO P Ly

Page 21

Pro
320
Lys
TYyr
Tyr
Asp
val
Pro
Leu
Lys
Leu
Ala
480
Gly
Lys
Thr

Thr



Modified Cry3A Toxins.sT25
Yle Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala Ser
4 550 555 560

e Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu GIn Ile G'I¥ val
565 570 57
r Gly Leu Ser Ala Gly Asp Lys val Tyr Ile Asp Lys Ile Glu Phe
) 4 380 Y A5p Ly 585 Ty p Ly 590
1e Pro val Asn
595

10> 8

11> 1807

12> DNA

13> Artificial Sequence

220>
21> DS
22> (1)..¢1806)
223> Mafze optimized modified cry3a055 coding sequence.

220>
W<221> wisc_feature
-} <222> (322)..(333)
23> Cthepsin G recognition site coding sequence.

<400> 8

Atg acg GCC gac aac aac acC gag gee ctg gac age age acc acc aag
?t Thr Ala Asp esn Asn Thr Glu Ala isu Asp Ser Ser Thr Il;r Lys

i gtg atc cap aag ggc atc agc gt C gac ctg ctg pgc gt
|x:§va? I'Iegzg LngyI'IeSergf?'VaTayAsp Leu s.su y va

| | C ttc ccc ttc gge gge gec ct agc ttc tac acc aac ttc
33 g?y ;Ige Pro Phe ?ﬂy g?y Eaa Leg gta? sgr Phe I!r Thr Asn Phe

ctg aac acc atc tgg ccC agc gag gac ccc tgg aag gec ttc atg gag
Leu g(s‘n Thr Ile Trp Pro ggr Glu Asp Pro Trp ls.zs Ala phe Met Glu

Page 22
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- ———

t

aag gca
Lys Ala
|

fif 22

aac ccc
Asn Pro

C Cac
r His
130

ctg
Leu
AS

ctg
eu Leu

gac
Klu Asp

,h.

C acc
ATyr Thr

| T

:gc g c
WArg
21

; gig atg
wGlu Met
rzzs

gac gt
Asp Va

X

gag gcc ctg
Glu Ala Leu

ctg gcc gag
Leu Ala g}u

gcc ctg agc
Ala Leu Ser
100

CAC agc C
His Ser GIn
115

ttC ¢gc aac
Phe Arg Asn

ttc ctg acc
phe Leu Thr

asg gac gec
Lys Asp Ala
165

atc gee
Ile 21a gﬁ
180

gac ﬁ?c tgc
5 5 Cys
158 s ¥

a4gC agc tac
ser ser Tyr

acc ctg acc
Thr Leu Thr

cgc Etg tac
Ar eu r
o e

gtg ctg acc gac ccc
val Leu Thr ;gg Pro

acc acc ttc agc aac
Thr Thr ;?E Ser Asn

gac tac ctg cac cgc
ASp L r Leu His Arg

tac ggc aac pac agc

r Gly Asn Asp Ser Phe Asn Tyr Trp ggﬁ g?c
}KS 310

cta cag
Leu GIn

agc tgg
ser Trp

in &ty Afg

y Arg

agc atg
Ser Met
135

:ﬁc ;;c
r Tyr
150

caa atc
Gin Ile

ttc tac
Phe Tyr

gtg aag
val Lys

gag agc
Glu ser
215

gtg ctg
val Leu
230

ccc aag
Pro Lys

atc gt
Ile va

atc ga
Ile 213

arc cag
Ile GIn
295

LTC aac

mModified cry3a Toxins.ST25
atg gac cag aag atc gcc gac tac gcc aag aac
ggt Asp GIn Lys Ile ?}a Asp Tyr

ggc ctc cag aac

aac gt

Gly Leu GIn Asn Asn Va
90

cag aag aac ccc
GIn ; ; Asn Pro

atc cgc gag ctg
Ile Arg GIU Leu
120

€cc age ttc gec
Pro Ser phe Ala

CC cag gcc gcce
21: Glg 21: 21:
155

tac gga gag gag
r Gly Glu Glu
R y 170

aag cgc cag ctg
LysS Arg GIn Leu
18

%gg tac aac 3t
r Asn Va
200

tgg gtg aac ttc
Trp val Asn phe

gac ctg atc gcc
Asp Leu Ile Ala
235

gag gtg aag acc

gct geca
Ala Ala

ttc [
phe ggr
125

atc agc
Ile Ser
140

aac acc
Asn Thr

tg9 !?C
Trp Gly

aag ctg
Lys Leu

Tt cta

g?y Ley

205

aac cgc

ASh Arg
220

ctg ttc
Leu Phe

gag cto

Ala Lys Asn

80
gag gac tat
Glu agp Tyr

ccg ttc cge
Pro Phe Arg
110

c tac
&ly yr &

cac ctg ttc
His Leu Phe
160

tac gag aag
Tyr Glu Lys

175
acc cag gag
Thr GIn g u

gac aag ctc
ASp LYS Leu

tac cgc cgc
Tyr Arg Arg

:cc Etg $;c
ro Leu Tyr
240

acc cgc gac

Glu val Lys Thr GIu Leu Thr Arg As
z!o zgg P

g?c gt? aac aac
Gly ;%s ASn Asn

::c ;;c ;%c :gc
n Tyr Ile

280 g
LIC cac acg
phe His Thr Arg
tac tgg

31

ctg cgc
Leu Arg

aag ccc
Lys Pro
285

cgt tic

Phe g?g
300

aac tac
Asn Tyr

Page 23

C tac cC
£y v &b

cac TC
His E:g Phe

€CC gge tac
Pro Gly Tyr

agc acc
53 ser Thr

320

240

288

336

384
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480

528
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720

768

816

864

912



Modified Cry3A Toxins.ST25

I 565 570 575

]

; gt? 4CC ggc ctg agc gcc ggc gac aag gtg fac atc gac aag atc 1776
y val Thr G g Leu ser Ala Gly Asg Lys val Tyr Ile Ass Lys Ile

! 58 58 59

gag ttc atc ¢cc gtg aac tag atc tga gct ¢ 1807

G'Ig Phe Ile Pro 3: Asn 9 Xle g 213

| 595 600

%:21(» 9

<211> 598

«212> PRT

4213:- Artificial Sequence

!<220>

a.FZb misc_feature
222> (322)..(333)
HZB:- Cthepsin G recognition site coding sequence.

. o> 9
!

ﬂﬂ Thr Ala Asp gsn Asn Thr Glu Ala lisu Asp Ser Ser Thr Er Lys

| |
ﬁ\sp val Ile g}n Lys Gly Ile Ser \212.1 val Gly Asp Leu ;su Gly val

0
$}aval Gly Phe Pro Phe Gly Gly Ala Leu val Ser Phe Tyr Thr Asn Phe
a y 35 y o 40 H
p
Leu Jsxan Thr Ile Trp Pro ggr Glu Asp Pro Trp Iéxs Ala Phe Met Glu
Gln val Glu Ala Leu Met Asp GIn Lys Ile Ala As r Ala Lys Asn
65 70 P Y 75 PTY y 80
'Lys Ala Leu Ala Glu Leu GIn Gly Leu G1n Asn Asn val Glu Asp Tyr
85 90 95
#-' val Ser Ala Leu Ser Ser Trp GIn Lys Asn Pro Ala Ala Pro Phe Arg
100 P 155 110

Asn Pro His Ser GIn Gly Arg Ile Arg Glu Leu Phe Ser Gin Ala Glu
15 120 125

Page 25



Thr Asp Glu Ala Ser Thr GIln Thr Tyr Asp Ser Lys
85 P 390 P 395
la val ser Trp Asg Ser Ile Asp Gln Leu Pro Pro
'l 40 410
|é1u Pro Leu Glu Lys Gl r ser His GIn Leu Asn
420 ¥ y 425
I he Leu Met GIn Gly Ser Arg G'I‘ Thr Ile Pro val
435 44
His Lzs Ser val Asp Phe Phe Asn Met Ile Asp Ser
450 455 460
n Leu Pro Leu val Lys Ala Tyr Lys Leu GIn Ser
465 '4-¥0 Tyr Lys 475
. tQIVa'I Ala Gly Pro Arg phe Thr Gly Gly Asp Ile Ile
W y Fro 488 y ¢y 235

u n Gly Ser Ala Ala Thr Ile Tyr val Thr Pro Asp
,"'-1'-” y 500 d 505

Gln Lys ';!E Arg Ala Arg Ile ;I;(s) Tyr Ala Ser Thr

e Thr Leu Ser Leu Asp G'I! Ala Pro Phe Asn GIn
53 540

s Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn
%5 i fae 545
Ala ser phe Ser Thr Pro pPhe Glu Leu Ser Gly Asn

565 570
Gly val Thr Gly Leu Ser Ala Gly As s Val Tyr
58‘ y SBE a R

Glu Phe Ile Pro val Asn
595

<210> 10
<211> 1818
<212> DNA

Page 27

modified CrydA Toxins.ST25

Arg Asn val Gl
9 sob
Glu Thr Thr Asp
415
r val Met Cys
hd 430 o
Leu Thr Trp Thr
445 P
Lys Lys Ile Thr
Gly Ala Ser val
480
GIn Cys Thr Glu
d 495
val Ser Tyr Ser
510 4
Ser GIn Xle Thr
525
Tyr Tyr Phe Asp
Ser Phe Asn Leu
560
Asn Leu Gln Ile
575

Ile Asp Lys Ile
530



<220>
<221> (@S

<213> Artificial Sequence

<222> (1)..(1818)
<223> Malze optimized modified cry3a085 coding sequence.

<220>

<221> misc_feature
5222> (346)..(357)

<223> Cathepsin G recognition site coding sequence.

2

10
aac tac
Asn Tyr

0

i

by ¥

ctg gac
Leu Asp

gt Q?C
val Gly
35

tg g‘l:? agc
val Se
50

[N q]

=ub

59

C ccc tgg
p Pro Trp

|aag atc gec
Lys Ile Ala

ctc cag aac
Leu GIn Asn

aag aac ccc

- _ Lys Asn Pro
e 1

Cgc gag c<tg
Arg Glu Leu
130

agec ttc gec
Ser Phe Ala

4ag g9ag
Lys g.ha

agc agc

ser Ser Th
20

gac ctg
ASp Leu

tTrC tac

r Phe Tyr

aag gecc

Lys Ala Ph

gac tac

ASp I!r
i

ct gca
RTa g'la

ttc agc
Phe Ser

atc agc
Ile Ser

gCC aag aac aag
Ala Lys Asn

ccg ttc cge

10

aag gac gtg atc
ﬁp val Ile

Val &y phe

ctg aac acc
Leu Asn Thr

cag gtg gag
Gln val Glu

75
gca ctg

Lys Ala Leu
90

agc gcc
ser Ala

aac ccc cac
Pro phe Ara Asn Pro His
12

cig gcc ga c cac ttc
G'Ig 21: (g;'lg gr His Phe

c tac gag gtg ctg ttc
y Tyr Glu val Leu Phe

Modified Cry3Aa Toxins.ST25

atg acc gCC gac aac aac acc gag
Met Thr Ala

Asp Asn Asn Thr Glu
15

cag aag ggc atc agc
Gln Lys goy Ile Ser

cce ttc gge ggc gcc
Pro:ls'leGyGyA'la

atc CCcC ago
ge %’.-3 Pro sgr gg

gcc ctg atg gac 'cag
Ala Leu Met Asp g{l’n

cc cta ca c
ghgﬁ Leu g}ggy

ctg agc agc tgg cag
Leu ;gr % Trp GIn

C C ¢ CgC atc
ggr(l;ign y:'rgﬂe

C€gC aac agc atg ccc
A:s ASn Ser Met Pro
p !

ctg acc acc tac gcc
Leu Thr Yhr Tyr Ala

Page 28
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1?5
Cag gcc gcc
G1|91 21: 21;

‘gﬁa gag gag
y 6lu Glu

€gc cag ctg
Arg GIn ielsl

tac :ac et
r Asn Va
R4 210

aac ttc
\gl:? Asn Phe
225

ctg atc gcc
uf.eu Ile Ala

bk
-l .aac aac

’ #:?Asngg
[

s Tac ﬁc :gc
r Ile Ar
gﬂr 289 ]

lkac ac t
aHis Th?' :gg

0105

F‘tgg agc ggc
Trp Ser Gly

arc atc acc
Ile Ile Thr

aac ctt gag
Asn Leu Glu
355

. aac ctg gcc
“3pr Asn Lew ATa
370
ttc agc
214 phe Ser
385

tac gac agc

0
et 2 e &

modified cr{BA
150 55

daC acc cac ctg ttc ctg ctg aag
Asn Thr #is Leu Phe Leu Leu LyS
165 170

tgg ggc tac gag aag gag gac atc
'{; Gly Tyr Glu Lys ﬂg Asp Ile

aag ctg acc cag gag tac acc gac
Lys Leu Thr G'Ig (zi'!.g Tyr Thr Asp

g?t Cta gac aag ctc cgc ggc age
Gly Leu Asp lz'ﬁ Leu Arg Gly Ser

:sac :gc tac cgc :gc g%g atg %c':'c
n Arg Tyr Arg Arg Glu Met Thr
;!0 235

ctg ttc ccc ctg tac gac gt? cgc
Leu ;!E Pro Leu Tyr Asp ‘2'?0 Arg

gag ctg acc cgc gac gtg ctg acc
u Leu Thr Arg Asp Val Leu Thr
260 265

ctg cgc g?c tac ggc acc acc ttc
Leu Arg Gly Tyr tz;as Thr Thr pPhe

aag CCC Cac ctg ttc gac tac ctg
Lys Pro His lz'glsl Phe Asp Tyr Leu

;ﬁcgggccgctactacgc::c
e GIn Pro r Tyr n
310 y 7315

aac tac gtg agc acc ¢gc ccc age
Asn T!r val Ser Thr Arg Pro Ser
325 330

agc c€cc TIC tac ggc aac aag age
Ser Pro Phe Tyr Gly Asn Lys Ser
340 345

ttc aac g?c gag aag gt? tac cgc
phe Asn Gly Glu la.g va

gt? t0n CCC tct geca gt? tac agc
val Trp Pro gg; Ala va) Tyr Ser

€ag tac aac gac cag acc gac gag
GIn Tyr 3’93 Asp GIn Thr Asp g;l.sl

aag cgc aac gtg ggc gcc gtg age
Page

Tyr Arg Ala

Toxins.ST25

gac gee caa atc tac
Asp Ala GIn EE TYr

gcc ttc tac aag
Ala %.'113 :gs Tyr Lys

cac tgc gtg aag tgg
His (%s val Lys Trp
205

agc tac gag agc tgg
?2!5 Tyr Glu Ser Trp

ctg acc gtg ctg gac
Leu Thr val Leu ‘2\545

ctg tac ccc aag gag
Ley Tyr Pro Iz'{?; Glu

ac ccc atec g c
sAlsp Pro 5}8 vﬁ (';?y

agc aac atc gag aac
ser gg Ile Glu Asn

cac cgc atc cag ttc
Islilxs) :grg Ile GIn phe

gac agc ttc aac tac
ASp Ser Phe Asn T!r
320

atc g?c agc aac gac
Ile Gly Ser ;.;-r; AsSp

[ ccc gt

sor A0 pro va
350

cC ct aac acc

; glt%z g‘la Asn Thr

ey Vaf e 1ys G
38

cin

gcC agc acc cag acc
Ala Ser Thr GIn 11‘03

tgg gac agc atc gac
29

528

576

624

672

720

768

816

864

912

1056

1152

1200

1248



ca
cin

cac
His

acc
Thre

atg
465

pctg
:}gu
| =

ctyg
Leu

gac
Asp

Asp Ser Lys Ar
aof

ctg ccc ccc gag
Leu Pro Pro Glu
420

€dg Cctg aac tac
GIN Leu Asn Tyr
435

atc ccc gt? ctg
Ile Pro val Leu
450

atc gac agc a
Ile Asp Ser Lﬁ

CtC Cag agec gge
Leu GIn Ser G g
48

ac atc atc ¢
Rsp Ile Ile G%g
500

aCC CCC gac gt
Thr Pro Asp va
515

gecc agc acc agc
Ala Ser Thr Ser
530

ttc aac caa tac
phe Asn GIn Tyr

acc tac aac agc
Thr Tyr Asn ggg

agc ggc aac aac
Ser Gly Asn Asn
580

d4ag gtg tac atc
Lys ‘5’35 Tyr Ile

<21 11

. Qi
PR

<213>

<220>

Asn

acc
Thr

gt
va

acc
Thr

Lys
i
gcc
Ala

tgc
Cys

agc
Ser

cag
Glin

taﬁ
50

ttc
Phe

Ctc
Leu

gac
Asp

Modified Cry3A Toxins.ST25
val Gly Ala val Ser Trp Asp Ser Ile Asp
410 415

acc gac gag

Thr

ccc
Asp Glu Pro
425

ct aag ggc tac agc
Leg gillg Lys %gz Tyr ser

ser Arg G

atg tgc ttc ctg atg cag g?c agc cgc g?c
y
44

Met Cys Phe Leu Met GIn G
440

1gg AcC CAC aag agc gtc gac ttc ttc aac

4S8

atc
Ile

agc
ser

acc
Thr

tac
TYyr

atc
Ile
535

ttc
Phe

Thr His Lys

ace cag
Thr GIn Leu

91:1 gtg gca
val val Ala
490

gag aac Q?C
Glu Asn Gly
505

dagc cag aag
ser GIn Lys
520

acc ttc acc
Thr phe Thr

c acc
g:p :;g Thr

aac ctg gcc agc
Asn Leu Ala Ser Phe ser Thr Pro Phe Glu

ca
éin

aag
Lys

Artificial Sequence

570

1 g &
58!

t tt
Tie Gl Phe
600

ser val Asp Phe Phe Asn
460

ctyg ccc ctg gt? aag gcc tac

Pro Leu Val Lys Ala Tyr
2 o

C CCC €fC ttc acc
g?y Pro Arg Phe 11;; gﬁ

agc gcec gec acc atc tac
Ser Ala Ala ';hla Ile Tyr

tac C€gc gCc C€ge atc cac
Tyr Arg Js\'g Arg Ile His

ctg agc ctg gac gee

Leu Ser Leu Asp Gly Ala
540

atc aac aag ggc gac acc

Ile Asn Lys Gly Asp Thr

555 560

ttc agc acc cct ttc gag

575

acc ggc ctg agc gcc ggc
Thr g?y Leu g;s Ala gy

atc ccc gt:? aac
Ile Pro \6'35 Asn
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«221>
<222>
<223>
<400>

Modified Cry3Aa Toxins.sr25

misc_feature

(346)..(357)

Cathepsin G recognition site
11

!et ASnh Tyr Lys ts;'lu Phe Leu Arg Met

Ala Leu Asp 'ggr Ser Thr Thr Lys Asp

25

val val Gly Asp Leu Leu Gly val val
35 40

Leu val Ser phe Tyr Thr egn Phe Leu

STEDS

50

p Pro Trp Lys Ala ;Iae Met Glu GIn

.. & ys Ile Ala Asp Tyr Ala Lys Asn Lys
.a-!. Py y
B

v Leu GIn Asn iss val Glu Asp Tyr val

105

Wiys Asn Pro Ala Ala Pro Phe Arg Asn
had . s 128

=)

l""Arg Glu Leu Phe Ser Gln Ala Glu Ser
130 135

Ser Phe Ala Ile Ser G‘Is Tyr Glu val
145 15

GIn Ala Ala Asn 1161; His Leu Phe Leu

Gly Glu Glu '{EB Gly Tyr Glu Lys Glu

185

Arg GIn Leu Lys Leu Thr GIn Glu Tyr
g 195 Y zoow

Tyr Asn val Gly Leu Asp Lys teu A
210 y pZ{S 9

coding sequence.

Thr Ala Asp asn Asn Thr Glu

10 15

val Ile GIn Lys (B%y Ile Ser

Gly Phe Pro :l;e Gly Gly Ala

Asn Thr al,e Trp Pro Ser Glu

val Glu Ala Leu Met Asp GIn
75 80

Ala Leu Ala Glu Leu GIn Gly

90 95

ser Ala Leu Ser Ser Trp GIn

110
Pro His Ser Gln Gly Arg Ile
125
His phe Ars ASn Ser Met Pro
14

Leu phe Leu Thr Thr Tyr Ala
155 160

Leu Lys Asp Ala GIn Ile Tyr

170 175

Asp Ile Ala Glu Phe Tyr Lys

P 06 Y

Thr Asp His %g val Lys Trp

Gly Ser g% Tyr Glu S5er Trp
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val
225

Leu

val

His

pa,
3 &

¥
m~

——d

Eﬂ TE 80 'ETE.-'

-]
we

g

Met

Modified Cry3dA Toxins.ST25

Asn Phe Asn Arg ‘gs Arg Arg Glu Met '{I;; Leu Thr val Leu 328

Ile Ala Leu Phe Pro Leu Tyr Asp val Arg Leu Tyr Pro Lys Glu
245 R P 250 g v 2!5

Lys Thr Glu Leu Thr Arg Asp val Leu Thr Asp Pro Ile val Gl
ys ThT 260 r9 AP o8s P 270 y

Asn Asn Leu Arg Gly Tyr 615 Thr Thr Phe Ser Asn Ile Glu Asn
275 28 285

Ile Arg Lys Pro His Leu Fhe As r Leu His Arg Ile GIn Phe
290 295 P 300

Thr Arg Phe Gln Pro Gl r Tyr Gly Asn Asp Ser Phe Asn Tyr
g A4 y Tyr Ty y p 30

315

Ser Gly Asn BE val Ser Thr Arg Pro Ser Ile Gly Ser ﬁ's‘ ASp

330

Ile Thr Ser Pro Phe Tyr Gly Asn Lys Ser Ser Glu Pro val GIn
340 345 350

Leu

Leu
370

Asp
Leu
GIn
Ile

450

Ila

Lau ASh Tyr val Met Phe Le
s &4

Glu phe Asn Gly Glu Lys val Tyr Arg Ala val Ala Asn Thr
355 360 365
Ala val Trp Pro Ser Ala val Tyr Ser Gly val Thr val
P 375 b4 38‘ Lys
Ser GIn Tyr Asn Asp GIn Thr Asp Glu Ala Ser Thr Gln Thr
390 395 400
Ser Lys Arg Asn val Gly Ala val Ser Trp Asp Ser Ile As
Y 40'-? y 4 P ASP 415 g

Pro Pro Glu Thr Thr Asp Glu Pro Leu GTu Lys G1 r ser
420 P 425 ys 43‘ b

Met GIn Gly Ser Arg Gl
44! 9ely

Pro val Leu Thr Tr'g Thr His Lys Ser val Asp phe Phe Asn
45 460

Asp Ser Lys Lys Ile Thr 6€1n Leu Pro Leu Val Lys Ala Tyr
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modified Cry3A Toxins.sST25
465 470 475 480

Lys Leu GIn Ser Gly Ala Ser val val Ala Gly Pro Arg Phe Thr Gly
Y 43§ 490 y 9 495

Gly Asp Xle Ile GIn Cys Thr Glu Asn Gly Ser Ala Ala Thr Ile Tyr
y AsP 500 d 505 y 510 4

val Thr Pro Asp val Ser Tyr Ser GIn Lys Tyr Arg Ala Arg Ile His

515 P R4 520 ys Tyr Arg 525 9
Tyr Ala Ser Thr Ser GIn Ile Thr Phe Thr Leu Ser Leu Asp Gly Ala
530 535 540
Pro Phe Asn GIn Tyr Tyr Phe Asp Lys Thr Ile Asn Lys Gly Asp Thr
545 A P Lys TAM 5g5 50 1¥S OV 7P &

g.eu Thr Tyr Asn Ser Phe Asn Leu Ala Ser Phe Ser Thr Pro Phe Glu
W 565 570 575

B
eu Ser Gly Asn Asn Leu GIn Ile Gly val Thr Gly Leu Ser Ala Gl
ﬂi‘ s y 580 53¥ y 590 y
" s val Tyr Ile As - Lys Ile Glu Phe Ile Pro val Asn
HhsP Ly 595 b4 pLy 600 605

O

(210> 12

H:zu;» 1794

k212> DNA

Fd].b Artificial sequence

<220>»

<221> D5

<222> (1)..(1794)

<223> Maize optimized modified cry3A082 coding sequence.

-J.-rf<220>
«<221> wmisc_feature
<222> (1609)..(1620)
<223> cathepsin G recognition site coding sequence
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<400> 12

atg acg
:et Thr

gac gt?
Asp Va

vt &

ctg aac
Leu Asn
50

cag
GIn
65

mys Afa
i

kcc cac
ro His

agc
Ser

[ ]
c TIC
EE?S Phe Pt

130
W g ttc
eu Phe
AS

b

ctg aag
Leu Lys

gac atc
Asp Ile

acc gac
Thr Asp

~4iir-ggc agc
+ Gly ser

210

atg acc
Met Thr
225

& &

gcc gac aac
Ala Asp gsn

atc

cag aag
Ile

Gln Lys
20 4

ttc ccc tte
phe Pro Phe
35

atc tgg

acc
Thr Ile Trp

gee ctg

Glu Ala Leu

ctg gcc gag
Leu Ala g}u

gce ctg age
Ala Leu Ser
100

&

C aac agc
Arg Asn Ser

agc cag
ser GIn
115

ctg acc
teu Thr

ace
Thr

gac gcc
Asp Ala

caa
Gin
165

ttc

cC
gcc g3g he

Ala Glu
180

cac tgc gt?
His
os Cys

agc tac
ser Tyr

acc
Let Thr va

Modified Cry3a

25

c gce ctg
Gly Ala Leu
40

CCC agc gag gac
Pro ggr Glu Asp

atg
Met
70

cta
Les GIn Gly

gac
Asp

28
o
[a]

agc
ser

cgc
Arg

atg
Met

tac gec cag goc
I!B Ala GIn Ala

atc tac gga gag
Ile Tyr Gly Glu

tac aag cgc cag
Tyr LysS Arg g}g

daag tgg tac aac

agc tgg gtg aac
ser Trp val Asn
215

ctg gac ctg atc
Leu Asp Leu Ile
230

acc cC ctg gac
Thr %%3 g]a ;53 gsp

Tie ser val val dly
%1 i

ccc tgo
Pro Trp

cag aag atc gcc
GIn Lys Ile Ala

TC cag aac
eu GIn Asn
S0

aac ccc
AsSn Pro

ctg ttc
Leu Phe

gce atc age
Ala Ile

gee aac
Ala Asn Thr
155

agc agc
sSer Ser

gac ctg
Asp Leu

gc tac
e Tyr
I!.

aag gec
szs Ala
gac tac

Asp Tyr
75

aac gt
Asn Va

gtc

tcg
val

Ser

agc

cag
Ser GlIn

125
&

cac
His

ser
140

acc

B 18 o &t
u ir r
170 e

Ctg aag ctg acc
Leu Lys Leu Thr

Lys Trp ;xa Asn 3t?

cta gac
Leu ASE
20

&

tﬁc aac :gc :;c
Phe Asn Ar r
228

gce ctg ttc ccc

Ala Leu Phe Pro Leu

233
Page 34

Toxins.5T25

[lde

acc aag
Thr

Igr Lys
&y

aac ttc
Asn Phe

ctg
Leu
30

acc
Thr

ttc

atg gag
Phe

Met Glu

gce

aag aac
Ala

Lys Asn
80

gac tat
Asp Tyr
95

cgc
Arg

au

agc
ser
110

aac
AsSn

gcc gag agc
Ala Glu ser

tac ga 't
Tyr Qi Va

ctg ttc

ctg
Leu Phe

Leu
160

gagq aaf gag
Glu Lys Glu

175
cag gag tac
GIn Glu Tyr
190

aag ctc cgc
Lys Leu Arg

cgc cgc gag
Arg Arg Glu

ctg tac g:c
r
Ty 248

48

144

192

240

288

384

432

480

528

576

624

672

720

e



gt
va

ctg
Leu

4CC tTC agC aac atc gag aac tac arc cgc aag ccc
Thr Phe ;?E Asn Ile Glu Asn '5!5 Ile Arg Lys Pro

tac ctg cac cgc atc cag ttc Cac acg cgt tic cag
Tyr Iz.gg His Arg Ile GlIn IZ'I;E Kis Thr Arg Phe (3;'!.3

<k

ccc
Pro

ctg

aag agc gtc gac tic TTC aac atg

Lys

ctg
Leu
465

a
Aia

c gcc
! Elgg 21a 33 Ala Asn Thr Asn
355 360

Mmodified Cry3Aa Toxins.ST25

€gc ctg tac ccc aag gag gt?
Arg Leu Tyr ;‘l;g Lys Glu va

dcc gac ccc atc gt c gt
Thr Asp ;& Ile VJ lg;? v

aac gac agc ttc aac tac tgg age

Asn Asp Ser Phe ﬁs Tyr Trp Ser Gly Asn Tyr V

agc atc ggc agc aac gac atc

Ser Ile Gly ggrs- Asn Asp Ile XIle

agc agc gag ccc gt

aac
Ser Ser Glu Pro va i
340

GIn Asn
345

gct aac acc aac

acc
Thr :;g s:
375

dgc ggc a
sec &ty ¢ &

370 -

2%9 gcc age
u Ala Ser

cC

agc tgg

a
Th

gac ag
Ser Trp Asp sSa

i B
2

ct € tac agc cac
CEE 9 12 O e 2k

cag ggc age ¢ge
G}EGyserArg

425

a
& y Thr
440

ser val Asp Phe Phe Asn Met
" 450 455

cce ctg gt? aag gce tac aag
Pro Leu val Lys :‘_}3 Tyr Lys

ggc €Cc €ge tre acc

cqg
485

c

atc acc agc
Thr
330

Cctt gag
Leu Glu

ctg gcc
Leu Ala

ttc agc
Phe Ser

cag tac gac agc
r g;g Thr Tyr Asp ser

ctg cce
Leu Pro

410
cag ctg
Gln Leu

C acc atc ccc
Ile Pro

atc gac ag
Ile Asp

ctc cag
Leu GIn

C gac atc
G?y Pro Arg phe Thr ‘gﬂy G?y 2sap ﬂa

aag acc gag ctg acc cgc gac gt
Lys Thr Glu Leu Thr Arg Asg
250 25

aac aac ctg cgc
y val Asn Asn LeuArgGy;%GyThr

Val

C tac ggc acc

cac ctg ttc gac
His Leu Phe Asp
285

CCcC C tac tac
Pro Gly Tyr Tyr

dac agc acc cge

tac gt
aq ser Thr glz-a

315

ser

ccc ttc tac 91c aac
Pro Phe Tyr ‘3;3 Asn

ttc aac
Phe As

ggc gag aag gt
G?; 5;153 Lys val

tpgg ccc tct
sta? Tl“'g Pro Ser 2‘1:: 33
365
acc

cag tac aac gac
G’Ig ;‘EASH Esp Gc%g Thr

2 A9 asn Taf Sy A1

400
ccc acc acc gac
e B8 15 2 5 o

aac tac gtg atg tgc ttc
Asn Tyr va 14113!5 Cys Phe

ctg acc acc cac
SH Lg 1'2; 'tr?-g Thr His

atc acc cag

[
ser ;.E :;sg Ile Thr GIn

gt

agc g?c gece age gt
G va
480

Ser Gly Ala Ser Va
475

arc tgc acc aac
Ile gﬁ cgs Thr %1:; Asn
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Mmodified Cry3A Toxins.ST25

g?c agC gre gec acc atc tac gt? acc ccc pac grg agc tac agc cag
y Ser Ala 15«33 Thr ITe Tyr va "Is'lals- Pro Asp val ser ! r ser Gin

tac CgC gec cgc atC cac tac goe age acc age cag atc acc trc
aL;g Tyr g?g 21: ﬁgg Ile His ';!5 g1a _:.2.- Thr ;gr ‘S;ig Ile Thr phe

acc ct 4 cC ccc gct gca ccg tic tac ttc gac
Thr Is.§§ ggr f:g 2:; 2?3 E}; Pro gh 21: Pl'g l;h48 Tyr phe gp :;g

_?_ﬁc arc aac aag ggc ga ctg acc tac aac agc ttc aac ctg gcc

€ acc
r Ile Asn Lys Gly Asg Thr teu Thr Tyr Asn Ser Phe Asn Leu Ala
545 55 555 560

C ttc agc acc cct tte C ggc aac aac ctc cag atc ggc

asgr Phe Ser Thr pPro Phe g%g fﬁﬂ ggr g? ASn Asn Leu G12 Ile g?y
565 57 575

gtg acc ggc Ctg agc gcocc ggc gac aag gtg tac atc gac aag atc gag
val Thr Gly Leu Ser Ala G?y Asp L‘s val Tyr Ile Asp L;a Ile Glu

m 580 585 5

C arc ccc gtg aac tag

e Ile !s'rg'g val Asn

o)
m .
. N
.#:ub 13
H<21l> 597
"<212> PRT

. (k213> Artificial Sequence

W
ok

B220>
<221> misc_feature
<222> (1609)..(1620)
<223> Cathepsin G recognition site coding sequence
<400> 13

Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15
Asp val Ile %n Lys Gly 1Ile Ser \zlg'l val Gly Asp Leu soeu Gly val

val Gly Phe Pro Phe Gly Gly Ala Leu val Ser Phe T!r Thr Asn Phe
35 40 4

Leu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala phe Met Glu
Page 36
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50

GIn
65

val Glu Ala Leu l;st Asp GIn Lys Ile

Ala Leu Ala Glu

Lys
Y 85

Leu GIn Gly Leu Gln
90

val Ser Ala Leu Ser Ser Trp GIn liss Asn
100 5

Pro His Ser Gin Gly arg Ile Arg Gluv Leu
115 y ATS 12"8

His Phe Arg Asn Ser Met Pro Ser Phe Ala
130 135

g'l.e‘g Phe Leu Thr Thr Rs Ala GIn Ala Ala
L
Hieu
th

Lys Asp Ala g}g Ile Tyr Gly Glu Gl

u
i70

-

B

7

Ile Ala Glv Phe Tyr Lys Arg Gln Leu
180 Tyr Ly e 185

Asp His Cys val Lys r Asn val
Pmsq ymgo

E

Ser Ser Tyr Glu

R
i)
b

' Met Thr Leu Thr val
225

Ser Trg val Asn phe
21

Leu ASp Leu Ile Ala

230

val Arg Leu Tyr Pro Lys Glu val Lys Thr
9 Ty245y yZSO

Leu Thr Asp Pro Ile val Gly val Asn Asn
. 260 265

Thr

P'he Ser Asn Ile Glu Asn
275

! r Ile Arg

Tyr Leu His Arg Ile GIn Phe His Thr Ar
290 9 295 g

Modified Cry3a ng'ins .ST25

Ala Asp Tyr Ala Lys Asn
75 80
Asn Asn val Glu sgp Tyr
Pro val Ser Ser Arg Asn
110
phe Ser Gln Ala Glu Ser
125
Ile Sser Gly Tyr Glu val
140 y
Asn Thr His Leu Phe Leu
155 160
Trp G1 r Glu Lys Glu
rp Gly Ty 1};5
Lys Leu Thr Gln Glu Tyr
ys So0 TY
Gly Leu ASp LyS Leu A
y zog y rq
ASn Arg Tyr Arg Arg Glu
223 ik
Leu Phe Pro Leu Tyr As
235 R4 248
Glu Leu Thr Arg Asp val
e 258
Leu Arg Gl r Gly Thr
rg Gly ;;0 y
Lys Pro Kis Leu Phe Asp
y 285

pPhe GIn Pro Gly Tyr Tyr
300

rage 37



Gly Asn Asp S h Ty de;ﬁeg]cw.u Toxics_is-rzs e A
n Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr Val Ser Thr Ar
308 310 g 315 328

Pro Ser Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr G'I¥ Asn
325 330 33

Lys Ser Ser Glu Pro Val GIn Asn Leu Glu Phe Asn Gly Glu Lys val
340 345 350

Tyr Arg Ala val Ala Asn Thr Asn Leu Ala val Trp Pro Ser Ala val
355 360 365
r Ser Gly val Thr Lys val Glu Phe Ser GIn Tyr Asn Asp GIn Thr
R4 370 y y s ;zo P
Asp Glu Ala Ser Thr GIn Thr Tyr Asp Ser Lys Arg Asn val Gly Ala
33? 390 3;5 9 400

Va1 ser Trp Asp Ser Ile Asp GIn Leu Pro Pro Glu Thr Thr Asg Glu
(=} 405 410 41
W

rp Leu Glu Lys G1 r Ser His GIn Leu Asn Tyr val Met Phe
i \ . 4!3 y Ty 425 b 430 s

[N

rq.eu Met GIn Gly Ser Arg Gly Thr Ile Pro val Leu Thr Trp Thr His
ba 435 Y 440 445

b
ys Ser val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr Gln
E 450 . 455 P 4‘3,

e
ey Pro Leu val Lys Ala Tyr Lys Leu Gln Ser Gly Ala Ser val val
84-65 ys 470 e tys 475 480

Ala Gly Pra Arg Phe Thr Gly Gly Asp Ile Ile GIn Cys Thr Glu Asn
y re 485 y cly Asp 490 i 495
Gly Ser Ala Ala Thr ITe Tyr val Thr Pro Asp val Ser Tyr Ser Gin
500 505 5
Lys Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser GIn 1Ile Thr phe
¥ ;ii! 9 Bo 525
plhly-

Thr Le;l Ser Leu Asp Gly Ala Pro Ala Ala Pro Phe Tyr Phe AsSp Lys
530 oty 535 540“’ pLy

Thr Ile Asn Lys Gly Ass Thr Leu Thr Tyr Asn Ser Phe Asn Leu Ala
545 55 555 560
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Modified Cry3a Toxins.sT25
Ser phe Ser Thr Pro Phe Glu Leu Ser 615 Asn Asn Leu Gin Ile Gly
565 57 575

val Thr Gly Leu Ser Ala Gly Asp Lgs val Tyr Ile Asp Lys Ile Glu
580 585 3
phe Ile Pro val Asn
595
<210> 14
<211> 1816

<212> DNA
<213> Artificial sequence

k221> s
pc222>  (1)..(1812)

*I@b Maize optimized modified cry3ADS8 coding sequence.
,

{Oc221> misc_feature
wcnb (1621)..(1632)
<223> cathepsin G recognition site coding sequence

<400> 14

atg acg gGe gac aac aac acc CC Ctg gaC agc agc acc acc aag
!eg Th?- 21: gsp gsn Asn Thr 2’1’3 gh Il.Bu Asp sgr ser Thr Er Lys

ac gtg atc c atc agc gtg gt C gac ctg ctg ggc gt
Rspi';a :1e§iﬁf§22y:1e§r§; Sa?g?ygspmula.sucy\raq

gt C ttc ccc ttc ggc gge gecc ctg agc ttc tac acc aac ttc
va g?y ;!ge Pro Phe G?y G?y :a:. Leu 3:? Ser Phe I!r Thr Asn Phe

ctg aac acc atc tgg Ccc age gag gac ccc tgg aag gec TIC atg gag
.Leu gsn Thr Ile Trp Pro gcs:r GlUu Asp Pro Trp Lys Ala Phe Met Glu

cag gt? gag gcc Ctg atg gac cag aag atc Qcc gac tac gcc aag aac
21511 val Glu Ala Leu ;st Asp GIn Lys Ile ?}a Asp Tyr Ala Lys esbn

Page 39
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aag gca ctg gcc
Lys Ala Leu Ala

gtg agc gcc ctyg
val ser Ala Leu
100

CCC cac agc cag
Pro His ser Gln
115

cac ttc ¢gc aac
His Phe Arg Asn
130

ctg ttc ctg acc
Leu Phe Leu Thr

ctg ang gac geo
Leu Lys Asp Ala

Chac atc gce gag
Wase Ile Ala ﬂ g

.#g’ggac%ctgc
-  Asp His Cys
. P gsq

Mo

!"‘gcgc;gctac
r ser Tyr

: y210 R4

.&:g acc ctg acc
Thr Leu Thr

‘et

(4225

Eet? cgc ctg tac
al Arg Leu Tyr

ctg acc gac ccc
Leu Thr Asp Pro
260

acc ttc agc aac
Thr phe g;.; ASh

Tt;c ctg ﬁ?c cgc
T Lel His Arg
290 |

C aac- gac agc
G ! AsSn Asp Ser
30

€Ccc agc atc g?c
Pro Ser Ile Gly

Mmodified Cry3A Toxins.S125

gag cta cag g?c ctC cag aac aac gt? gag gac tat
g}u Leu GIn Gly Leu g;l'n Asn Asn vVal Glu ggp TYr

agc agc tgg cag aag aac ccc gtc tcg agc cgc aac
ser Ser Trp Gln ;.5? Asn Pro val Ser S£5 Arg Asn

c cgc atc cgc gag ctg ttc agc cag gcc gag age
g?y Arg Ile ﬁg G’Ig Leu Phe Ser ﬂg Ala Glu Ser

agc atg ccc agc ttc gec atc ago g?c tac gag gt?

ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu va
135 140

acc tac gec CC gCC aac acc cac ctg ttc ¢

Thr T 5 211 Gc%g gh 21a ggg Thr His ng Phe Iigl}

€aa atc tac g?a gag gag tgg g?c tac gag aag gag
g}g Ile Tyr Gly Glu t{;g Trp Gly Tyr Glu li;? Glu

ttc tac aag cgc cag ctg aag ctg acc cag gag tac
Phe Tyr Lys Arg ﬂrsn Leu Lys Leu Thr g;a Glu Tyr

gt? 339 t0g tac aac gt? cta gac aag ctc cge
val Lys Trp % Asn val Gly Leu a‘sjg Lys Leu Arg

gag agc tgg gt? aac ttc aac cgc tac cgc cgc gag
Glu Ser Hg val Asn Phe Asn %lz-g Tyr Arg Arg Glu

gtg ctg pgac ctg atc gcc ctg tic €cc ctg tac gac
val Leu Asp Leu ITe Ala Leu Phe Pro Leu Tyr Asg
230 235 24

c€cc aag gag gt? aag acc gag ctg acc €gc gac gt?
;:‘5’ Lys Glu val Lys }1;5 Glu Leu Thr Arg ggg va

atc gt g?cgt aac aaC ctg cgc ggc tac gge acc
Ile val Gly va ;.EgAsnLeuArgGyzEGyThr

atc gag aac tac atc cgc aag ccc cac ctg ttc gac
Ile Glu Asn T r Ile Arg Lys Pro lﬂg Leu Phe Asp

atc cag ttc cac acg cgt ttc cag ccc ggc tac tac
Ile GIn ;gg His Thr Arg Phe tai'!.g Pro Gly Tyr Tyr

Ttc aac tac tgg agc ggc aac tac gtg agc acc cge
Phe Asn Tyr Trp Ser GIy Asn Tyr val Ser Thr Ar's
310 315 32

A9C aac pac atc atc acc agc ccc ttc tac ggc aac
ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr Gly Asn
Page 40
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325

Modified Cry3A Toxins.ST25
330

aag agc agc gag cc gt cag aac

LysS

tac
Tyr

tac
Tyr

gac

ser ser §1

€gc gcc gct
Arg A'Ia 33 Ala

age ggc acc
ser Gly ea Thr
370

gag gcc agc acc cag

GIn Asn

2aC acc aac
Asn Thr Asn
360

Lys i &t

375
acc tac

g Glu Ala Ser Thr Gln Thr Tyr

Wl
~d
HI‘O
9

-1

e o2

agc tgg gac aac
Ser Trp As

el &5 12 Sy 1y
420

atg cag ggc agc
u Met G;lsl Gly Ser

agc gtc gac tt
ser val Asp Ph
450

ccc ctg gtg aag
Pro Leu Val Lys

g € ccc cge tﬁc
Y Pro Arg Phe
485

age gec gec acc
ser Ala A%s Thr

aag tac cgc gcc cge

Lys

ace
Thr
tac
545

ttc
Phe

Tyr Ar? Ala Arg

ctg agc ctg gac
Leu Ser Leu Asp
530

ttC gac aag acc

r Phe Asp Lys Thr

asc ctg gcc age
Asn Leu Ala ser
565

cag atc ggc gtg

€ gac
e Asp GIn

ctt

gag ttc aac ggc

335
gag aag gt?

Leu Glu Phe Asn Gly G]u Lys Va

345

ctg
Leu

ttc
phe

gac
Asp

cag ctg

Leu

C agc cac cag

r Ser His

cge g?c ac
Arg Gly Thr

rg Gly 440
€ ttc aac atg

Phe Asn Met
455

g%c tac tag
a Tyr Lys
470 o by

e 88 9%

atc tac gt
Ile Tyr Va

atc cac tac
Ile His 5

g?g gcc ccc
Gly Ala Pro

a%c aac
Ile Asn Lys
550

ttc age acc
Phe Ser Thr

GIn
425

C arc

Ile

atc
Ile

ctc C

Leu

gac
Asp

acc
Thr
505

gce
Ala

Ttc
Phe

aag ggc

Gly

cct
Pro

gcc gt? tgg ccc
Ala val Trp ;Eg

agc c?g tac aac
ser GIn T!O ASn

agc aag cgc aac gt
ser %;g Arg ASh V

€CC CCcC gag acc
Pro Pro Glu Thr
410

Ctg aac tac gty
Leu Asn Tyr Va

cec g
Pro Va

[ = acC
L:E Thr
445

gac agc aag aag
ASp Ser k S LYyS

<
in r &y M

atc atc cag tgc
Ie Ile G1n Ccys
430

ccc gac gt? age
Pro Asp val Ser

C acc agc ca
;gr Thr ;gr ?}§

aac caa tac gct
Asn GIn ;yr Ala

QacC acc ctg acc
Asp ;2; Lev Thr

ttc gag ctg agc
Phe Glu Leu Ser
S70

acc ggc ctg agc gcc ggeo 1ac aag

page

tCt gcr gt
Ser Ala va

ac cag acc
gsp G%g Thr

&y 2a

aCC gac
Thr gsp g%g
415

atg tgc tte
met Cys Phe
430

acc cac
'}_gﬂg, Thr His

atc acc cag
Ile Thr Gn

C agc gtg gt
Va

Ser va
480

C acc gag aac
Thr Glu Asn
495

foe o o
r ser G
510

atc acc ttc
Ile Thr Phe

gca ccg tte
Ala Pro Phe

tac aac agc
Tyr Asn Ser
560

C aac aac
y Asn Asn
575

gtg tac atc

1056

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1776

Yov



GIn Ile Gl 1 Thr Gl Ilod;f'ie%CrgA TOX'IES.STZ_? Tyr Il
Leu GIn Ile va r Leu Ser Ala ASp Lys Va r Ile
5!5 y 585 y 590

gac aag atc gag ttc atc ccc gt? aac tag atc tga gctc 1816
ASp LyS ﬂg Glu phe Ile Pro val Asn Ile

<210> 15

<211> 601

<212> PRT

<213> Artificial sequence

<220>
<221> misc_feature
<222> (1621)..(1632)
Ol223> cathepsin G recognition site coding sequence
E}don»' 15
@s‘t Thr Ala Asp esn Asn Thr Glu Ala Iigu Asp Ser Ser Thr 115|r Lys

Ensp val x1e GIn Lys Gly Ile Ser val val Gly Asp Leu Leu Gly val
20 25 30
[ ]

gval Gly Phe Pro Phe Gly Gly Ala Leu Val Ser Phe T!r Thr Asn Phe
W 35 40 4

bie
Oleu egn Thr Ile Trp Pro ?gr Glu Asp Pro Trp Lys Ala Phe Met Glu
ba

GIn val Glu Ala Leu Met Asp GIn Lys Ile Ala As r Ala Lys Asn
65 70 P d e 80
Lys Ala Leu Ala Glu Leu GIn Gy Leu GIn Asn Asn val Glu Asp Tyr
85 90 95
val ser Ala Leu Ser Ser GIn LyS Asn Pro val Ser Ser Arg Asn
100 e 'iSs 110 "0

Pro His Ser Gin Gly Arg Ile Arg Glu Leu Phe Ser Gln Ala Glu Ser
115 12 125

His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu val
130 135 140

Page 42
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Leu Phe
145

Leu Lys
Asp Ile

Thr Asp

Gly Ser
210

- 1

Fegg o
Pro ser
Lys Ser

Tyr Arg

L4

= _ 4

Tyr Ser
370

.;:g Glu

modified Cry3A Toxins.ST25
Leu Thr Thr 'r';r Ala GIn Ala Ala Asn Thr His Leu Phe Leu
150 155 160

Asp Ala GIn Ile Tyr Gly Glu Glu Trp Gl r Glu Lys Glu
P Sen TY y o p Gly Ty 5

Ala Glu Phe Tyr Lys Arg GIn Leu Lys Leu Thr GIn Glu Tyr
180 b4 9 185 y 190

His Cys val Lys Trp Tyr Asn val Gly iLeu Asp Lys Leu Arg

195 o Y ;KO y 20g

Ser Tyr Glu Ser Trp val Asn Phe Asn A r Arg Arg Glu
b ZE 258 R g

Leu Thr val Leu Asp Leu Ile Ala Leu Phe Pro Leu Tyr As4B

230 235 2

Leu Tyr Pro Lys Glu Val Lys Thr Glu Leu Thr Arg Asp val
vy 245 ys ¥ 250 9 25?

Asp Pro Ile val Gly val Asn Asn Leu Arg Gl r Gly Thr

P 260 y 26; eu Arg &y 30 y

ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe Asp

27% Ro ey 285

His Arg Ile GIn Phe His Thr Arg Phe GIn Pro Gl r Tyr

9 fos rg S0 yTyrTy
Asp Ser Phe Asn Tyr Trp Ser Gly Asn Tyr val Ser Thr Arg
310 315 32
Ile Gly Ser Asn Asp Ile Ile Thr Ser Pro Phe Tyr G'|¥ Asn
325 330 33

Ser Glu Pro val GIn Asn Leu Glu Phe Asn Gly Glu Lys val
340 345 350

Ala val Ala Asn Thr Asn Leu Ala val Trp Pro Ser Ala val

355 360 365

Gly val Thr Lys val Glu Phe Ser Gln Txr Asn Asp GIn Thr
375 380

Ala Ser Thr GIn YThr Tyr Asp Ser Lys Arg Asn Val Gly Ala
Sog | YT Ask Ser Lyg Ang Y 400
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Modified Cry3a Toxins.ST25

val Ser Trp Asp Ser Ile Asp Gin Leu Pro Pro Glu Thr Thr Asg Glu
405 410 41

Pro Leu Glu Lys Gl r Ser His Gln Leu Asn Tyr val Met Cys Phe
4!0 YTy 425 R4 430 R

Leu Met GIn Gly Ser Arg Gly Thr Ile Pro Val Leu Thr Trp Thr His

435 440 445
Lys Ser val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr GlIn
450 455 4

Leu Pro Leu val Lys Ala Tyr Lys Leu GIn Ser Gly Ala Ser val val
465 470 475

1a ¢ly Pro Arg Phe Thr G Gly Asp Ile Ile GIn Cys Thr Glu Asn
_ﬂf Y g 485 y oly Asp 490 v 495

Q
W

1y ser Ala Ala Thr 1le Tyr val Thr Pro Asp val Ser Tyr Ser GIn

il 500 i 505 P 5
2 ¥

- 'ﬁrs r Arg Ala Arg Ile His Tyr Ala Ser Thr Ser Gin Ile Thr Phe

- RAR-A ’ %0 525
]
Qrhr Leu Ser Leu Asp Gy Ala Pro pPhe Asn GIn Tyr Ala Ala Pro phe
1)) 5315 540

Hryr Phe Asp Lys Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser
545 550 555 560

Phe Asn Leu Ala Ser phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn
565 570 575

Leu GIn Ile Gly val Thr Gly Leu Ser Ala Gly Asp Lys val Tyr Ile
580 y Lef sS85 y Asp Lys Y50 7
Asp Lys Ile Glu Phe Ile Pro val Asn
595 600

<210> 16

<211> 1813

<212> DNA

13> Artificial Sequence
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Modified Cry3A Toxins.ST25
<220>
<221> DA
<222> (1)..(1212)
<223> Maize optimized modified cry3a057 coding sequence.

<221> misc_feature
222> (322)..(333)
<223> cCathepsin G recognition site coding sequence

<221> misc_feature
(<222> (1618)..(1629)
ﬂde Cathepsin G recognition site coding sequence

16

tg acg gCC gac aac aac acc gag goc Ctg gac agc BGC ACC acc aag 48
l-ﬂlet ‘rh?- g‘la gsp gsn Asn Thr ?‘.’13 21: 5.53 Rsp sgr ser Thr Ilslr LYyS

c atc cag aag ggc atc agc gtg gt C gac ctg <tg ggc g 96
p va? Ile %ﬂ Lys Gly Ile Ser \zlg Vaq ng gsp Leu |§8“ G?y va

)
¢ ttC CCc ttc ggc gge gec T C ttC tac acc aac ttc 144
!ﬂ? g y ;Isae Pro Phe g?y g‘y 21:1 f:g ea? gr Phe Igr Thr Asn Phe

T
&

Ctg aac acc atc tgg €Ccc age gag gac ccc tgg aag gcc trc atg gag 192
Leu gan Thr 1Ile Trp Pro %r Glu Asp Pro Trp as Ala phe Met Glu

gtg gag gcc ctg atp gac cag aag atc gcc gac tac gcc aag aac 240
GIn val Glu Ala Leu l;gt Asp GIn Lys Ile 9}: ASp Tyr Ala LyS :gn

ca ctg gce cta ¢ C ctc cag aac aac gt C tat 288
:;gg'la Leig.l g'llﬁlglLeu GﬁgyLeu g‘log ASNn Asn \gra g%g §§p Tyr

grg age gec ctg age age tgg Cag aag aac CCC get gea ccg ttc ccc 336
val ser Ala Iisg ser Ser Trp GIn Ii s Asn Pro Ala Ala Fl:rl‘.g Phe Pro

cac agc cag g?c C€gc atc cgc gag ctg ttc agc cag gcc gag age cac 384
His Ser ﬂg Gly Arg Ile Arg t{}g Leu Phe Ser Gln ﬂg Glu Sser His
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tte
Phe

ttc
Phe
145

cgc aac
Ara Asn
13

ctg acc
Leu Thr

aag gac gcc

Lys

arc g

Ile

gac

age
.,Ser

<gc
Arg

agc
ser

Asp Ala
cC gag
Ala Glu
cac tgc
His Cys
19

;gc tac
ar Tyr
210 4

ctg acc
Leu Thr

ctg tac
Leu Tyr

gac ccc
Asp Pro

agc aac
Ser Asn
275

g %
S
290 9

gac agc
Asp ser

Ile
agC gag
ser Glu

cC
g’la 3:?
355

ggc gt
Gly va

atc g?; ag

agc
ser

acc
Thr

caa
Gln

ttc
Phe
180

gt
va

&ai

G

ccc
Pro

atc
Ile
260

atc
Ile

atc
Ile

ttc
Phe

c
ser

cco
Pro
340

A2

acc
Thr

Mmodified Cry3A Toxins.ST25

atg ccc agc ttc gcc
Met Pro gg; phe Ala

tac gcc cag gcc gec
TYF ﬂg Gln Ala Ala

a%c%cgagg
Ile Tyr Giy Glu
165

tac aag cgc cag ctp
Tyr Lys Arg Gln I].;I:_:

aag tgg tac aac gt
Lys Trp Tyr ;33 va

aac tic

agc tgg gt
Asn Phe

Ser Trp Va
215

ctg gac ctg atc gcc
Leu ggg Ley Ile Ala

u
2 s

gt? g?c gtg aac aac
val Gly val Asn ﬁl‘sl

atc
Ile

aac
Asn

199

aag
Lys

Gly

aac
Asn

ctg
Leu

ara

250

ctg
Leu

gag aac tac atc cgc aag

Gliu Asn Tyr Ile A
T 280 i

cag ttc cac acg ¢
G'Ig Phe rzlgg 111‘:? Ag;

aac tac tgyp agc ggc
MnsrTrpSerGy

aac gac atc atc acc
g;n; Asp Ile Ile Thr

LysS

ttc
Phe

aac
Asn

age
ser
330

agc
ser

acc
Thr
155

g‘lu '{;s g?;

ctyg
Leu

cta

Leu

cgce
Arg

ttc
Phe
235

ctg
Leu

cgce
Arg

ccc
Pro

ca
cin

Tac
35

ccc
Pro

cag aac ctt tt¢ aac
3:? G'Ig AsSn Leu ﬁl:l Phe Asn

aac acc aac ctg gcc
Asn Thr Asn Ia.&l-; Ala

gt
va

tgg
Trp

gty v &8 Gl e

cac ctg ttc ctg ctg
His Leu Phe Leu igg

tac gag aag gag gac
Tyr Glu Lys ;i}lsl ASp

acc cag gag tac acc
r Glu Tyr Thr
cg

c g?c
Asp Lxs Leu Arg Gly

C gag atg
HS Arg Arg Glu Met

€CC Cctg tac gac gt
Pro Leu Tyr Asp ‘2’20

acc cge gac gr.? ctg
r al Leu

Cic Ctg ttc gac tac
His ligg Phe Asp Tyr

?c tac Tac ggc

gcc a TYr Iyr 6
™0 r
300 y y

agc acc ogc ccc

val ser Thr arg Pro
320

€£TC tac ggc aac aag
Phe Tyr Gly g.;:l; Lys

o o1 132 41 8¢

cce tct gea gt? tac
Pro gg; Ala val Tyr

ttc agc tac aac acc gac
mgﬁgﬁ ﬁesgrggwrangzgggmrgsp

Page
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480

528

576

624

672
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768
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gag
Glu
385

agc
ser

ctg

Leu Glu

atg cag
Met

agc
SGI'

ccc

A 329

Lys

370

C agc acc c
R‘{a asgr Thr Gil‘g

g9 gac

age atc
Trp Asp

ser Ile
405

o 5 1

gag aag
LyS

agc cgce
Ser Arg

Gln G?¥

ttc ttc

¢ gac
O35 935 Bhe Pre

val As
450 P

ctg gt

aag gcc
Leu va

Lys Ala

cce cge trc acc
Pro Arg

485

CC gcc acc atc
21: ﬁa Thr Ile
500

Cgc gcc cgc atc
Arg A1a Arg Ile

agc ctg gac g?
Gly

Ser Leu Asp
530

gac aag acc atc
Asp Lys Thr Ile

ctg gcc age ttc
Leu Ala Ser phe

565
arc ggc gt acc
Ile Gly Va

ttc atc
Ile Eﬁ Phe Ile

<210> 17
<211> 600

phe Thr G

modified Cry3A Toxins.ST2S
375 380

acc tac gac agc aag cgc aac gt c gcc gt
ThQEWr%pserLysAr‘gAana? g?yAa ?

gac cag ctg CCC CCC gag acc
Asp GIn Leu Pro :{8 Glu Tthr

agc cac cag ctg aac tac gt?
ser His GIn ﬁg Asn Tyr Va

ccC
Pro

acc gac
Thr g.sp g%ﬂ

ctg

415
atg tgc c
Phe Leu

Met C;o

tgg acc cac

ctg acc
g Thr His

a
Leu Thr T .

g?c acc atc
y Thr ﬂg Lys

aac atg atc gac
ASN l:% Ile Asp

cce gt?
Pro va

Ser Lys iys
4%

atc acc cag

ctyg
Ile Thr Gin

Leu

tac
o

ggc ggc gac
y Gly Asp

ctc

C € gCC
LyS Leu GIA ser iy A

gca
ser G ¥ Ala

Ala
480

acc aac ggc
The g?g :;g g?y

Ser Val Vi

axc

atc cag tgc
Ila

Ile GIn Cys
490

tac
Tyr Va

acc ccc
Thr Pro
505

agc
Ser

gac gt
ASp va

agc

tac agc cag aag
ser

Tyr Ser Gin Lys
510

cac tac gce

Hi Al ThF Ser cia
s Tyr Ala
v 520

atc acc ttc acc
Thre Ser Gln

Ile Thr phe Thr
525

caa tac gct gea ecg tic tac

g gcc tcc ttc
Gin Tyr g}s Ala Pro Phe Tyr

Ala Pro phe
535

aac
ASn

tte
Phe
560

ctc
Leu

aiac aag ggc gac acc ctg acc tac aac agc
‘S\EE Lys Gly Asp Thr Igglgl Thr Tyr Asn Ser

agc acc cct ttc gag ctg age g?c aac aac
ser Thr Pro Phe tsﬂg Leu Ser Gly Asn A;g

gac

C Ctg agc gecc q?c gac aag gt tac atc o
p

Gly Leu Ser Ah Gly Asp Lys va r Ile

aac tag arc tga gct cC
Pro va Ala

Asn Ile
600
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Modified Cry3A Toxins.sST25
<212> PRT

<213> Artificial Sequence

<220>
<221> wmisc_feature
<222> (322)..(333)

«<223> cathepsin G recognition site coding sequence

<220>

221> misc_feature

<222> (1618)..(1629)

«<223> cathepsin G recognition site coding sequence

<400> 17
Dhet Thr Ala Asp Asn Asn Thr 6lu Ala Leu Asp Ser Ser Thr Thr Lys
(1§ 5 10 15

W

val Ile GIn Lys Gly Ile Ser val val Gly Asp Leu Lau Gly val
<N 20 25 30

w»
f'-bn Gly Phe Pro Phe Gly Gly Ala Leu val Ser phe Tyr Thr Asn Phe
e Y 35 y 40 I!

o
eu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala rhe Met Glu
mL 50 55 P 6‘

1n val Glu Ala Leu Met Asp GIn Lys Ile Ala As r Ala Lys Asn
5 70 P y 75 Py ¥ 80

TOFE

Lys Ala Leuv Ala Glu Leu GIn Gly Leu GIn Asn Asn val Glu Asp Tyr
85 20 95
val Ser Ala Leu Ser Ser Trp GIn Lys Asn Pro Ala Ala Pro Phe Pro
100 5 110
His Ser Gln Gly Arg Ile Arg Glu Leu Phe Ser GIn Ala Glu Ser His
1S 120 125
Phe Ara AsSn Ser Met Pro Ser Phe Ala Ile Ser Glx Tyr Glu Val Leu
13 135 1

phe Leu Thr Thr Tyr Ala GIn Ala Ala Asn Thr His Leu Phe Leu Leu
145 150 155 160

Page 48



Ile Ala Glu

Asp His gg
Ser Ser Tyr
210 R4

Thr Leu Thr
225

Arg Leu Tyr

=
lyrhr Asp Pro
b
|

N e Ser Asn

"ﬁh 275
=]
S Leu His Arg
0 290

o

"Pl‘.;slsl Asp Ser
0

l""sel' Ile Gly

Ser Ser Glu

modified Cry3A Toxins.ST25
Lys Asp Ala GIn Ile Tyr Gly Glu Glu Trp Gly Tyr Glu Lys Glu Asp
Y 165 4 y 1'7.8 Y 175

Phe Tyr Lys Arg GIn Leu
180 R4 9 185
val Lys Trp Tyr Asn val
200
Glu Ser Trp val Asn Phe
215
val Leu Ass Leu Ile Ala
23
Pro Lys Glu val Lys Thr
245
ITle val Gly val Asn Asn
260 265
Ile Glu Asn Tyr Ile Arg
b 280
ITe GIn Pha His Thr Arg
295
Phe Asn 1 r Trp Ser Gly
Ser Asn Asp Ile Ile Thr
325

Pro val GIn Asn Leu Glu
340 345

Lys Leu Thr GIn %g Tyr Thr
Gly Leu Asp lz.gg Leu Arg Gly
Asn Arg 'HS Arg Arg Glu Met
Leu ;gg Pro Leu Tyr Asp \{:‘1’
(zi}g Leu Thr Arg Asp \zlasl} Leu
Leu Arg Gly Tyr ‘2;;5 Thr Thr
Lys Pro His lz.slg pPhe Asp Tyr
pPhe Gln ;& Gly Tyr Tyr Gly
Asn 'Hls- val Ser Thr Arg l;;g
.;;5 Pro Phe Tyr Gly ?;E Lys

Phe Asn Gly Glu L§s val Tyr
350

Arg Ala val Ala Asn Thr Asn Leu Ala val Trp Pro Ser Ala val Tyr
355 360 365

ser 615 val
! 3?7

Glu Ala ser
385

Ser Trp Asp

Thr Lys val Glu Phe Ser
375
Thr GIn Thr Tyr Asp Ser
160 Ty p

Ser Ile Asp GIn Leu Pro
405

GIn Tyr Asn Asp GIn Thr Asp
T 380 P

Lys Arg Asn val Gly Ala val

y 35? y 400

Pro Glu Thr Thr Asp Glu Pro
410 415
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Modified Cry3A Toxins.ST25

Leu Glu Lys Gl r Ser His GIn Leu Asn Tyr val Met Cys Phe Leu
y 425 T 425 T ‘4:;0
Met GIn Gly Ser Arg Gly Thr Ile Pro val Leu Thr Trp Thr His Lys
43§ re ey 440 4'4? ¥
Sser val Asp Phe Phe Asn Metr Ile Asp Ser Lys Lg(s) Ile Thr GIn Leu
450 455 4

Pro Leu val Lys Ala 'r)'rr Lys Leu GIn Ser 61! Ala Ser val val Ala
465 470 47 480

Gly Pro Arg phe Thr Gly Gly Asp Ile Ile GIn Cys Thr Glu Asn G}
y 9 85 y Gly Asp 90 Cy: e Yy

er Ala Ala Thr ITe Tyr val Thr Pro Asp vVal Ser Tyr Ser Gin Lys
ﬂf 500 i 505 v 510 ¥

r Arg Ala Arg Ile His Tyr Ala Ser Thr Ser GIn Ile Thr phe Thr
e 515 9 b 520 525

ASp Lys Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe
P 550 y y Ase 555 T 560

Q
ry
()
Y eru Ser Leu Asp Gly Ala Pro phe Asn GIn Tyr Ala Ala Pro phe Tyr
. 530 P ey 535 R4 540
[
2
1)
pASh Leu Ala Ser Phe Ser Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu
0 565 570 575
b
Gl

n 1le Gly val Thr Gly Leu Ser Ala Gly Asp Lys val Tyr 1le Asp
580 y 585 y Asp Lys -;;0
Lys ITe Glu Phe Ile Pro val Asn
595 600

<210> 18
<211> 1819
,%<212> ona
" «213> Artificial sequence

<220>

221> s
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Modified Cry3A Tox{ins.s725
<222> (1)..(1818)
<223> Malze optimized modified cry3AD56 coding sequence.

<220>

<221> wmisc_feature

<222> (322)..(333)

<223> catthepsin G recognition site coding Sequence.

<220>

<221> misc_feature

<222> (1624)..(1635)

«223> Catthepsin G recognition site coding sequence.

s
if
mfﬁ

(s
3
-3
=0
;)

gac aac aac acc gag gcc ctg gac agc agc acc acc aag 48
Asp gsn Aasn Thr Glu g'h ligu gsp Ser Ser Thr Er Lys

ac gt

2744
53

atc ca C atc agc t C gac ctg ¢ c 96
Ile g(],g t;g Gly Ile ggr \:l? \ﬂ’a? ay gsp Lelg.l ;E% g?y 3:?

ar

C TIC Ctc ttC ggc ggc gec ¢ C ttc tac acc aac ttc 144
? g?y ;is'ne Pro Phe g?y ﬁy Ega Lteg 33 gr Phe Hr Thr Asn Phe

Ctg aac acc atc tgg ccc agec gag gac c€cc tgg aag gcc tic atg gag 192
Thr Ile Trp Pro g;r Glu Asp Pro Trp %s Ala phe Met Glu

TQTE
2

8%
=

ca cc ctg at atc tac gcc aag aac 240
65”‘ ﬁﬁﬂxad%ﬁﬁﬁﬂﬁ%neﬁﬁﬁmﬂnlﬁw

S
5

aag gca ¢ cC cta ca C CtC aac aac tat 288
Lyggh nggh Eig Leumg(giyuuc%gasnmn\g}: g‘la3§§|c:1'yr

90
91:? agc gcc ctg age age tgg cag aag aac ccC got goa ccg ttc cge 336
yval Ser
4

c
Ala Leu Ser Ser Trp GIn L g Asn Pro Ala Ala Pro Phe Arg

8

Rt

AdC CCC Cac agec cag ggc cgc atc cgc gag ctg t ag 384
Asn Pro His Ser Gln Gly Arg ﬂa Arg Glu Leu pPhe

115

agc cac ttc cgc aac atg ccc agc ttc gocc atc age ggc tac 432
sSer l:g‘s’ Phe :grg Asn ggg ;tgg Pra sgr Phe ?\h ﬂs sgr Gly Tyr g]ag
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Modified Cry3a

ctg ttc ctg acc acc tac gec cC gcec
%q Leg phe Leg Thr Thr Tyr gh % ?\'Ia 21:
145 150 155

ctg ctg aag gac gcoc caa atc tac ggR gag gag
Leu Leu Lys Asp fég GIn Ile Tyr Gly g}g Glu

ag gac atc gec ttc tac aag ctg
(gﬂg Asp Ile ﬂg (953 phe Tyr Lys :1:r§ g%g Leu

tac acc gac cac tgc ag tgg tac aac
Tyrmr%guistcgsgtaqﬁgﬁ'ryrunw

€ gg¢c agc age tac 4 tg aac ttc
:grggizgr Serwrglag%;msa Asn Phe

atg acc ctg acc gtg ctg gac ctg atc gce
gig mtg Thr Leu Thr ‘2’53 Lg ASp Leg Ile g;g

{pac €gc ctg tac ccc t acc
wsp \gr:? Alg'g Lea TYr Pm:;gg%g\gra :;gThr
l"‘ 245 250

[
. Ctg acc gac ccc atc c aac aac
)ﬁ l.':g Thr gs Pro Ile 3:? (g;?y gtgg ASn Asn

fHacc acc ttc age aac atc gag aac tac atc cgc
s Thr Thr Phe Ser aAsn Ile Glu gsas Tyr Ile Arg

0 275

ac tac ctg atc cag ttc cac acg cpt

cac cgc 2
p T;E Leu His Arg Ile GIn Phe His Thr Arg
2

295

Orac g?c aac gac agc ttc aac tac tgg agc

c
"Tyr Asn Asp ser Phe Asn Tyr T sergq
305 y P 310 Tyr TP 31!

€gC CCC agc atc ggc agc aac gac atc atc acc
Arg Pro Ser Ile 32¥ Ser Asn Asp Ile ﬂa Thr

aac aag agc agc gag ccc gt? cag aac ctt gag
Asn Lys ser g:‘l; Glu Pro Val GIn Asn Leu Glu

tac cgc gee Ct aac acc aac gce
gta? Tyr 3‘?5'! gh 3:? 21a Asn ;hﬂl; Asn ﬁ Ala

Gl 1y & 8y &1 e 32 %f &l ae &

acc gac gce age acc 4CC Tac gac agc
Thr Asp gﬁ Ala gr Thr %g Thr Tyr gsp gr
Page

Toxins.ST25

aac acc cac ctg ttc
Asn Thr His Leu %

tgg ggc tac gag aag
Trp Gly Tyr (i';lsl Lys

aag ctg acc
Lys Leu Thr
. 190

a ag
Th
Cta gac aag ctc
&y Lan k5

Gln ghl

cag
Leu Leu
Leu Asp Lys

aac cgc tac cgc cgc
;;3 Arg Tyr Arg Arg

ctg ttc ccc ctg tac
Leu Phe Pro Leu Txr
240

gﬂag ctg acc cgc gac
u Lea Thr Arg AsSp
25

Ctg cgc ggc tac ggc
Leg Arg g? Tyr g?y

aap ccc cac ctg tIc

Lys Pro His Leu Phe
285

c ccc gge tac

tt
Phe%?rocynrr
300

aac tac gtg agc acc
Asn Tyr val Ser ;‘2‘5

agc ccc ttc tac ggc
Ser Pro Phe 'r!r Gly
335

ttc aac ggc
phe Asn &1y &1l 1y3

gt? tgg ccc tct gca
va ';Eg Pro Ser Ala

Cag tac aac gac cag
g}g TYr Asn Asp Gln

aag cgc aac gt? g?)c’

LYS Arg Asn va
52

480

528

576

624

672

720

768

816

864

912

1056

1152

1200



gec gt

agc

390
tgg gac agc atc gac cag

Ala val ser Trp :gg ser Ile Asp GIn

gag ccc ctg gag aag ggc tac agc cac
Glu Pro Leu

ttc ctg atg

fhe Leu

cac aag
His L!S
450

Met
435

agc g
sSer V.

<cC
Pro

ca gyt cc
3: g‘la?i?

o
chac gge agc

g tac

c

sis

, ttc acc ctg

tC tac ttc
t%Ehe Tyr phe R

Leu

jHage ttc aac
Se

r phe

aic ctc

AsSn

Asn Leu GIn

atc gac aa
Ile Asp

2 210>
<11>
12>

a3 3 o

Lzs
19

602
PRT

Glu LYS G r Ser His
“ Q20 YO YT ser s

cag ggc agc cgc ggc acc
G1nGySerArgG‘Thr

Modified Cr;gg Toxins.ST25

cag ctg
Leu
410

¢

atce
Ile

€CC CCC gag acc acc gac
Pro Pro Glu Thr 11{; Asp

ctg aac tac gt atq tgc
Leu Asn Tyr Va t Cys

ccc gtg ctg acc tgg acc
Pro va k:lsl The Trp Thr

tc C TTC aac atg atc gac agc aag aag atc acc

val As g Phe AsSn ueg Ile Asp igs Lys Lys Ile Thr
CC taC aag Ctc cag agc ggc gcc age g

E:g ? ;s 21: Tyr Lyg Leu iﬁ ser g y Ala Ser va t?

C Cgc ttc acc
Pro Arg Phe Thr

gec gec acc atc tac g
Ala Ala Thr Ile Tyr Va
500 505

€gc gcc ¢ge atc cac tac
Arg Ala Arg Ile rr;ré TYHE

agc gec cCcC
Ser 9 Leu Asp :19 Ala Pro

acc atc aac
Asp yg 'Eh r Ile Asn m

Ctg gCcc agce tLIc

C agc acc
Leu Ala ser Phe
565

ser Thr

? acc g c Cctg
Gly l..eu

g atc ttc atc ccc
Ile 31'3 fPhe Ile Eorg 3:

<213> Artificial Sequence

g

acc
Thr

gec
Alza

ttc
Phe

ggc
Gly

cct
Pro
570

agc
ser

aa.c

AC atc atc C acc
Ile Ile Gc%g gs Ilg‘lts' 2%3

cCcc gac grg agc tac agce
Pro Asp Va gis Tyr ser

agc acc agc cag atc acc
sgr Thr Eg; GIn Ile Thr

aac caa tac gct gea ccg
Asn g}s TYr Ala Ala P

Ggac acc ctg acc tac aac
Asg Thr Leu Thr Tyr Asn

560
aac

mmmwm

gce ggc gac aag gt?
Ala Gly Asp L!O va

tag atc tga gct ©
Ile Ala

Page 53
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1296

1344

1392

1440

1488

1536

1584

1632

1680
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<220>
<221> misc_feature
<222> (322)..(333)
<223> cCatthepsin G
<220>
<221> misc_feature

Modified Cry3A Toxins.ST23

recognition site coding sequence.

222> (1624)..(1635)

<223> catthepsin G
<400> 19

Met Thr Ala Asp Asn
1 5

asp val 1le GIn Lys
20

W

kval Gly ;Ee Pro phe

ity

-
El.eu ?son Thr Ile Trp

| §
&]n val Glu Ala Leu
s 7
W
[

Lys Ala Leu Ala Glu
E 85
val ser Ala Leu Ser
100
ASn Pro His Ser GIn
115
Ser His phe Arg Asn
130

-~ :Vﬂ Leu Phe Leu Thr

Leu Leu Lys Asp Ala
165

recognition site coding sequence.
ASn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
10 15
Gly X1e Ser val val Gly Asp Leu Leu Gly val
25 30

Gly Gly Ala Leu val Ser phe Tyr Thr Asn phe
y &l 40 H

Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu

55 P &b

Met Asp GIn Lys Ile Ala As r Ala Lys Asn
0 P y 75 p Ty y 30

Leu G1n Gly Leu GIn Asn Asn val Glu Asp Tyr

90 95
Ser Trp GIn LYS Asn Pro Ala Ala Pro Phe A
i 'i!s 110 o

Gly Arg Ile Arg Glu Leu Phe Ser GIn Ala Glu
Y A 120 e 125

Ser Met Pro Ser phe Ala Ile Ser Gly Tyr Glu

135 140
Thr Tyr Ala GIn Ala Ala Asn Thr His Leu Phe
150 155 160

GIn Ile Tyr Gly Glu Glu Trp Gl r Glu L
b y 170 pely Ty 175 ys
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Glu
Tyr
Arg
g

ASp

val

val

val

185
e g

Ala

Glu

Thr Asp His Cys
19

Gly Ser Ser Tyr

21 R4

Met Thr Leu Thr

val Arg teu Tyr

9 teu Xt

Leu Thr Asp Pro
260

Thr Phe Ser Asn
275

r Leu His A
%0 o

Gly Asn Asp Ser
Pro Ser Xle G'|¥
32
Lys Ser Ser Glu
340
r Arg Ala val
Rt

T;’rr Ser Gly val
370

AsSp Glu Ala Ser
val Ser Trp As
P %05

Pro Leu Glu L
420 ys

modified Cry3A Toxins.ST2S
Asp ITe Ala Glu Phe Tyr Lys Arg GIn Leu
P 180 T by llg

val Lys Tr r ASn
3 4 208 Ty

Glu Ser Trp val Asn
215

Val Leu Asp Leu Ile

230

Pro Lys Glu val Lys
4 2!0

val
Phe
Ala
235

Thr

Ile val Gly val Asn Asn
265

Ile Glu Asn Tyr Ile
280
Ile GIn Phe His Thr
295
Phe Asn Tyr Trp Ser
310
Ser Asn Asp Ile Ile
330
Pro val GIn Ash Leu
345
Ala Asn Thr Asn Leu
360
Thr L;s val Glu Phe
375
Thr GIn Thr Tyr As
390 TY P
Ser Ile Asp GIn Leu
410

Gl r ser His GIn
Yy 425

Arg
Arg
si
Thr
Glu
Ala
ser
395

Pro

Leu

Lys Leu 11915 GIn Glu
Gly ;sl.sl AsSp Lys Leu
s;g Arg Tyr Arg Arg
Leu Phe Pro Leu le).
Glu Leu Thr g;g Asp
Leu Arg tzi% Tyr Gly
Lys ;Eg His Leu phe
;&e’ GIn Pro Gly Tyr
Asn Tyr val Ser ';155
ser Pro Phe Bg Gly
phe Asn g}x Glu Lys
val ';Eg Pro Ser Ala
g;a Tyr Asn Asp Glin
Lys Arg Asn val %‘

Pro Glu Thr Thr Asp
415

Asn Tyr val Met Cys
T 430 o
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Modified Cry3A Toxins.ST25

phe Leu Met GIn Gly Ser Arg ﬂx Thr x1e Pro val Leu Thr Trp Thr
435 445
His Lys Ser val Asp Phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr
%0 P TIe 255 Paso
GIn Leu Pro Leu val I.;s Ala Tyr Lys Leu GIn Ser Gly Ala Ser val
465 470 475 480
val Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile GIn Cys Thr Glu
y 4;& y oy 498 o 495
Asn Gly Ser Ala Ala Thr Ile Tyr val Thr Pro Asp val Ser Tyr Ser
y 500 b 505 P 510 T
1n Lys Tyr Arg Ala Arg Ile His Tyr Ala Ser Thr Ser GIn Ile Thr
m‘ y .'35 b o 520 4 525

""’Phe Thr Leu Ser Leu Asp G1¥ Ala Pro Phe Asn GIn Tyr Ala Ala Pro
B 530 53 540

L

> E»e Tyr Phe Asp Lys Thr Ile Asn Lys Gly AsSp Thr Leu Thr Tyr Asn
b 45 550 SSE 560

|
[per Phe Asn Leu Ala Ser phe Ser Thr Pro Phe Glu Leu Ser G'I¥ AsSn
565 570 57

n Ley GIln Ile Gly val Thr Gly Leu Ser Ala Gly Asp Lys val r
pAs 580 y y 585 y Asp 5;0 T

Q
o
Ile Asp l.;s Ile Glu phe Ile Pro Val Asn
595 600

<210> 20

<211> 1797

«212> DHNA

<213> Artificial sequence

= N 220>
221> DS
<222> (1)..(1791)

<223> mafze optimized modified cry3a083 cods-lsng sequence.
Page



Modified Cry3Aa Toxins.sT25

<220>

<221> wmisc_feature

<222> (322)..(333)

<223> Ccathepsin G recognition site coding sequence.

<220>

<221> misc_feature

<22> (1612)..(1623)

<223> cathepsin G recognition site coding sequence

<400> 20
acg gcc gac aac aac acc gag gec gac ag n acc acc aa 48
L Thr Ala gsp Asn Asn Thr Glu 21: E:g Asp Ser Ser Thr Thr Lyg
5 10 15
atc ¢ ¢ atc agc C gac ctg ggc gt 96
)”an ?I'Iecﬁ:;gg?yﬂe:grgt?g:?g?ygspmLeu Yy V. ?
'F 20 25
Nyt c tte ccc ttc ggc € TIC tac acc aac tic 144
l-lla? he Pro Phesyg?ycrg'la Leu Va? ggr Phe T;r Thr Asn Phe
act aac acc atc ac ccc CC ttc at 192
(fLeu Asn :I:e"ll:";'g E’%’ﬂﬂspm-??-g:%gxumugg%ﬂ
W 50 55
a
cag gtg gag gcc arg €ag aag atc gcc gac tac gocc aag aac 240
Ccin ? g‘lu Ala g !;st g:: GIn Lys Ile A‘Ia Asp Tyr Ala Lys ason
aag gca ctg gec cta ¢ C Ctc aac gt tat 288
LygAaLeuxhg? Leuaﬁgyuug%gunasnw gﬁﬂ;wr
85 L) 95
gtg age gcec ctg age agc tgg cag aag aasc €cc get gca ccg Tic cge 336
val Ser Ala Leu Ser Ser Trp GIn Lys Asn Pro Ala Ala Pro Phe Arg
100 110
aac ccC cCac agc C ttc cag gec ga 384
- ASh Bro 1S Sar cin oy Afs Tie Aty C10 Led he ser cln Ala o1d
/ 115 120 125
=~ Sage Cac ttc cgc aac agc atg ccc age ttc goc atc agc gge tac gag 432
Ser His Phe Arg Asn Se ue t Pro Ser Phe Ala Ile Ser Gly Tyr Glu
130 135 140
ctg ttc ACC ACC tac gcc cag gcc gcc aac cc ct ttc 480
145 Leu Phe Eet’ﬁ Thr Thr Tyr 21: G‘In Ala g‘la Asn Thr g ;hss
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Modified Cry3A Toxins,.ST25

Ctg Ctg aag gac gcc caz atc tac g?a gag gag tgg ggc tac gag aag 528
Leu Leu Lys Asp Ala GIn XIle Tyr Gly Glu Glu Trp Gly Tyr Glu Lys
165 170 175
gag gac atc gcc gag ttc tac aag cgc Cag ctg aag ctg acc cag gag 576
Glu Asp Ile Ala Glu Phe Tyr Lys Arg GIn Leu LySs Leu Thr Gln Glu
180 18 190
tac acc gac cac tgc grtq aag tgg tac aac gt? t Cta gac aap cic 624
TYr Thr Asg His cys val Lys T& Tyr Asn Val Gly Leu ASp Lys Leu
19 2 205
cgc g?c agc agc tac gag agc tpg gtq aac ttc aac ¢gc tac cgc cgc 672
Arg Gly Ser Ser Tyr Glu Ser Trp Val Asn Phe Asn Arg Tyr Arg Arg
2 215 220
gag atg acc ctg acc gtg ctg gac ctg atc geoc ctg tic ccc ctg tac 720
Glu Met Thr Leu Thr val Leu Asp Leu ITe Ala Leu Phe Pro Leu 1!5
225 230 235 2
gac gtg cgc ctg tac ccc aag gag gt.? aig acc gag ctg acc cgc gac 768
Asp val Arg Leu Tyr Pro Lys Glu va L¥s Thr Glu Leu Thr Arg Asp
m 245 250 25
?ctgaccgaccccatcg ggc gt aacaacctgcgcg?ctacqc 816
3: Leu'rhrAsGB Pro Ile val Gly val Asn Asn LeuArgcﬁTyrGy
b 2 265 2
¢ acc tte agc aac atc gag aac tac atc cgc aag €cc cac ctg ttc 864
r Thr Phe Ser Asn Ile Glu Asn Tyr Ile Arg Lys Pro His Leu Phe
v 275 280 285
ac tac CaC Ccgc ALC cag ttc cac a ttC cag ccc ggc tac 912
thsp 1!5 f:g His A?S Ile G1= phe His 'rhc?- :gr'g Phe G1= Pro G?y TYr
' 2 295 300
f0cac ggc aac gac agc ttc aac tac tgg agc gge aac tac gtg agc acc 960
r Gly Ash Asp Ser Phe Asn Tyr Trp Ser G ! Asn Tyr val Sser Thr
5 310 31 320
nugc CCC agc atc ggc age aac atC atc acc agc ¢cc trc tac qgc 1008
Arg Pro Ser Ile g g sgr Ash g:f: Ile Ile Thr :gr Pro phe 1'gr G?y
32 330 335
AaC aag agc agc gag ccc cag aac ctt ttc aac ggc gag aa 1056
Asn Lys Ser Ser g‘llg.l Pro 33 G%g Asn Leu 21:3 Phe Asn g 5 g'lll Lyg
340 345 35
tac cgc gcc Gt aac acc aac ¢tg gec tgg CcC tct gea 1104
3:? Tyr :grg 213 \gl:? g‘la Asn Thr Asn l..eg 213 ‘g':? TgrE Pro Ser Ala
35 360 36
tac agc ggc acc a gag ttc agc cag tac aac gac ca 1152
\}':? 1¥r Ser E y 3: Thr L;g 3?3 Glu Phe ggr GIn Tyr Asn Asp Glg
370 375 380
4CC gac gag gcc age acc acc tac gac agc aag cgc aac gt C 1200
Thr Asp Glu Ala Ser Thr Gcﬁ Thr Tyr ?\sp gr Lys :grg Asn va? %3;
385 390 395
gcc gtg age tgg gac agec atc gac Cag ctg CCC CCC gag acc acc gac 1248

Ala va? Ser Trp Asp Ser Ile Asp Gln Leu Pro Pro Glu Thr Thr Asp
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gag ccc ctg
Glu Pro Leu

ttc ctg atg
Phe Leu Met
435

cac aag agc

Nis Lys Ser
450

cag ctg ccc

GIn Leu Pro
465

gt? gca ggc
val Ala Gly

g?c agc
Gly Ser

cCc agc ttc
,l'fina ggr phe

g AR

gag ttc atc
Glu Phe Ile
595
<210> 21
<211> 597

e <212> PRT

405

g%g aag g C ;;c
Glu Lys Gly Tyr
420

cag ggc agc cgc
GIn Gly Sear Arg

C gac tte ttc
3:1 2sp Phe :Islg

ctg gtg aag gcc
Leu vVa L;s Ala
470

€CC C€gc tic acc
Pro Arg phe Thr
48

gce gec acc atc
Ala Ala Thr Ile
500

Cge gec cge atce
Arg Ala Arg Xle

agc ctg gac ggg
Ser Leu Asp ;
53

GCﬁc
55h P

agc acc cct ttc

aic aag
Asn Lys

Modified cry3a
416

agc cac cag ctg
ser ﬂ;rs. Gln Leu

gqc acc atc ccc
G 45 Thr Ile Pro
4

aac atg atc gac
Asn Met Ile Asp

tac aag Eetc ca
r Lys Leu Gln
T 475

ggc ggc gac atc
G?y y:sgg Ile

tac gtg acc ccc
Tyr val Thr Pro
505

cac tac gec age
His Tyr Ala Ser
520

gcc ccc gect gea
Ala Pro Ala Ala

acc ctg acc tac
Thr Leu Thr T¥r
555

gag ctg agc ggc

Toxins.S5T25
415

aac tac atg
Asn Tyr val Met
430

ctg acc t
i Leu Thr 775

agc aag aag atc
Sser Lys Lys Ile
460

cag agc ggc gcc age

ser Gly Ala Ser

atc C acc
Ile Sg gs Thr

495

gac gt? agc tac
Asp Va rs»els Tyr

acc ag atc

tgc
cys

acc
Thr

acce
Thr

Gl

480
HH
agc

Ser

acc

c
Thr ser gg Ile Thr

525
€cg ttc tac tic
Pro Phe Tyr phe
540
aac agc ttc aac
Asn Se&r Phe Asn

aac aac ctc cag

sSer Thr Pro Phe Glu Leu Ser Gly Asn Asn Leu GIn
570 575

565

dfy el S8 &5

cce ﬂt? aactag
Pro va

<213> Artificial Sequence

<220>

&y %5p Lys Wl
ssg

e o e o
r Ile ys
595

Page 59
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Leu
560

atc
Ile

atc
Ile

1236
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Modified Cry3A Toxins.sT25
<221> misc_feature

<222> (322)..(333)
<223> Ccathepsin G recognition site coding sequence.
<220>

<221> misc_feature
<222> (1612)..(1623)
«<223> cathepsin G recognition site coding sequence
<400> 21
Met Thr Ala Asp Asn Asn Thr Glu Ala Leu Asp Ser Ser Thr Thr Lys
1 5 10 15
Asp val Ile GIn Lys Gly Ile Ser val val Gly Asp Leu Leu Gly Vval
20 25 30
T Gly Phe Pro Phe Gly Gly Ala Leu val Ser Phe T!r Thr Asn Phe
35 40 4
eu Asn Thr Ile Trp Pro Ser Glu Asp Pro Trp Lys Ala Phe Met Glu
50 P 55 P e 65
n val Glu Ala Leu Met Asp GIn Lys Ile Ala As r Ala Lys Asn
70 P vs 75 Py nd 80
s Ala Leu Ala Glu Leu G1n Gly Leu GIn Asn Asn val Glu AS r
{ ¥ a5 y 90 95p R4
val Ser Ala Leu Ser Ser Trp GIln Lys Asn Pro Ala Ala Pro phe A
B 100 ™ 15? 110 i
Asn Pro His Ser GIn Gly Arg Ile Arg Glu Leu Phe Ser GIn Ala Glu
115 120 125
Ser His Phe Arg Asn Ser Met Pro Ser Phe Ala Ile Ser Gly Tyr Glu
130 135 140
val Leu Phe Leu Thr Thr Tyr Ala GIn Ala Ala Asn Thr His Leu Phe
145 150 155 160

““N Leu Leu Lys Asp Ala GIn Ile Tyr Gly Glu Glu Trp Gl r Glu Lys
ys AP 165 Tyr ely 970 ey rony

Glu Asp Ile Ala Glu Phe Tyr Lys Arg GIn Leu Lys Leu Thr G1n Glu
180 T Ly llrg 190
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Modified Cry3A Toxins.ST25

r Thr Asp His Cys val Lys Tr r
T The g wis ovs val Lys 7 T
Arg Gly Ser Ser Tyr Glu Ser Trp val

9 2 R 215 e

Glu Met Thr Leuw Thr Val Leu Asp Ley
225 230

Asp val Arg Leu Tyr Pro Glu val

P rg '35 Lys
val Leu Thr Asp Pro Ile val Gly val
2 265

Thr Thr Phe Ser Asn Ile Glu Asp Tyr
275 280
8
r Leu His Arg Ile GIn Phe His
e v The glo

(4]
K it Gly Asn Asp Ser Phe Asnh Tyr Tr
'yﬁs Y p fhe Tyr Trp
o
1 Arg Pro Ser Ile g; Ser Asn Asp Ile
o
Lsn Lys Ser Ser Glu Pro Val GIn Asn
s 340 345
o
Hval Tyr ATg Ala val Ala Asn Thr Asn
35 360
val Tyr Ser Gly val Thr Lys val Glu
o A H
Thr Asp Glu Ala Ser Thr GIn Thr Tyr
385 390

Ala val Ser Trp ﬁts)g Ser Xle Asp Gln

= =z,

Glu Pro Leu Glu Lys G1 r ser His
a0 0 4 425

Phe Leu Met GIn Gly Ser Arg Gly Thr
43S y e 445

Asn Val Gly Leu Asp Lys Leu
Yy 505 p Ly
Asn Phe Asn A r Arg Ar
830 rg Tyr Arg Arg
Ile Ala Leu Phe Pro Leu Tyr
235 240
L!s Thr 6lu Leu Thr Arg ASp
250 25
Asn Asn Leu Arg Gly Tyr Gly
9 27‘
ITe Arg Lys Pro His Leu Phe
Ly 285
Thr Arg Phe Gln Pro Gly Tyr
rg Poe y
ser Gly Asn Tyr val ser Thr
31! b 320
Ile Thr Ser pro phe Tyr Gl
330 ;!5 Y
Leu Glu Phe Asn G‘IK Glu Lys
35
Leu Ala val Trg Pro Ser Ala
36
Phe Ser gIn Tyr Asn Asp Gln
380 P
ASp Ser Lys Arg Asn val Gl
P 395 %
Leu Pro Pro Glu Thr Thr Asp
410 415

GIn Leu Asn Tyr val Met Cys
430

Ile Pro val Leu Thr Trp Thr
445
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Modified Cry3A Toxins.sT25

His L!S ser val Asp phe Phe Asn Met Ile Asp Ser Lys Lys Ile Thr
450 455 ABD

61n Ley Pro Leu val L;s Ala Tyr Lys Leu GIn Ser Gly Ala Ser val

465 470 475 480

val Ala Gly Pro Arg Phe Thr Gly Gly Asp Ile Ile Gln Cys Thr Glu

y 48! y oly 495 o 495

Asn Gly Ser Ala Ala Thr Ile Tyr val Thr Pro Asp Val Ser Tyr Ser
Y 500 b 505 P 510 T

Gln L r Arg Ala Arg Ile His Tyr Ala Ser Thr Ser GIn Ile Thr
ys as ke g 520 4 525

pPhe Thr Leu Ser Leu Asp G'I¥ Ala Pro Ala Ala Pro Phe Tyr Phe Asp
530 53 540

s Thr Ile Asn Lys Gly Asp Thr Leu Thr Tyr Asn Ser Phe Asn Leu
% ¥ Ssh AP 5 560

r@ng

Y
la Ser Phe Ser Thr Pro phe Glu Leu Ser Gly Asn Asn Leu Gln Ile
565 570 575

ra;,;

Gly val Thr Gly Leu Ser Ala Gly Asp Lys val Tyr Ile Asp Lys Ile
: 580 Y588 Y i 590

lE1u Phe Ile Pro val
595

o}

210> 22

<l1l> 21
<212> DNA
<213> Artificial Sequence

<400> 22
ggatccacca tgacggecga ¢

== <210> 23
<211> 29
<212> DNA

<213> Artificial Sesquence
Page 62
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modified Cry3a Toxins.ST25

<400> 23

gaacggtgca gcggggttct tctgccage
210> 24

<211> 29

<212> DNA

<213> Artificial sequence

<400> 24
gctgcaccgt tcccccacag ccagggecg
Q1> 25
<211> 21
g:zu> DNA
I_“":zm Artificial Sequence
..'.ar"'\
¢ 400> 25
ctagaccca cgttgtacca c
Erzlo, 26
211> 29
ﬂzm DNA
Edlb Artificial Sequence

<400> 26
getgcaccgt tccgcaaccc Ccacageca

<210> 27
<211> 19
<212> DNA
)-( «<213> Artificial Sequence

<400> 27
gagcgtcgac ttcttcaac

29

29

21

29

19

fage 63



<210>
<211>
<212>
<213>»

<400

28

30

DNA

Artificial sequence

28

modified Cry3A Toxins.5T25

gaacggtgca gcgtattggt tgaaggogyc

210>
<211>
212>
<213>

k400>

29

30

DNA

Artificial Sequence

29

Cpctgcaccgt tctacttcga caagaccate

400>

30

21

DNA

Artificial Sequence

jsgagctcagat ctagttcacg 9

Q
210>

<211>
<212
<213>

<400>
i“"“"" <210
<211>
<212
<213>»

31

32

DNA

Artificial sequence

31

32

32

DNA

Artificial Sequence

c€ggggccece getgcacegt tctacttcga ca

Page 64
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Modified Cry3Aa Toxins.ST25

<400> 32

tgtcgaagta gaacggtgca goggggacce cg
<210> 33

<211> 48

<212> DNA

«<213> Artificial Sequence

<400> 33
ggatccacca tgaactacaa ggagttcctc cgcatgaccg ccgacaac
<210> 34

gkzm 20

m:zu:- DNA

“<213> Artificial Sequence

| iﬁdtlb 34

""cctccacctg ctccatgaag

[

gdl{b 35

tkzm 4

Qd:l.b PRT

M213>  Protease recognition site.

<400> 35
ih Ala Pro phe

<210> 36
<211> 4

- , <212> PRT

«<213> Protease recognition site.

<400> 36

Ala Ala Pro Met
Page 65

48

20

=5



Modified Cry3A Toxins.ST25

1

<210> 37

<211> 4

<212> PRT

<213> Protease recognition site.

<400> 37
fa val Pro Phe

_<210> 38

211> 4

<212> PRT

<213> Protease recognition site.

iy

Hice00> 38
»’gm phe Leu Phe
'

3

TBTEBG T
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‘. Lasolichud. .. () )
' Representacion grafica del esquema de trazado () ()
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Industria y Comercio
SUPERINTENDENCIA
2020
Bogota DC
lq 0 7“
Doctor(a) Oficio N*
MARGARITA CASTELLANOS A
Apoderado
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Actuacion 416
Folios 001

Como resultado del examen de forma, realizado con fundamento en el articulo 38
de la Decisibn 486 de la Comisién de la Comunidad Andina, articulo 27 del
Tratado de Cooperacién en Materia de Patentes (PCT), regla 51 bis del
R glamento y Circular Unica de la Superintendencia de Industria y Comercio, se le
comunica que:

¢ La solicitud no contiene copia del documento en que consta la cesién del
derecho de patente del inventor al solicitante 0 a su causante (Art. 26-k)
Decisién 486).

« La solicitud no contiene el poder debidamente otorgado con el lleno de
requisitos exigidos por los articulos 63 y subsiguientes del Cédigo de
Procedimiento Civil. Adicionalmente debera presentar el documento que
acredita la existencia y representacion legal de la sociedad solicitante,
cuando éste fuere una persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Decision 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificaciéon del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerara abandonada y perdera su prelacién.

a lo dispuesto en el numeral 5.2, literal e),

Notifiquese el presente oficio con
i la Circular Unica N°® 10 de 2001.

del capitulo quinto del tjulo p

ALIX CARMENZA EDES DE VERGEL
Jefe de la Divisi6 e Nuevas Creaciones.
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