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Asunto : Solicitud de patente para: “COMPOSICIONES DE
POLIPEPTIDOS TOXICAS PARA INSECTOS
ANTONOMUS Y METODO DE USO"
‘ Fecha de la solicitud ! 15 de mayo de 2001
TRAMITE:02 - EVENTO:01 - ACTUACION:444
1. Yo, Emilio FERRERO, obrando co:.no apoderado del solicitante en el asunto

antes identificado, me refiero al oficio niimero 1717, notificado por fijacién en lista de fecha
del 7 de junio de 2001.

2. Mediante el oficio niimero 1717 se puso en conocimiento del solicitante el
informe que contiene laes observaciones hechas por su Despacho sobre la presente solicitud
de patente. Atiendo a las observaciones de la manera siguiente:

2.1._Documento de cesifn de inventores. Presento junto con este escrito los

documentos en que consta la cesién del derecho a la patente otorgado por los
inventores al solicitante.

2.2 Poder. Presento con este memorial poder conferido por la sociedad
MONSANTO TECHNOLOGY LLC, debidamente legalizado, y que me faculta
para actuar en esta solicitud de patente.

Ruego a Usted reconocerme personeria como apoderado de la solicitante.

N | T. 860.041.367-3
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2.8. Caopia Certificada. Presento con este escrito copia certificada de la solicitud
de patente estadounidense nimero 60/204,367 del 156 de mayo de 2000, en la
cual se basa la reivindicacién de la prioridad.

3. Puesto que se han atendido a cabalidad las observaciones hechas por su
Despacho sobre la presente solicitud de patente, atentamente solicito que se continiie su
tramitacién.

Bogots, ] 0 JUL. 2001

Seiiora Jefe,
E : N ‘ l .-) C_—‘—-.‘H ——
EMILIO FERRERO
T.P.A. No. 31.929
& COLO 12746-801-001-3
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{Convention de La Haye du 5 octobre 1961) 27’4

. Country: United States of America

This public document
has been signed by MICHELLE LUDWIG

acting in the capacity of NOTARY PUBLIC

bears the sea[/stamp of MICHELLE LUDWIG-NOTARY PUBLIC-STATE OF MISSOURI

Certified

at Jofferson City, Missouri
the 11th. day of JUNE 2001

by Matt Blunt, Secretary of State, State of Missouri

Seal/Stamp 10. Signature:

. W\ﬁ%\w

Conmm. 48 (12-2000)
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CESION

Yo, {nosotros), abajo firmado (s)

ASSIGNMENT

I (we), the undetslg)\ed /

Barbara G. Isaac, Elysia K. Krieger, Anne-Marie

Light Mettus/.s akyntala Sivasupramaniam, /

Farhad Moshiri

lomiciliado (s) en

of St. Charles, MO, Kirkwood, M0, Feasterville,
PA, Chesterfield Chesterfield, MO

respectively

leclaro(amos) bajo juramento ser tnico(s) y
prdadero(s) inventor(es) de la invencién:

state(s) under ocath to be sole and true
inventor(s) of the invention:

POLYPEPTIDE COMPOSITIONS TOXIC TO

ANTHONOMUS INSECTS, AND METHODS OF USE

eclaro(amos) asf mismo que cedo(emos) l{
.'nr.l:g:‘rlo(eﬂmos), sin limitacién, a favor de
oci

onstitufda y existente de conformidad con las
'yes del Estado de

J
omiciliada en

»dos los derechos inherentes a dicha invencién

que la citada Compaififa queda facultada para
dicitar en su nombre la patente
srrespondiente en la Repdblica de Colombia.

Dado y firmado hoy/Given and signed this

T e el hat el SHSEOHS PeSRVRN? P

a corporation constituted and existing in
conformity with the laws of the State of

Delaware

domiciledin St. Louis, MO USA

all rights inherent to said invention and that the
above mentioned company hereby is enabled to

apply, in its name, for the corresponding patent
ul:FhZ Republic of Colombia. P

en/in

S—2-0(

Signature



AUTENTICACION NOTARIAL (INDIVIDUO)

Alos __ diss del mes de de 19

ante mi, Notario Publico de

compareci(eron) personalmente

a qulen(es) doy fe de conocer y ow consta ciue es{son) la(e)
persona(s) flrmante(s) del documento que precede, ¥ qulen(es)

tiene({n) capacidad legal para otorgario.

NOTA: LA AUTENTICACION CONSULAR ES NECESARIA.

MMAMATK.HIW -
On thig:?3Hay of Mai_ 200

before me, a Notary Public of.ﬂ-_‘.nlﬂ.@i’fjﬁ'_f_l
personally sppeared Q&M&LLEL%L_

to me known, and known to me to be the person(s) w
executed that foregoing document, and who has(have) le
capacily to execute It

Notario I'iblico . Notary Public M% ua&.ug

MICHELLE LUDWIG
-Notary

State of Missourt t
County

Mvcm;w 13,2001
P

-"IV ;s
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(Convention de La Haye du 5 octobre 1961)

. Country: United States of America

This public document
has been signed by MICHELLE LUDWIG

3. acting in the capacity of NOTARY PUBLIC

© ® N o o

bears the seal/stamp of MICHELLE LUDWIG-NOTARY PUBLIC-STATE OF MISSOURI

Certifled
at Jefferson City, Missouri
the 11th. day of JUNE ' 2001
by Matt Blunt, Secretary of State, State of Missouri
No_ 03614
Seal/Stamp 10. Signature:

W\akk%\wk:

Comm. 48 (12-2000)




11899.0222.00C000 (MOBT:222-C0)

= ;-ABOGADOS 38-21(51932)A CO
s, ARIED
CESION ASSIGNMENT
Yo, (nosotros), abajo firmado (s) I (we), the undersigned

Barbara G. Isaac, Elysia K. Krieger, Anne-Marie

Light Mettus, Sakuntala Sivasupramaniam

Farhad Moshiri

domiciliado (s) en

of St. Charles, MO, Kirkwood, M0, Feasterville,

eclaro(amos) bajo juramento ser tinico(s) y
rdadero(s) inventor{es) de la invenci6n:

declaro(amos) as{ mismo que cedo(emos) y
transfiero(erimos), sin limitacién, a favor de la
sociedad

constituida y existente de conformidad con las
leyes del Estado de

dormiciliada en

todos los derechos inherentes a dicha invencién
¥ que la citada Compaiifa queda facultada para
solicitar en su nombre la patente
correspondiente en la Repiiblica de Colombia.

Dado y firmado hoy/Given and signed this

PA, Chesterfield, M0, Chesterfjeld, MO, USA,
respectively

state(s) under oath to be sole and true
inventor(s) of the invention:

BOLYPEPTIDE COMPOSITIONS TOXIC TO
ANTHONOMUS INSECTS, AND METHODS OF USE

state s well, that sssign, without spservations pr

a corporation constituted and existing in
conformity with the laws of the State of

Delaware

domiciled in St. Louis, MO USA

all rights inherent to said invention and that the
abowlre mentioned cofgtpah:;y herembled to
apply, in its name, for the corres i tent
uﬂ,hz Republic of Colombia. pe

en/in

Km&&h—f&lo!

Firma

Signature



AUTENTICACION NOTAKIAL (INDIVIDUC) NOTARIAL AUTHENTIFICATION (INDIVIDUJAL)

Alos ___dins del mes de de 19 On thllﬂgl"y of_ma} ™ o/

ante mi, Notario Puiblico de before me, a Notary Public of .57. { cans @a# , éﬁizﬁ m
comparecié(eron) personaiments personally appeared _éa@m—.&m_

a quien(es) doy fe de conocer y ma consta que esison) la(s) to me known, and known to me to be the person(s) who
persona(s) firmante(s) del documento que precede, y qulan(es) execuled that foregoing document, and who has(have) legal
tlene(n) co pucidad legal para otorgarlo. capacity to execute it

Notario [Yibllco — Notary Public

of
St. Louis County
My Comission Expires .y 13, 2001

NOTA: LA AUTENTICACION CONSULAR ES NECESARIA.
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(Convention de La Haye du 5 octobre 1961)

. Country: United States of America

This public document
has been signed by MICHELLE LUDWIG

3. acting in the capacity of NOTARY PUBLIC

© & N O o

bears the seal/stamp of MICHELLE LUDWIG-NOTARY PUBLIC-STATE OF MISSOURI

Certified
at Jefferson City, Missouri
by Matt Blunt, Secretary of State, State of Missouri
No. 03613
Seal/Stamp 10. Signature:

. W\d«%\w

Comm, 48 (12-2000)
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CARRERA'® N° 7238
BOSOTA, 8 - COLOMNA
CESION
Yo, (nosotros), abajo firmado (s)

domiciliado (s) en

“:l;ro(anws) bajo juramento ser tnico(s) y
dero(s) inventor(es) de la invencién:

declaro(amos) as{ mismo que cedo(emos) y
tral_!:g:ao(enh os), sin limitacién, a favor de la
soci

constitufda y existente de conformidad con las
leyes del Estado de

t

domiciliada en

todos los derechos inherentes a dicha invencién
¥ que la citada Compaiifa queda facultada para
solicitar en su nombre la  patente
correspondiente en la Repriblica de Colombia.

Dado y firmado hoy/Given and signed this

11899.0222.00C000 (MOBT:222-C0)

38-21(51932)A CO i

ASSIGNMENT 23 \

I (we), the undersigned

Barbara G. Isaac, Elysia K. Krieqer, Anne-Marie
Light Mettus, Sakuntala Sivasupramaniam,
Farhad Moshiri

of St. Charles, MO, Kirkwood, M0, Feasterville,
PA, Chesterfield, MO, Chesterfield, MO, USA,

* respectively

state(s) under oath to be sole and true
inventor(s) of the invention:

BOLYPEPTIDE COMPOSITIONS TOXIC TO
ANTHONOMUS INSECTS, AND METHODS OF USE

ratons i fevonan S WEEARES TESTROGE Blc

limitations in favo

a corporation constituted and existing in
conformity with the laws of the State of

Delaware

domiciled in __ St. Louis, MO USA

all rights inherent to said invention and that the
above mentioned company hereby is enabled to
aprly, in its name, for the corresponding patent
in the Republic of Colombia.

en/in

Sokumtala j_\'\f &s.uﬁsv-mﬂmm . Moy 2o nr

Firma

Signature



AUTENTICACION NOTARIAL ANDIVIOUO)

Alos __ diss del mes de de 19

ante mf, Notarlo Xiblico de

compareci§(eron) personalimente

-

) . » '._w‘L'-A.
mmmmmm o

(Y‘mj

before me, a Notary Publicof 51 . "
Lont) rAL

ol
On this 22 day of ®dcer )

personally appeared

a quien{es} doy fe de conocer y m constz qite es{eon) lale)
persona(s) firmante(s) del documento que precede, y quien(es)
tiene(n} capacided legal para otorgario.

NOTA: LA AUTENTICACION CONSULAR ES NECESARIA.

to me known, and known to me to be the person(s) who
executed that foregoing document, and who has(have) legal
<wpacity to execute (L.

Notario I"ibllco . Notary Public 4
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Apostille X%

(Convention de La Haye du 5 octobre 1961)

. Country: United States of America

This public document
has been signed by MICHELLE LUDWIG

acting in the capacity of NOTARY FUBLIC

bears the seal/stamp of MICHELLE LLIDWIG-NOTARY PUBLIC-STATE OF MISSOUR]

Certifled

at Jefferson City, Missouri
the 11th. day of JUNE , 2001

by Matt Blunt, Secretary of State, State of Missouri
No. 63612

Seal/Stamp 10. Signature:

: Mﬁ’%\w

Comm. 48 (12-2000)
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Yo, (nosotros), abajo firmado (s) I (we), the undersigned

Barbara G. Isaac, Elysia K. Krieger, Anne-Marie

Light Mettus, Sakuntala Sivasupramaniam

Farhad Moshiri

domiciliado (s) en

of St. Charles, MO, Kirkwood, M0, Feasterville,
PA, Chesterfield, MO, Chesterfield, MO, USA.

respectively

‘eclaro(amos) bajo juramento ser tnico(s) y
rdadero(s) inventor(es) de la invencién:

state{(s) under oath to be sole and true
inventor(s) of the invention:

POLYPEPTIOF COMPOSITIONS TOXIC TO

ANTHONOMUS INSECTS, AND METHODS OF USE

declaro(amos) as{ mismo que cedo(emos)
h‘ar_n:ge:lo(erin'tos), sin limitacién, a favor de IZ
socieda

constitulda y existente de conformidad con las
leyes del Estado de

.:

domiciliada en

todos los derechos inherentes a dicha invencién
¥ que la citada Compafila queda facultada para
golicitar en su nombre Ila patente
corzespondiente en la Repiiblica de Colombia.

Dado y firmado hoy/Given and signed this

state as wel, that assign, uwithout rpservations pf

a corporalion constituted and existing in
conformity with the laws of the Stateof ____~

Delaware

domiciled in _ St. Louis, M0 USA

all rights inherent to said invention and that the
abore mentioned cr;m hey hereby is enabled tt:
a , in its name, for the corresponding paten
ul:?hz Republic of Colombia. por P

en/in

Firma

Tashed Meshune /18701
Signature
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AUTENTICACION NOTARIAL (INDIVIDUO)

Alos ___ dissdel mes de del9

ante wd, Notarlo [Wiblico de

comparecié{sron) personalmente

« " "-'\.--.
-« 1 -u -"-j-.ﬁ

NOTARIAL AUTHENTIFICATION INDIVIDUAL)

On this lﬁ-r of -N\Ch W=XO

before me, a Notary Mublic of Sllog Cﬁuﬁ &t 1 Mo

personally appeared j)&".!ﬂ_m.ﬂﬂl\ﬂl

>

& quien(es) doy fe de conocer y me consta que es(son) la(e)
persona(s) firmante(s) del documenio que precede, ¥y qulen(es)

tiens(n) capacidad legnl para otorgario.

NOTA: LA AUTENTICACI N CONSULAR ES NECESARIA.

Notario 1iblico —_ Notary Public

to me known, and known to me to be the person(s} who
executed that foregoing document, and who hasthave) legal
cupucity to execute it.

N MICHELLE LUDWIG
sgaguo': County a
WCumﬁmEmlu.uy 13, 2001
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APOSTILLE
(Convention de La Haye du 5 octobre 1961)

. Country: United States of America
. This public document has been signed by Dorothy Lynn Stelner
. acting in the capacity of Notary Public, Montgomery County

. berrs the seal/stamp Dorothy Lynn Stelner, Notary Public, Commonwealth of Pennsylvania

Certified
. at Harrisburg, Pennsylvania 6. The 13™ day of June, 2001
. by Kim Pizzingrilli, Secretary of the Commonwealth of Pennsylvania
 No. 0113928
. Seal/Stamp 10. Signature:

Kim Pizzingrilli
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BOSOTA, § - COLOMBIA

CESION

Yo, (nosotros), abajo firmado (s)

domiciliado (s) en

gclaro(amos) bajo juramento ser unico(s) y
verdadero(s) inventor{es) de la invencién:

declaro(amos) asf 'r;iismo que cedo(emos) y
transfiero(erimos), ‘sin limitacién, a favor de la
~ sociedad

constitufda y existente de conformidad con las
.es del Estado de

domiciliada en

todos los derechos inherentes a dicha invencién
¥y que la citada Compafifa queda facultada para
solicitar en su nombre la  patente
correspondiente en la Reptblica de Colombia.

23X

11899.0222.00C000 (MOBT :222-C0)
38-21(51932)A €0 BS

ASSIGNMENT

I (we), the undersigned
Barbara G. Isaac, Flysia K. Krieger, Anne-Marie

Light Mettus, Sakuntala Sivasupramaniam

Farhad Moshiri

of St. Charles, MO, Kirkwood, M0, Feasterville,
PA, Chesterfield, MO, Chesterfield, MO, USA,
respectively

state(s) under oath to be sole and true
inventor(s) of the invention:

BOLYPEPTIDE COMPOSITIONS TOXIC TO
ANTHONOMUS INSECTS, AND METHODS OF USE

state as well, that assi
limitations in favour o

Snsants Taahnaroay ke

a corporation constituted and existing in
conformity with the laws of the State of

Delaware

domiciled in St. Louis, MO USA

all rights inherent to said invention and that the
above mentioned company hereby is enabled to
apply, in its name, for the corresponding patent
in the Republic of Colombia.

Dado y firmado hoy/Given and signed this _5723/0;_

en/in Ruc k3 6:..,. PA

(s i gt il 123001
irma

CAVELIER ABOGADOS
WPPODERE-339

Signature




AUTENTICACION NOTARIAL (INDIVIDUO)

Alos ___ diasde] mes de de 19

ante mf, Notarlo hiblico de

compareci§(eron} personalmente

NOTARIAL AUTHENTIFICATION (INDIVIDUAL)

On thh&ﬁ-r ot 174 / A a
before me, a Natary Public of /ﬂjﬂg\s fd
pereonally appesred i Magre Lpgwr ”E_LW&'

a quien(es) doy fe de comocer y me consta que es(son) la(s)
persona(s) firmante{s) del documento que precede, y quien(es)

tienetn) capacided legal para otorgario.

NOTA: LA AUTENTICACION CONSULAR ES NECESARIA.,

to me known, and known to me to be the person(s) who
executed that foregoing document, and who heathave) legal
capacily to execute it

Notasio M'iblico - Notary Public MM;‘V
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Apostille Dy

(Convention de La Haye du 5 octobre 1961)

. Country: United States of America

This public document

. has been signed by ___JUDITH A. LORENZ

3. acting in the capacity of ROTARY PUBLIC

4. bears the seal/stamp of ILDITH A.LORENZ-NOTARY PURLIC-STATE OF MISSQURI
LT S e T _'“’_- ""-‘:."."--' - “utf...i*-w“-‘“ w2
R e i LR '-‘:.'-f.
. 0ertlfled
5. at Jeﬂerson Clty, Missouﬁ"‘ o aepRy
6. the H 29“'1..---:_.:,:-._-;_ ] :----' daYOf MAY T . 2 ' 2001
7. by Maﬂ Blunlr Sepret‘nly d\"State State_ of Mlssour.| -
8. No.__*; 63159"‘ R
9. SeallStamp R S R e B ﬁ_:‘w_{;__]'o.'__f_..Signg't-ure:
Comm. 48 (12-2000) e

TRADUCCION No.: JLa b

MARIA ELVIRA MARTELD
Troductora e Interpreta Oficial
inglés - Espaficl - Inglés

I!ea. No. 2&79 Min, .Iusﬂclﬂ '

sl
{

JLAN muum. BOTERO MEDINA |
T P e C#.'bi'h;
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-CAVELIE SR - 193
AIMOGADS
O S TRADUCCION Ne: [Ugf bl
MARIA ELVIRA MARTELD

BOGOTA, 8 - COLOMBLA
. Tradyctora e interpreta Oficial
Ingiés = Espafiol - Inglés
Res. No. 2879 Min. lusticia

REPRESENTACION, RATIFICACION Y PODER

W 240

Representacién, Ratificacidn y Poder’ con autenticacién
notarial y Apostille para pateates, modelos de utilidad diselios
industrinles, marcas de fibrica, oombres comerctales,
enseflas, nombres de dominio, lemas comerciales, licencias.

Representation, ratification and ‘Powerhof-Athrney with
notarial suthentication and Apostille for patents, urlity
models, Industrial designs, trademarks, commercial names,
trade emblems, domain names, ns, llcenses.

REPRESENTATION, RATIFICATION AND P WER-
OF-ATTORNEY

'Yo (nosotros), absjo firmado (s)1 (we), the undersigned
MONSANTO TECHNOLOGY LLC

domiciliado (s) ew'of__800" North L tndBergh
Boulevard, St. Louis, Missourt 63167,

United States of America,

por el presente racificamos la___ S017citud de patente

patent appltcation

hereby ratify the Ll
No. 01038851

t _No 01038451

presentada por _ EMILIO FERRERO

filed without & Power of Atomey by EMILJO FERRERO

fi 1a Superintendencia de
TRauEtrfa y ComercTo ;

en_Bogotd, Colombia
¢ 15 de Mayo de 200]

Yy por el presente nombramos a EMILIO FERRERO, tpa 31529; .

GONZALO PERDOMOQ, tpa. 831; LUZ CLEMENCIA™DE PAEZ, pa
23555 y GERMAN CAVELIER, tpa. 832, domiciliados en la Carrera 4°

N* 72 35, Bogotd, Colombia, en obedecimiento a lo dispuesto en el

parigralo [0 del Articulo 543 del Cédigo de Comercio, el primero como
principal y los demis como suplentes, en su onden, como mis (nuestros)
representantes en todos los asuntos de propiedad industrial con facultad
para recibir notificaciones y nombrar apoderados judiciales o
extrajudiciales. El primer representante suplente reemplazani al principal
¢n caso de ausencia o impedimento temporal o definitivo de aquél La

.ismn regla se aplicard cuando el segundo representante suplente hayn

de reemplazar al primero, o €l tercero al segundo. En tales casos, el
representante principal, o el primero, o segundo suplente, en su caso, o
ambos, declararin su intencién de no ejercer La representacidn mediaate
declaracion autenticada por Nomrio Piblico en Colombia, o por Notario
u oiro Funcionario Pibliro, o Cénsul de Celombia, en el extranjero; y si
se tratare de impedimento, con el centificado respectivo. Si alguno de los
nombrados (altare definitivarnente, el siguiente tomard su lugar. Cuando
cesare la ausencia o impedimento de! representante principal, o de su
primero 0 segundo suplearet, en su caso, podrin ejercer la
representacida, en su orden, une u otros segin ¢l caso, asumiéndola por
¢l solo hecho de gjereerla, cesando en ese momento el ejerticio de [a
representacion por cl primero, segundo o tercer suplente en su caso.

Ademds, confiero (conferimos) poder a los abogados arriba nombrados,
para obtener la proteccidn de mi (nucstra) propiedad industrial y conira
Ia competencia deslenl, a cuyo efecto autorizo (amos) a los dichos
apoderados para que me (nos) representen ante cuslesquiera entidades o
personas, ejerzan 0 no jurisdiccién, especialmente ante las del orden
administrativo, contencieso adminimrativo y judicial, asi como los
tribunales de arbitramento, en wdo lo concemiente a Ios siguientes
asuntos: 3) Obtencidn de patentes de invencion, modelos de wilidad y

CAVELIER ABOGADOS
WPPODEN-193 (MINUTA 12.1.1.2.9.r USA)

vefore__the Superfntendency of Industry and
Commerce
in_Bogotd, Colombla
on_ May 15, 2001
md do hereby appoint EMILIO FERRERO, tpa 31929; GONZALO
PERDOMO, pa. B31; LUZ CLEMENCIA DE PAEZ, tpa. 23555 and
GERMAN CAVELIER, tpa. 832, domiciled at Carrera £* N* 71.35,
Bogoti, Colombis, in due compliance with the terms of Paragraph 15t of
Article 543 of the Commercial Code, the first as principa! and the others
as ahernates, in the onder of their appointment, as our representarives for
all industrial property mamers with faculty to receive notifications and 10
appoint sttomeys in and owt of Court. The {irst alternate shall replace the
principal in case of his absence or of temporal or definitive impedimenc.
The same rule will apply when the second slternate represenmtive iy to
replace lhe first one. or when the third is to replace the first or second

imeent

in their

entErbe 'r‘tq*uence by the

principal, lh:ﬁmnrmnnddmdependmgnnuu.andlhem

fact or its exercise will suffice. The exercise of the representation by the
firsz, second or third alternates in their turn shall end st such time.

In addition, we grant a Power of Attarney in favor of the above-named
attorneys-at-law so thit they mey obtain the protection of my (our)
industrial property and against the unfair competition, for which purpase |
(we) authorize the said sttomeys tw represent me (us) before any
suthorities or persons, with or without jurisdiction, specially those
administrative, sdministrative contentious and judicial, as well as before
Arbitration Courr, in all matters conceming the following: a) Obminment
of petents, wility models and industrial designs; the regismstion of



a4

diseflos industrisles: "¢l regisro de marcs de Gbrica, colectivas,
defensivas, de servicio, lemes comercinles, nombres comerciales,
enseflas, nombres de dominio, variedades vegetales y denaminaciones de
origen; su renovecidn, traspaso, cambio de nombre o domicilio,
cancelacién volunmaria; y el registro de licencias de uso de esos dercchos;
b) Las acciones de competencis desleal, proweecidn de! consumidor,
opdsiciones u observaciones, cancelacidn - sdministrativa o judicial,
nulidad, medidas cautelares, concesidn de licencias, Ia mela, la
proteccidn de secretos industrisles, y en genenal los juicios civiles,
penales, administrativos o contencioso-administrativos relscionadas con
citos derechos; acciones y procesos que promovamas @ ¢ nos
promuevan Y para que en todos los asuntos arriba determinados, puedan
sustituir este mandato, transigir, concilior, admitir los hechos del
proceso, desistir, cancelar, recibir, renunciar, y ratificar los actos de
agentey oficiosos.
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u-.:dmrh, polle:twe, d:ﬁmswe and lu'w.'c n-rh. slogang, numie&ul .
names, tade cmblems, dommin names, vegenl varieties and
denominations of origin; its renewal, luipu'nnt." change of rame or
domicile, voluntary cancellation; and the registration of licenses of use of
the above rights: b} Actions of unfaif competition, protection ™ the
consumer, oppositions or observatons, sdministrative or Court
cancellntion, nullity, infringement, granting of licenses, the action for writ
mundamus, the protection of trade secrers, and in genernl the civil, penal,
and administrative suits relazing o those rights; actions and suits institued
by me (us) or againgt me (us). And that in all the above matters chey may
substitute this Power of Attomey, compromise, conciliate, admit the facts
of the case, desist, cancel, receive, resign, and ratify scts done by
representatives without a power of atorney. )
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T - -.- . CERT[I"IC ADO NOTARIAL ﬂNblVIDUO) . NOTARIAL CERTIFICATE (INDIVIDUAL)
" o %ﬁ
"Alos dias del mes de On this day of
de 200____ ante mi, Notario Pitblico o Funcionario Autorizado 200___ before me, a Notary Public or Anesting Officiel of___
- de
comparecid(eron) personalmente personally sppeared
" 8 quien(es) doy fe de conocer y me consta que es(son) la(s) to me known, and known to me to be the person(s) who
persona(s) firmante(s) del documento que precede, y quien(es) executed that foregoing document, snd who has(hnve) legnl

tiene(n) capacidad legal para otorgarlo capacity ta execute it

Notario Piiblico o Fuacionario Autorizado —Notary Public or Attesting Oficial

CERTIFICADO NOTARIAL (SOCIEDAD) NOTARIAL CERTIFICATE (CORPORATION)
Hoy ¥ de P00 ) de200| | Onthis {Ruw day of . MN\au, 200_4
Comparecié(eron) ante mi guvd before me
ewnvis Q. Hoesnes N

quien(es) conozco personalmente y que firma(n) este who({m) I know personally and who(m) signed this documnent as
documento en resentacién de la  Sociedad/compaitia representative(s) of the Corporation/Company named

denpminada _ MONSANTO TECHNOLOGY LLC ——— MONSANTO TECHNOLOARY-I1C
.ertiﬁ:o: ' I centify:
1.  Que he visto los siguientes documentos: * 1.  That! have seen the following documents:*
Accdén de miembro Unico, firmada Action of Sale Member, signed in
;g 33131: Louis, Missouri el St, Louis, Missour! on March 15, 2601
2. Que, dichos documentos prucban lo siguiente: 2. .. .That the above documenty duly prove the following:
2.1. Que MONSANTO TECHNOLO&Y LLC ‘ 2.1. That MONSANTO TECHNOLOGY: LLC
es una Sociedad/Compadia Imente constituida y existente is 2 Corporation/Company legally constituted and in existence
dElcuerdo:on las leyes de | Estado de Delamare, in accordance with the laws _of the Stite of Pelaware,
stados Unidos de AmErica, Iln'lted States- of Ameﬂca
2.2. Que ¢l domicilip de dicha Sociedsd/Corpaiia s 22, Tharthe domicile of seblCogats e

00 North Lindbergh Doulevard, St.” BDO North. L‘lnd u

o outs Missour » Estados UnTdos
rica, ; of America.

2.3. Que 2l objen u objetos para los cuales se otorga el presente |  2.3. 11ut'-the purpose or.
poder estin comprendidos dentro del objeto social de la of Attorney is.granted are

§ as 0 i

" mencionada Sociedad/Compa#ia. purposes set forth in E! °§ﬁ!°~‘m &
Corporation/Company!
2.4. Que el(los) Sr.(Sres.) 2.4. That Mr.(Messrs. e
] Dennis R. Ho r, ., President | .
esti(n) autorizado(s) para otorgar el presente Poder. is{are) authorized to grant the present Power of Attomey. !
Ciudad _ 5. {AWI1S Ciy S« Louwss
Estado {41650 ][.I £.U.A State N\ isnows, LS

Hoy 1P cle MICH de200t | Tmis_ \Qan  ceyof N\g( 2003

Notario Piiblico o Funcionario Autorizado - Notery Public or Attesting Oficial

A LORENZ

TRADUCCION No.: /H: oslol mmm
= -nom:smumnr.dmmmmam

lnglél - Espafat - Inglie
Res. No. 2879 Min. Justicia

CAVELIER ABOGAD S
WPPODEO!-193 (MINUTA 12.1.1.2.9.5 USA)
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TRADUCCION OFICIAL No. 14.06/01 preparada por Marfa Elvira
Martelo, traductora oficial aprobada por el Ministerio de
Justicia mediante Resolucidén No. 2879 de 1995 y reconocida por

el Ministerio de Relaciones Exteriores.

(A continuacién se traducen los sellos y legalizaciones de un
documento de Representacién, Ratificacién y Poder escrito en
inglés vy espailol, por el cual MONSANTO TECHNOLOGY LLC,
domiciliada en 800 North Lindbergh Boulevard, St. Louis,
Missouri 63167, Estados Unidos de América, ratifica la
solicitud de patente No. 01038451 presentada por Emilio FERRERO
el 15 de mayo de 2001 ante la Superintendencia de Industria y
Comercio y otorga poder a EMILIO FERRERO, GONZALO PERDOMO, LUZ
CLEMENCIA DE PAEZ Y GERMAN CAVELIER). Dado y firmado el 21 de
mayo de 2001 en St. Louis, MO, por Dennis R. Hoerner, Jr.
(Firma 1legible).

CERIIFICAﬁo NOTARIAL (SOCIEDAD) en inglés y espaflol referente a
la existencia legal de MONSANTO TECHNOLOGY LLC. Dado en la

ciudad de St. Louis, Estado de Missouri, el 18 de mayo de 2001.

(Firma) Judith A. Lorenz, Notario Pdblico. Sesnotarial en
N

o, o WRETAR OUR 312 Comas
tinta) JUDITH A. LORENZ, Notario Piblico, Eswadsiic? iy

Condado de St. Louis, Mi comisién expira e

2003. (Sello seco de Judith A. Lorenz, Notafiowaidallcretas; i

APOSTILLA
(Convencién de La Haya del 5 de octubre de 1961)

1. Pais: Estados Unidos de América



o

~ Este documento pfblico
2. Ha sido firmado por JUDITH A. LORENZ
3. Actuando én su capacidad de NOTARIO PUBLICO

4. Lleva el sello/timbre de JUDITH A. LORENZ, NOTARIO PGBLICO,

-

ESTADO,DE MISSOURI
;'- . ':-',:.'.'q..:: '-l - et CERTIFI , -O-.o

5. En Jefferson City, Missouri.

' . ; - E .: et R
6. el 29 de"mayo’de 2001
7. Por Matt' ﬁ_]:un_t"',- Secretario de Estadé, Estado de Missouri.

8. No. 63158. .
" . F LY

‘. - .-" - E
9. s'?.llo: Sello del Secretario de-Estado,*Missouri.
LR R
10. Firma: (Firma) Matt Blunt.
¥

Es traduccién fiel y completa de la cual se deja copia en esta

oficina para su confrontacién.

I

WPC 12746-801-001-3 . A
' ' ’ MARIA ELVIFA MARTELO
ID 3 Traductora @ Interprete Oficial
lagiés - Espofiol — Inglés
Rea. No. 2679 Min. Justicia
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United States Patent and Trademark Office 5
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THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM ?’
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK ‘
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT \

Hi  APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
il  FILING DATE UNDER 35 USC 111. "
W  APPLICATION NUMBER: 60/204,367 »

%8  FILING DATE: May I5, 2000

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

A Ctobe

L. EDELEN
Certifying Officer
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38-21(51932)a
PFractitioner’s Docket Me. (51932) PATENYT

N THE UNITED STATES PATENT AND TRADBMARK OFFICH
In re applcation of: Isaac et al.

For Polypeptide Compositions Toxic to Anthonomus Insects,

Box Fovieionss Hoant Repiestion

Assistant Comwmnisasloner for Patants
Washington, D.C. 20231

COVER SHEET FOR FILING PROVISIONAL AFPLICATION
(37 CFR. § 1.51(cX1)

WARNING: “A provisional applicetion must aisg inchsde the covar shest mauired by § 1.516)(1) or a covor

NOTE “A compiaty provisianel sppiication doss not mquire claime aince ne exarninstion on the merlis will be
given to a provisionsl sppiicetion. However, provisional sppiicstions mey be fiad with one or mare clalms
& part of the appiication. Neverthelsss, no additionel claim fes or mulipls depenchnt clsims fee Wi
be recaired in a provisionsl application.” Notice of Dacernber 8, 1804, 50 FR 63951, at 63953,
“Any claim fiad' with & provisionl appiication wif, of course, be comaidlered part of the ariginel provisions!
appliostion cisclomwe.” Notice of April 14, 1855, 60 Fed. Ang. 20,195, at 20,208,

NOTE “A provisionsl appiication ls not antitied to the right of pdority under 38 UB.C. 110 or 305k or § 1.55,
or io the baneit of an earlier fling date under 35 U.B.C. 120, 121 or 35843 or § 1.78 of any other
appiication. No clsim for priorly under § 1.784)%) may be mads In & design applicaion based on 8
provisional sppiicalion. No requast under § 1.203 for a sisiultey invention mgisirstion may be lled in
nmmmmds 1.821 dwouph 1,885 sepuarcing sppiinstion disclonres
mmmw-ﬁmnmu-ﬂthﬂ'ﬂ

15350

NOTE: “No informsfion disclomam stetement may be e in a provisionsl application.” 37 C.F.R § 1.814). -

“Any informstion dizciosure sizternents fled in a provisional applicetion would aither be retumed or
disposed of at the comaniance of the Offfice.” Notics of Decamber &, 1904, 53 AR 63591, at 63504

) OERTIFICATION UNDER 37 CFR. 1.10°
(Exprass Afsll labal uunber Is
(Express Mal certification ks optionsi)

1 haraby cortily that this correspondencs and the doouments releTed 19 a8 stinchad tharein are baing daposited
mumhmmmMMhmm
POBT OFFICE TO ADDREBSEE" sarvics under 37 C.F.R. 1.10, Maling Labal Number
addresesd 1o the: Assistart Commissionar for Patants, Washington, 0.C. 20831,

Timothy K. Ball

{vpa or print pamon

Sligrture of maling paper

WARNING: Cortificste of maliing (first cixss) or iaceimile tranerission prooscres of 37 C.F.R. 1.8 carmot ba
used fo cbtsin & duie of maling or ransmigsion for thiy comespondenca.

"WARNNG: Each paper or fes Siad by "Express Mal™ maasi heve the number of the “Expraza Mall® maling lshel
placed thewon prior to meling. 37 C.F.A 1.708).
“Since the Ming of corresponcence under § 1.10 without the Express Mall maling lahel thereon
is an oversight that can be avoidied by the exercise of ressonshio care, sty for walver of this
ngquiremant wil net be grantad on petition, * Notios of Oct. 24, 1998, 80 Fad. Rog. 80,431, at 58442

{Cover Shost for Fling Provisional Appication [Z3-T]—-page 1 of §
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1.

NOTE: "No sowendmast ofher Ymn 1o mple the provisionsl spplication eamply with the petant statute and aff

appiicable reguistions muy be cxde fo the provisional spplication ater $a iog deis of the provisionsl
spplication.* 37 CFAR. § 1.5%).

WARNING: A provisionsl sppilication mey be sbandaned by eparation of 35 LULB.C. 71143 on s Ssturchy,

Suncley, or Feden! haliey within the District of Culumbis, in which cass, 8 nonprovisional
spplication claiming benelit of the provisional sppiicalion undr 35 US.C. 1788 must be Bled no
istur fhar the prececing dey that B not & Baturcly, Sundiy , or Fedorl Rolidsy wittdn e Disvict
of Cokunbla. Nolioe of Apsll 14, 1895, 60 Fed. Reg. 20,785 af 20,009,

This Is a requast for fiing a PROVIBIONAL APPLICATION FOR PATENT under 37 CFR
§ 1.5%cKN0.

1. The following comprises the information required by 37 CFR. § 151cX1:
2. The namels) of the nventorts) is/are (37 C.F.A. § 1.51((1E

NOTE

“F the cormct invenior or imeniors are nol named on @ling & provisonsl applicetion without 8 cover
shest unchr § 1.154XT), the later subrnission of a coser shest under § 1.155(Y) chring the pandanay
of the appiication will act © covect the eardiar identiication of imentoralip.” 37 C.PR. § 1.0

"The reming of invensors for abinining & Siing dele for & provisionsl sppiication & the same a3 or other
applioations. A provisiorsl sppiivetion filsd with the lnveniors kieniiisd 2 "Jonse ot al.® willl not be
accorded & Bing dale exiller than the dale upon wisch 1he neme of each Ivenior b spplied unfass
4 poiiion: with the fow st forth in § 1.17) e Sed wiich ssts forth Vs ressons the daliy iy supplying
the nemun ahould be exxxsed. Adminisiraiive oversigiet is an scceptahle ressoa. & should be roted
that fora 38 U.S.C, 171§ appiicetion 10 be antitied to chin the beneik of the fing dute of & provisiong!
appliostion the 38 ULR.C. 1T1RL] spplicalion axmt have ot lsast one nvarior in common with the
provisionsl application.” Notice of Aprll 14, 1998, 80 Fad Feg. 20,1835, &t 20,909.

The sen “Imantion” &k gpiosly wsed 0 el i subjact matier wiich spplioent & clsiming in hisfher
appliasiion, Becmsse chims sre not recuived in & provisional spplioation, & would not be appropriske
o relarenos joint inveritors as B witd heve mady & contribution 1 1he “Iveniion” diaciosad In the
provisionsl sppliostion. ¥ the “Tnventan” has not been delernined in ¥ provisionsl spplicetion becacse
no clakny have been pribeind, than the nemef) of those personfs) who have mudle & contribetion
o the sulject matier dieclossd in the provisionsl spplioation shoelkd be sbmitied. Ssction 1.434) stalve
that “¥ ritiple ivventors ars ramed in a provisiorssl sppiication, sach named ivwentor suust fave mads

& canivibution, indivicially or jolntly, io the subject metter diaciossd it the provisionel spplication.” Al
thet § 1.48%) mquies b thet ¥ sormeane is named as an imvanicr, thel person rst have mads &
contibution to the subject rulter dieciosed in the provialonal applicziion. Whan applfcant has
datesnined what the hnveniion ks by the flog of the 33 US.C. 171 appiication, thal I the tima whan
he conrect invensiors meast be naecl. The 38 LLE.C. 1718) appiicetion must have an lsverior it common
with the provisianal appiication b order for the 35 US.C. 111f) appiication to be enfiied 10 claivm the
munmwmuu&c T10f). Notics of Aprill 14, 1085, 80 Fad. Fng.

- X208

S 7CFA § 152

Barbara G. Isaac,

GIVEM NAME MIDOLE INITIAL OR NAME PAMLY (DR LAST) NAME
Elysia K. Joyce

QIVEN NAME MIDDLE INITIAL OR NAME FAMILY (OR LAST) NAME
Anne-Marie Light Mettus

GIVEN NAME MIDOLE INITIAL OR NAME FAMILY [OR LAST) NAME

{Cover Shoat for Fliing Provisionsl Applioation (23-}—page 2 of §)
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3. Residence addrass{es) of the inventor(s), aa numbered above (37 C.F.R § 1.51c)(1)®):
1. _St. Charles, Missouri

2. Kirkwood, Missourl

. asterville, Pennsylvania

4. The titla of ths Invention is (37 C.F.R. § 1.61(cT)iv]):
Polypeptide Cmposit:lona Toxic to Anthonomus Insaects, .,
and Methods of Use

& The name, registration, customer and telephone numbers of the prctitioner §f eppiice-
ble) s 37 CFRA § 1.51{0)(THv):

Nams of practitioner; _Timothy K, Ball

Reg. No, 42,287 TeL(636) 732=7387
Customer No.

(complate the following, I appiicable)
] A power of attornay accompsnies this cover sheet.
8. The doolast rumber used to idanitly this appliication s (7 CFR. § 1.51)(1) v

7. The comesporndiance ackireaa for this appilication ls 37 C.F.R. § 1.51({cK1)vil:

Gail Wuellner, Mﬂ&_mummﬂzpmuo
800 North Lindbergh, Mail Zons EZNA. St. Tanig 63167

8. m-bmmmmwmwdnuam
or under contract with an agenoy of the U.S. Governmant.
87 CFR § 1.516)1)Xvil)

This invention was made by an aganay of the United States Govemnmant, or under
confract with an agency of the Unlted Statss Govemmant.
No.
O Yes

The nene of the LLA. Governmant agency and the Govemment contract number
e

{Cover Sheet for Fllng Provisional Appiication [23-1]—page 3 of §



9. Kkiantification of documents accompanying this cover sheet
A. Documents required by 37 CF.R. §§ 1.51(ci2-(3):

Specification: No. of pages _B&__

Drawings: No. ot sheats 0
B. Additional documents:

Claims: No. of ctaims ___3

Not: Ses 37 CFR. § 1.51.
O Power of attomey
0 Smal entity statement
O Assignment
(@ Other Bequence Listing

NOTE: Provisionsl spplications may be Sod in & ngemga other then English a3 sst forth In exhiing § 1.50k).
However, an English lengamge transistion i necstaary for sacesity ecreening purposss. Tharekom, the
PTO wil ecquive the English langusge transistion and peymant of s fes massdated in § 15040 in e
provisionsl sppiication. Falkew K0 tnoly submikt the treslstion in mepanss (o & PTO agineent ol
ot in the shandernnunt of the provislors! sppiication. ¥ g 35 U.8.C. 711} sppliastion is Sed wilfuxst
provicing itm English hngmge tranaintion in the previsionsl spplicetion, the Englah langsge farsistion
will be requived 0 be mpplied in svery 33 LLA.C. 111(x) appiicalion claiming priority of the man-Engllsle
language provisionsl appiicasion. Notios of Aprl 14, 1085, 60 Fod. Rep. 20,108, at 20.200,

10. Fee
The filing fee for thia provisional application, as set in 37 C.FR § 1.16(¢, Is $150.00,
for other than a smafl entity, and $75.00, for a small entlty.
0O Applicant is a amall entity.

NOTE: "A. . .stelsment in carpliance with misting § 127 ks requirec! in be flad i each provisional spplication
& which & & deaired to pay rediced fess.” Notios of Aprdl 14, 1008, 80 Fed. Fag. 20,758, =t 10, 707.

11. Smail antlly statament

0 The statemeni(s) thet this Is a fiing by a small entity under 37 CF.R. §§ 1.9
end 127 lsiare) attachad.

12. Fee paymant
@ Fee payment inthe amount of $_150:00 3 being made st this tme.

O No filing fea Is 1 be paki at this time, (This and the surcharge required by 37
G.F.R. 1.16() can be paid subsacuently).

{Cover Ghest For Fling Peovisional Application [23-1)—page 4 of §



13. Method of fee payment
O Check in the amount of §
3 ChargeAcoountNo. 13=4125 i1 ¢the smountorg_150-00
A duplicate of this Cover Sheet Is attached.

Oate ‘
Te:( ..} Signature of submitier
5 ()
Signature of pracBioner
omec D ~ 15 -00 Timothy K. Ball
(ype or print name of practiioner)
Pog. Mz 12,287 DSBS L. CRTRPE A %ay moren
Tel:( 636) 737-7387 . —— e
one BB4F

Customer No.: Chesterfield, Mipsouri 63198

{Cover Shast Fer Fling Provislonal Application [X3-1}—page 8 of §
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PROVISIONAL APPLICATION COVER SHEET
Additional Page

Appeyund for wne VN OME
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Farhad Moshiri Chesterfleld, Missouri
Sakuntala Sivnaupramanﬂhm Chesterfield, Missouri
Number oo 1

{Provisional Application Cover Shest (PTO/88/18) [23-1.2]—page 1 of 1)
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PROVIEIONAL APPLICATION IN THE UNITED STATES PATENT OFFICE
PFOR
POLYPEPTIDE COMPOSITIONS TOXIC TO ANTHONOMLS INSECTS, AND METHODS OF USE

BY
BAuBARA G. ISAAC,
ELySA K. JOYCE,
(n ANNE-MARIEE LiGHT METTUS,
;53 FARBAD MOSHIRI,
;! AND
Ll.-l SAKINTALA SIVASUPRAMANIAM
A
“d
|
[
Lh
[
L CERTIFICATE OF EXPRESS MAILING

3 NUMBER: EMS72390278US

DATE OF DEPOSIT: May 15, 2000
1 hereby centify that this paper or foo is being depesited with the United States
Poatal Service "EXPRESS MAIL POST OFFICE TO ADDRESSEE” sarvica

uder 37 CF.R. 1.10 an the date jndi shove and Iy addressed to:
Asslstant Commissioner for 'Washi DC 20231.

Timotry K. Ball
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10 BACKGROUND OF THE INVENTION
1.1 IFXELD OF THE INVENTION

The present invention relatss gemernlly to the fields of molecular biclogy.
Bacillus thuringiensis for use in insecticidal formulations and the development of transgenic
insect-resistant plants are provided. Novel mcleic acids obtained from Bactllus tniringiensis
that envode coleopteran-toxic polypeptides are disclosed. Various methods for making and
uaing these ouoleic acids, synthetically modified DNA soquences encoding tIC851
polypeptides, and native and synthetic polypeptide compositions are also disclosed. The use
of DNA sequences as diagnostic probes and templates for protein synthesis, and the use of
polypeptides, fosion proteins, sntibodies, snd peptide frugments in various insecticidal,
immunological, and diagnostic applications are also disclosed, as are methods of making and
using mcleic acid sequences in the development of transgenic plant cells comprising the
polynocleotides.

12 DESCRIFTION OF THE RELATED ART

Environmentally-sensitive methods for coatrolling or emdicating imsect
infostation aro desirable in many instances, in particalsr when crops of commercial interest
aro at issue. The most widely used emvironmentally-sensitive insecticidal formulations
developed in recent yoars have been compased of microbial pestioldes derived from the
bacterivm Bacilhus thuringiensis. B. thuringlensis is well known in the wrt, and is
characterized morphologically as a Gram-positive bacterium that produces crystal proteins or
inclusion bodies which are aggregations of proteins specifically txic $o certain orders and
species of insects. Many different straine of B. thuringfansis have been shown to produce
insecticidal crystal proteins. Compositions including B, thurtaglewsis strains which prodoce
insecticidal protzine have been commercially-availsble and used sy environmentally-
acceptable insecticides becsuse they are quite toxic to the specific targst insect, but are
barmlcss to plants and other non-targeted organisms,

There are seversl toxin categories establishod based on primary structure

- information and the degree of toxin similerities to another. Over the past decade research on

the structure and function of B. tharinglensis taxins has covered all of the major toxin
categories, and while these toxins differ in specific structure and function, general
similaritios in the structnre and fonction are agsumed. Based on the accomulated knowiedge
of B. thuringiensis toxins, a generalized mode of action for B, thuringlensis taxins has beon
cremted and includes: ingestion by the insect, solubilimtion in the Insect midgut (a
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combination stomach and small intestine), resistance to digestive enzymes sometimes with
partial digestion actually “sctivating” the toxin, binding to the midgut cells, formation of &
pore in the ingect cells and the disruption of cellular homeostasis (English and Slatin, 1992).

Many of the 5-endotoxips are related o various degrees by similarities in their amino
acid sequences, Historically, the proteins and the genes which encode them were classified
based largely upon their spectrum of insecticidal activity. The revicw by Schnepfet al.
(Microbiol. Mol. Biol. Rev. (1998) 62:775-806) discusscs the genes and proteins that wero
identified in B. thringfensis prior to 1998, and sets forth the most recent nomenclsture and
classification scheme as applied to B. tharinglensis insecticidal genes and proteins. Using
older nomenclature classification schemes, cryl genes were desmed to encode lepidoptoran-
toxic Cryl proteins, cry2 genes were deemed to encode Cry2 proteins taxic to both
lepidopterans and dipterans, cry3 genes were demed 10 encode coleopteran-toxic Cry3
proteins, mnd ¢z)4 genes were deemed to encods dipteran-toxic Cry4 proteins. However,
new nomenclature systematically classifies the Cry proteins besed npon amino acid sequence
homalogy rather than upon insect target specificitias. The classification scheme for many
known toxins, not including allelic varintions in individual proteins, including dendograms
and fuall Bactlfux thuringiensis toxin lists is summarized and regulecdy updated at
bitp://epunix.biols.susx.ac uk/Home/Neil_Crickmore/Bt/index.html

Most of the noarly 200 Bt crystsl protein toxing presently known have some

degreo of lepidoptoran activity amocisted with them. The large majority of Bacillus - -

thuringiensis insecticidal proteins which have been identified do not have coleoptersn
controlling activity. Therefore, it is particularly important at least for commercial purposes
to identify additional coleopteran specific insecticidal proteins.

Cry3 protoins genonally display coleoptaran activity, howover, those gencrally
have limited host renge specificity and are not significantly toxic to terget pests unless
ingested in very high doses. The cloning and expression of the cry3Bb geno has been
described (Donovan ef af., 1992). This gene codes for a protein of 74 kDa with activity
against Coleopteran insects, particularly the Colorado poteto beetle (CPB) and the southem
com root worm (SCRW). Improved Cry3Bb proteins have been engineered which display
increased toxicity at the same or lower doses than the wild type protein (US Patent Serial No.
6,023,013; Feb. 8, 2000).

A B. thnrringlensis strain, PS201T6, was reported to have activity against WCRW
(Diabrotica virgifera virgifera) (U. S. Patent No. 5,436,002). This strain also had activity
eguinst Musca domestica, Aedar aegyprl, and Liriomyza trifoli. The vipid gone, which
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produces e vegatative, soluble, insecticidal protein, has been cloned and sequenced (Intl. Pat.
Appl. Pub. No. WO 96/10083, 1996). This gene produces a protein of spproximately $0 kDa
with activity against both WCRW and Northern Corn Root Worm (NCRW). Another toxin
protein with activity against coleoptaran insects, inclding WCRW, is Crylla, an 81-kDe
polypeptide, the gene encoding which has been cloned and sequenced (Intl. Pat. Appl. Pub.
No. WO 90/13651, 1990).

b SUMMARY OF THE INVENTION

The polypoptide of the present invention and the novel DNA sequences that
encode the protein ropresent a new B. thuringisnsis crysial protein and gene, and share only
endotoxing described in the prior art.  Similarly, the B. thsringlensis strains of the present
invention comprise novel gene sequences that express a polypeptide baving insecticidat
activity against coleopteran insects, the cotton boll weovil {(Amthomomus grandis Bobeman) in

Disclosed and claimed berein i3 an isolated Bacillus ffaeringiensis S-ondotoxin
polypeptide comprising SEQ D NO:8. The inventors have identified an insacticidally-active
polypeptide comprising the 632 amino acid long sequence of SEQ ID NO:8 which displays
insecticidal activity against coleoptoran insects. For example, the inventors have shown that a
S-sndotoxin polypeptide comprising the sequence of SBEQ ID NO:8 has insecticidal activity
against boll weevil larvas (BWV), but not against western corn rootworm larvee,

The polypeptideof SEQ ID NO:8 is encoded by a aucleic acid segment corprising
at Jeast the open reading frame as shown in SBEQ ID NO-7 from nucleotide position 28 through
formulations that comprise sech a polypeptide. Such composition may be a cell extract, cell
saspension, cell hamogenate, cell lysate, cell supematant, ceil filtrate, or cell pellet of &
bacteria cell that comprises a polynuclactide that encodes such a polypeptide. Exemplary
beoterial cells that produce such a polypeptide include Bacilluy tinringiensis EG4135 snd
EG4268, deposited with NRRL respectively on April 28, 2000. The composition as
described in detail below may be formulated as a powder, dust, pellet, granulo, spray,
emulsion, colloid, solution, or such like, and may be preparable by such conventional mesns
s desiccation, lyophilizstion, homogenization, extraction, filtration, centrifugation,
sodimentation, or concantration of & culture of cells comprising the polypeptide. Preferably
such compositions are obtsinsble from cultures of Bacilius tneringiensis EG4135 and
EGA4268 cells. In all such compositions that contain st least ome such insecticidal
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polypeptida, the polypeptide may be present in a concentration of from about 0.001% to
about 99% by weight.

An exemplary insecticidal polypeptide formulation may be prepared by a process
comprising the steps of culturing Bactlfus tharingiensis EG4135 and EG4268 cells under
conditions effective to produce the insectickial polypeptide; and obtaining the insccticidat
polypeptide so produced.

For example, the invention discloses and claims a method of preparing & 8-
endotoxin polypeptide having insecticidal activity against a coleopteran insect. The method
genenally involves isolsting from a culture of Bacilha tneringiensis EG4135 and EG4268
produced by the cells. Such polypoptides may be isolated from the cell culture or
supemnatant or from spore suspensions derived from the cell culture and used in the native
form, or may be otherwise pwrified or concentrated as appropriate for the particular

A method of controlling a coleopteran insect population is also provided by the
effective amount of a polypeptide comprising the amine acid sequence of SEQ ID NO:&.
Such methods may be used to kill or reduce the numbers of coleopterzn insects in s given

. area, or may be prophylactically applied to an environmental area to prevent infesaation by &

smcoptible insect. Prefershly the Insect ingests, or is contacted with, an insecticidally-
effective amount of the polypeptide.

Additionally, the invention provides a purified antibody that specifically binds to
tho insecticidal polypeptide. Also provided are methods of prepering such an antibody, and
methods for using the antibody to isolate, identify, charecterize, and/or purify polypeptides to
which such an antibody specifically binds. Immunological kits and immumodetection
methods usef] in the identification of such polypeptides and peptide fragments and/or
epitopes thereof are provided in detail harein, and also represent important aspects of the
presant ivention.

Such antibodies mey be used %0 detect the presence of such polypeptides in &
sample, or may be used as describad bereinbelow in a variety of inununological methods.
An exemplary method for detecting a 3-endotoxin polypeptide in a biological sample
genenully involves obtaining a biological ssmple suspected of containing & S-endotoxin
polypeptide; contacting the sample with en antibody that specifically binds to the
polypeptids, under conditions effactive to allow the formation of complexes; and detecting
the complexas 50 formod.
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For such methods, the invention slso provides an immonodstection kit Such a
kit penerally containg, in suitsble contsiner means, an antibody that binds to the 3-eadotoxin
polypeptide, and at least a first immunodetection reagent. Optionally, the kit may provide
addiﬁuﬂmuwimmﬁuuﬁrﬁu%nmwhhmdﬁm
polypeptides in a sample.

Preparation of such antibodies may be achieved using the disclosed polypeptide as
an sntigen in an snimal as described below. Antigenic epitopes, shorter peptides, peptide
fusions, carrier-linked peptide fragments, and the like may also be generxted from a whole or a
portion of the polypeptide sequence disclosed in SEQ ID NO:8. Purticulsriy preferrod peptides
are thase that comprise at least 10 contignous amino acids from the seqoence disclosed in SEQ
IDNO:S.

In another smbodiment, the pressnt invention siso provides mucieic acld
segmonts thet comprise a welocted muoleotido ssquence region that comprises the
polynuclotide saquence of SBQ ID NO:7. In preferred embodiments, this selected sucleotide
sequence region comprises 2 gene that encodes a polypeptide comprising at least SEQ ID
NO:8.

Another aspect of the invention relstes to a biologicalty-pure culture of s wild-
type B. thiringisnsis becterium selected from the streins EG4135 and EG4268, deposited on
April 28, 2000 with the Agricultura] Research Culture Collection, Northem Regional
Rescarch Laboratory (NRRL), Peorls, Illinois. Also deposited was struin siC8501 which is
an E coli DH5a contmining plasmid piC17501 which contains at least the native B
tnrringiensis strain BG4135 11C851 coding sequence. These strains were deposited onder the
terms of the Budapest Treaty, and viability statements purnsnt to International Receipt Form
BP/4 were obteined.  B. rhwringiensis straing EG4135 and EG4268 are naturaliy-occurring
strains that cootain at least cne sequence region encoding the 632 smino scid long
polypeptide sequence in SEQ ID NO:8.

A further embodiment of the invention relates to a vector comprising & sequence
mgion that encodes a polypeptide comprising the amino acid sequeace of SEQ ID NO:8, s
recornbinant host cell tensformed with soch a recombineat vector, and biologically-pure
caltures of recombinant bacteria transformed with a polynucleotide sequence that encodes
the polypoptide disclosed in SEQ ID NO:8. Excmplary vectors, recombinant host cells,
transgenic cell lines, and transgenic plants comprising at least & first sequence rogion that
encodes a polypeptide comprising the sequence of SEQ ID NO:8 are described in detail
herein. )
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The prosent invention also provides transformed host cells, embryonic plant
tissuo, plant calli, plantlets, and transgenic plants that comprise a seleceted sequence region
that encodes the insecticidal polypeptide. Such cells are preferably proksryotie or evkaryotic
celis such as bacterial, fangal, or plant cells, with exemplary bacterial cells inoluding Bacilhs
thuringiensis, Bacilhe sublilis, Bacilluz megoterium, Bacillus cerexs, Escherickia, Salmonella,
Agrobacterism or Psesdomonas cells.

The piants snd plant host cells are prefembly monocotyledonous or
dicotyledonous plant cells such as corn, wheat, soybean, ost, cotton, rice, rye, sorghum,
sugarcane, tomato, tobacco, kapok, fixx, potato, berfey, turf gmss, pasture grasa, berry, fivit,
logume, vegotabla, cmamental plant, shrizh, cactus, succulent, snd treo cell,

Transgenic plants of the present invention preferably have incorparated Into their
genome or tranaformed fnto their chiaroplast or plastid genomes a selectad polynucleotide (or
“trensgene™), that comprises at least & first sequence region that encodes the insecticidal
polypeptide of SEQ ID NO:8. Transgenic plants sre also meant to comprise progeny
(decendant, offapring, eic.) of mny generstion of such a transgenic plant. A sved of any
peneration of all such transgenic insect-resistant plants wherein suid sced comprises a8 DNA
sequence encoding the polypeptide of the present invention is also an importent aspect of the
invention.

Inscct resistant, cromsed fertile transgenic plants comprising a transgene that
encodos the polypeptide of SEQ ID NO:3 may be prepared by a method that generally
involves obinining & festile transgenic piant that contains a chromosomally incocporated
tranagene encoding the insscticidal polypeptide of SEQ ID NO:8; operably linked o a
promoter active in the plant; crossing the festile transgenic plant with a sscond plant lacking
the transgene to obtain a third plant comprising the transgens; and backerossing the thind
plant to obtnin a backcrossed fertife plant. In such osses, the transgene may be inherited
through a male parent or throngh a famale parent. The second piant may be an inbred, and
the third plant may be a hybrid.

Likewiss, an insect resistant hybrid, transgenic plant mey be prepared by a
method that generslly involves crossing a first and a second inbred plant, whorein one or both
of the first and second inbred plants comprises a chromosomally incorporated transgene that
encodes the polypeptide of SEQ 1D NO:8 operably linked to a plam expressible promotar
that expresses the transgene. In ilhntrative embodiments, the first and second inbred plants
Toay be monocot plants selected from the group consisting of: com, whest, rics, bariey, cuts,
rye, sorghum, turfgrass and sugarcane.
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In related embodiment, the invention also provides a method of preparing an
insect resistant plant. The muthod generally involves contacting & recipicnt plant cell with &
DNA composition comprising at least s first transgene that ecncodes the polypeptide of SEQ
ID NO:8 under conditions pemitting the upiske of the DNA composition; selecting a
reciplent cell comprising a chromosomally imcorporated transgene that encodes the
polypeptide; regemerating a plant from the selected cell; and identifying a fertile tranagemic
plant that has enhanced inscct resistence relative to the corresponding non-transformed plant.

A method of producing tranagenic seed generally involves obtaining & fertile
transgenic plant comprizsing a ohromosomally integrated transgene that encodes a
polypeptide comprising the amino acid sequence of SEQ ID NO:8, operably linked to a
promoter that expresses the tranggene in a plant; and growing the plant under appropriate
canditions to prodace the transgenlc soud.

A method of producing progecy of any genemtion of sn insect resistance-
enhanced fertile transgenic plant is also provided by the invention. The method generally
involves collecting transgenic seed from a transgenic plant comprising a chramosomally
integrated transgene that encodes the polypeptide of SEQ ID NO:8, operably linked to a
promoter that expresses the transgane in the plant; planting the coliected transgenic seed; and
growing the progeny tranagsnic planty from the seod.

Theso methods for creating transgenic plants, progeny and seed may involve
contacting the plant cell with the DNA composition using cae of the processes well-known
for plant coll transformation such as microprojectile bombardment, electroporation or

- Agrobacteriwn-mediated transformation.

An exemplary method disclosed harvin provides for protecting s plant from
catton boll weevil infeststion comprising providing to a boll weevil In its diet a plant
transformed to express a protein toxic to sxid weevil wherein aaid protein is expressed in
sufficient amounts to coatrol boll weevil infostation and wherein said protein is selected from
the gronp comsisting of Cry22Aa, ET70, and tiC851. In a further embodiment of this
msthod, a plant expressing two or more of these proteins for the purpose of reducing boll
weevil infiestation is contempiaied, in particular for reducing the development of races of boll
woevils resistant to amy of these proteins.

These and other embodiments of the present imvention will be zppareat to those
of skill in the art from the following examples and claims, having benefit of the toechings of
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21 C851 POLYNUCLEOTIDE SEQUENCES

The present invention provides polynucleotide sequences that can be isolsted
from Bacillus deuwringlensis straina, that are fres from total genomic DNA, and that encode
proteins, or peptide fimgments, polypeptide subunits, fimetional domains, ar the like of one or
more tIC8S1cr tICSS1-related arystal proteing, such as the polypeptide disclosed in SEQ ID
NO:3. In addition the invention encompesses mucleic acid sequences which may be
synthesized entirely in vitro using methods that are well-known to those of skill in the art
which encode the novel 1C851 polypeptide, peptides, peptide fragments, subunits, or

As used berein, the term "nucleic acid sequence” or “palynucleotide” refers o a
mucleic acid molecule that has been isolated free of the total genomic DNA or otherwise of a
patticular species. Therofore, & nucleic acid sequence or polynucleotide encoding an
endotxxin polypeptide rofiors to a nucleic acid molecule that comprises at least a first crystal
protein-encoding sequence yet is isolsted away from, or purified free from, total genomic
DNA of the species from which the nucleic acid sequence is obtained, which in the instant
case is the genome of the Gram-positive bacterial genm, Bacilins, and in particuler, the
spocies of Bacllhs known as B. taringiensis. Inchuded within the term “nuoleic acid
saquence”, are polymucleotide sequences and smaller fragments of such sequences, and also
recombinant vectors, including, for example, pissmids, cosmids, phagemids, phago, virions,
baculoviruses, antificial chromosomes, virases, and the like. Accordingly, polynucleotide
sequences that have between about 70% and about $0%, or more preferably between about
81% and sbout 90%, or oven more prefarably between about 91% and about 99% nucleic
acid scquence identity or fimctional equivalence to the polynucleotide sequence of SEQ ID
NO:7 will be sequences that are "cssentially as st forth in SEQ 1D NO:7." Highly preferred
scquances are those which are preferably from about 91% to about 100% identical ar
functiooally equivalent to the nucleotide sequence of SEQ ID NO:7. Other preferred
sequences that encode tIC851- or tHC851-relsted sequences are those which are from about
81% to about 90% identical or functionally equivslent to the polynucleotide sequence sot
fxth m SEQ ID'NO:7. Likewise, soquences that are from about 7196 to abouot 8096 identical
or functionally equivalent to the polynucleotide sequence set forth in SEQ ID NO:7 arp also
cootomplated to be uscful in the practice of the present invention.

Similarly, a polynuclectide comprising an isolated, purified, or selectad geae or
sequonce region refers to a polymucleotide which may inchude in addition to peptide encoding
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sequences, cestain other elements such as, regulatory seqoences, isolated substantially away
from other naturally occurring genes or protein-encoding sequences. In this respect, the term
"gene” is used for simplicity to refer to a fimctional protein-, or polypeptide-encoding unit.
As will be understood by those in tho art, this functional term includes both genomic
soquences, operstor sequences and smaller engineered geno sogments that express, or may be
adapted to cxpress, proteins, polypeptides or peptides. In certnip embodiments, « nucleic
acid segment will comprise at lsast a first gene that encodes & polypeptide comprising the
soquence of SEQ ID NO:8.

To permit expression of the gene, and tramalation of the mRNA into mature
polypeptide, the mucleic acid sequence preferably also comprisas st least a first promoter
operably linked to ths gene to express the insecticidal polypeptide in a host coll transformed
with this pucleic acid ssquence. The promoter may be an endogenous promoter, or
alternatively, a boterologous promoter selocted for its ability tb promote expression of the
gene in ane or more particular cell types. For example, in the creation of tramsgenic plants
and plant cells comprising a £JC85/ gens, the heterologous promoter of choice is one that is
plant-expressible, and in many instances, may preferably be a plant-expressible promotar that
is tissue- or cell cycle-specific. The selection of plant-expresaible pramoters is well-known
to those skilled in the srt of plant transformation, and exemplary suitable promoters are
described herein. In certain embodiments, the plant-expressible promoter may be selected
from the group consisting of corn sucrose synthetase 1, comn aleohol dehydrogenase |, com
light harvesting complex, corn heat shock protein, pea small submit RuBP carboxylase, Ti
plasmid mennopine synthase, Ti plesmid nopaline synthase, petunia chalcone isomerase,
bean glycine rich protein 1, Potato patatin, lectin, CaMV 355, and the S-E9 amall subunit
RuBP carboxylase promoter.

"Isolated substantially away from other coding sequances” mesns that the gene
of interest, in this case, 2 gene sncoding a bacterial crystal protein, forms the slgnificant part
of the coding region of the DNA segment, and that the DNA segment does aot contsin large
portions of naturally-occurring coding DNA, such as large chromosomal fragments or other
functicnal genes or operon coding regions. Of course, this refers to the DNA segment as
originally isolated, and does not exclude genes, recombinant genes, synthetic linkers, or
coding regions later added to the sagment by the hand of man.

It will also bo understood that this invention is not limited to the particular
nuclelc scid sequences which encode peptides of the present invention, or which encode the
amino scid sequence of SEQ ID NO:8, including the DNA sequence which is particularly
disclosad in SEQ ID NO:7. Recombinant vectors nd isolated DNA segments may therefore
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variously include the polypeptide-coding regions themselves, coding regions bearing selocted
alterations or modificstions in the basic coding region, or they may encode larger
polypeptides that nevertheless include these peptide-coding regions or may encode
biologically functional equivalent proteins or peptides that have variant amino acids
sequences.

The DNA sequences of the present invention encompass biologically-fimctional,
equivalent peptides. Such sequences may arise as a consequence of codon dogeneracy and
functional equivalency that are knowa to occur naturally within nucleic acid soquences end
the proteins thus encoded. Altematively, fimotionally-equivalent proteins or peptides may be
created via the application of recombinant DNA technology, in which changes in the protsin
stracture may be engineared, based on considerstions of the properties of the amino acids
being exchanged. If desired, one may also prepare fusion proteins and peptides, e.g., where
the peptide-coding regions are aligned within the same expression it with other proteins or
peptides having desired fonctions, such as for purification or immmodetection purposes
(e.g, proteing that may be purified by affinity chromatography end enzyme habel coding
regions, respectively). Rescombinant vectors form further aspects of the presest invention.
Particularly useful vectors are contempiated to be those vectors in which the coding portion
of the DNA sequence, whether encoding a full-length insecticidal protein ar smaller peptide,
is positioned under the control of a promoter. The promoter may be in the form of ths
promoter that is naturally associsted with a gene encoding peptides of the present invention,
as may be obtained by isolating the 5 non-coding sequences located upstream of the coding
segment or exon, for example, using recombinant cloning and/or PCR™ technology, in
commection with the compositions disclosed herein. In many cases, the promoter may be the
native HC851 promoter, or alternatively, a heterologous promoter, such as those of bacterial
arigin (including promoters from other crystal proteins), fungal origin, virel, phage or
phagemid origin (including promoters such &3 CaM V35, and its derivatives, T3, T7, A, and ¢
promoters and the Hke), or plant origin (including constitutive, inducible, and/or tissue-
specific promoters and the liks).

In other embodiments, it is contemplated that certain advantages will be gained
by positioning the coding DNA sequence under the control of a recombinant, or
heterologous, promoter. As used herein, a recombinant or heterologous promoter is intended
to refer to a promoter that is not normally associated with a DNA sequence encoding &
crystal protein or peptide in its natural environment. Such promoters may include promoters
normally associated with other genes, and/or promoters isolated from any bacterial, viral,

-11-
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eukaryotic, or plant cell. Naturally, it will be important to employ a promoter that effectively
directs the expression of the DINA segment in the cell type, organism, or even animal, chosen
for expression. The use of promoter and csll type combinations for protein expression is
geoenlly known to those of skill in the art of molecular biclogy, for example, se0 Sambrook
et al, 1939. The promoters employed may be constitutive, or inducible, and can be used
under the sppropriate conditions to direct high level expression of the introduced DNA
soquence, such as is advantageous in the Iarge-scale production of recombinant proteins or
peptides.  Appropriste promoter systems contemplated for use in high-level expression
include, but are not limited to, the Pickic cxpression vector system (Pharmacia LKB
Biotechnology).

In yst another aspect, the present inveation provides methods for producing a
transgeniic plant that exprosses a selected nucleic acid sequenco comprising 2 sequence
region that encodes the novel endotoxin polypeptides of the present invention. The process
of producing transgenic plants is well-known in the art. In general, the method comprises
transforming a suitabls plant host cell with @ DNA sequence that containa a promotar
operatively linked to a coding region that encodes one or mare tiC851 polypeptides. Such a
coding region is generally operatively linked to a1 least a first transcription-terminating
region, whereby the promoter is capable of driving the transcription of the coding region in
the coll, and hence providing the cell the ability to produce the polypeptide in vivo.
Alternatively, in instances where it is desirable to control, regulste, or decreass the amount of
a particuler recombinant crystal protein expreased in a particular transgenic cell, the
invention also provides for the expression of crysta! protein antisense mRNA. The use of
sntisenss mRNA as a mezns of controlling or decreasing the amount of a given protein of
interest in a csll is well-known in the art.

Another sspect of the invention comprises transgenic plants which express o
gens, gene soquence, or soquance region that encodes st least one or more of the novel
polypeptide compositions disclosed herein. As used herein, the term "transgenic plant” is
intended to refer 1o a plant that has incorporated DNA sequences, including but not limited to
genes which are perhaps not normally present, DNA sequences not normally transcribed into
RNA or transiated into a protein ("expressed”), or any other genes or DNA sequences which
one dasires to introduce into the non-transformed plant, such as genes which may normally

be present in the non-transformed plant but which one desires to either genetically engineer

ar to have altered expression.
It is contemplated that in some instances tha genome of a transgenic piant of the
present invention will have been augmented through the stable introduction of one or more
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transgenes, cither native, synthetically modified, or mutated, that encodes an insecticidal
polypeptide that is identical to, or highly homologous to the polypeptide disclosed in SEQ ID
NO:8. In some instances, more than one transgene will be incorporated into the genome of
the tansformed host plant cell. Such is the case when more than one crystal protoin-
encoding DNA sequence is incorporated into the gemome of such a plant. Ia certain
sitnations, it may be desirable to have cae, two, three, four, or even more B. thuringierusis
crystal proteins (either native or recombinsntly-engimeered) incorporsted and stably
expressed in the transformed transgemic plant.  Altemnatively, & socond transgene may be
introduced into the plant cell to confer additional phenotypic traits to the plant. Such
transgenes may confer resistance to one or more insects, bacteria, fungi, viruses, nematodes,
or other pathogens.

A preferred gene which may be introduced includes, for example, a crystal
protein-encoding DNA sequence from bacterial origin, and particularly one or more of those
described herein which are obiained from Bacils spp. Highly preferred mucleic acid
sequences are those obinined from B. thuringiensis, or any of those sequences which have
besn genstically enginsered to decrease or increase the insecticidal activity of the crystal
protein in such a trangformed host coell.

Means for transforming a plant cell and the preparation of plant cells, and
regencration of a transgmnic cell line from a transformed cell, cell culture, embryo, or callus
tissue are well-known in the art, and are discussed herein. Vectors, (including plasmids,
cosmids, phage, phagemids, baculovirus, viruses, virions, BACs [bacterial artificial
chromosomes], YACs [yoast artificial chramosomes]) comprising at loast a first nocleic ecid
segment encoding am insecticidal polypeptide for use in transforming such cells will, of
courss, generally comprise either the operons, genes, or gene-derived sequences of the
disclosed crystal proteins. These nucleic acid constructs can frther inclnde structures such
f2 promotars, enhancers, polylinkers, introns, terminators, or even gene sequences which
have positively- or negatively-regulating sctivity upon the cioned S-endotoxin gene as
desired. The DNA sequence ar gene may encode either a native or modified cryatal protein,
which will be axpressed in the resultant recombinant cells, and/or which will caafer to a
transgenic plant comprising such n scgment, an improved phenotype (in this case, increased
resistance to ingect attack, infestation, or colonization).

" The preparation of a transgenic plant that comprises at least one polymcleotide
sequence encoding & tIC851 or tIC851-derived polypeptide for the purpose of increasing or
enhancing the resistanco of such a plant to attack by a target insect represents an important

-13-

26°



10

15

30

aspect of the invention. In particular, the inventors describe herein the preparation of insect-
resistant monocotyledonous or dicotylodonous plants, by incorporating into such a plant, a
transgonic DNA sequence encoding at least one tIC251 polypeptide toxic to a coleopteran
insect.

In & related aspect, the present invention also encompasses a seed produced by
the transformed plant, a progeny from such seed, and a seed produced by the progamy of the
criginal transgenic plant, produced in accordance with the above process. Such progeny and
seeds will have a crystal protein-encoding trensgene stably incorporsted into their genome,
and such progeay plamts will inherit the traits afforded by the imtroduction of a stable
genome transgenic DNA scquences encoding one or more tiC851 crystal proteine or
polypeptides are aspects of this invention. As well-known to those of skill in the art, a
progeny of & plant is understood to mean any offspring or any descendant from such s plant.

23 DEFINITIONS

The following words and phrases have the meanings set forth below.

A, an: In keeping with long-standing patent tradition, “a™ or “en”™ used
throughout this disclosure is intended t0 mesn “one or more.”

Comprising, comprises: In keeping with long-standing patent tradition,
“comprising™ and “comprises” used throughout this disclosure is intended to mean
“including, but not limited to.”

Expression: The combination of intraceliular processes, including at least
transcription and often the subsequent transistion of mRANA of a coding DNA molecule such
as a structura] gene to produce a polypeptide.

Promaoter: A recognition site on 8 DNA sequence or group of DNA
sequences that provide an expression coptrol element for a structural gene or sequence to be
transcribed and to which an RNA polymerase specifically binds and initiates RNA synthesis
(tmnscription) of that gene or sequence to be tranacribed.

Regeneration: The process of growing a plant from a plant cell (e.g, plant
protoplast or explant).

Strocturai geme: A DNA sequence that encodes 8 moessenger RNA which can
be transcribed to produce a polypeptide.

. Transformation: A process of introducing an exogeaous DNA sequence (e.g., &
vector, & recombinant DNA molecule) into a cell, protoplast, or organells within & cell, in
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which thet exogenous DNA is incorporated into DNA native to the cell, or is capable of
sutonomous replication within the cell.

Transformedcelt A cell whose genotype has been altared by the
introduction of an exogenous DNA sequonce into that cell.

Tramsgenic cell: Any cell darived from or reganeruind from a transformed cell,
Exemplary transgenic cells include plant calli derived from o transformed plant cell and
particular cells such as leaf, root, stem, e.g., somatic cells, or reproductive (germ) cells
obtained from a transgemic plant.

Transgenie plaxt: A plant or a progeny of any generation of the plant that
was derived from = transformed plant cell or protoplast, wherein the plant nucleic scids
contains an exogenous sslected nucleic scid sequence region not originally presant in a
native, non-transgenic plant of the same variety. The terms “transgenic plant® snd
“transformed plant” have sometimes been used in the art as synonymous terms to define a
plant whose native DNA has been altered to contsin a heterologous DNA molecule.
However, it is thougit more scientifically correct to refer to & regeneratad plant or callus
cobtained from s transformed plant cell or protoplast cells as being a transgenic plant
Preferably, transgenic plants of the present invention include those plants that comprise at
Jeast a first selected polynuclectide that encodes an insecticidal polypeptide. This selacted
polynuclectide is preferably a 5-endotoxin coding region (or gene) operably linked to at Jeast
a first promoter that expresses the coding region to produce the insecticidal polypeptide in
the transgenic plant  Preferubly, the transgenic plants of the present invention that produce
the encoded polypeptide demonstrate a phenotype of improved resistance to target insect
pests. Such transgenic plants, their progery, descendants, and seed from any such generstion
are preferably insect resistant plants.

Vector: A nucleic acid molecule capabls of replication in a host cell and/or
to which another nucleic acid sequence can be operably linked 50 as to bring about
replication of the atiached scgment. Plasmids, phage, pbagemids, and cosmids are all
axemplary vectors. In many embodiments, vectors are used as » vehicle to introdnce one or
more selected polynncleotides into a host cell, thereby generating a “transformed™ aor
“recombinant™ host cell.

3o BRIEF DESCRIPTION OF THE DRAWINGS
- The drawings form part of the present specification and are included to further
demonstrate certain aspects of the present invention. The inveation may be better understood
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by reforence to one or more of these drawings in combination with the detailed description of 7«6

Figure 1 illustrates the nuclectide sequence and amino acid sequence transiation
of the C351 gene as derived from straing BG4135 and 4268.

Figure 2 illustrates an amino acid sequence alignment of the related proteins
Cryﬂ?ﬁudmumll-thnbulﬁnﬁmmducssl.

40 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
4.1 SOME ADVANTAGES OF THL INVENTION

The present invention provides a novel 8-endotoxin, designated tIC851, which is
highty taxic to the cotton boll weevil, Arthonoms grandis Bobeman, This protein has an
amino acid sequence which is substantially unrelated to other 5-endotoxing that are toxic to
coleopteran insects. The identification of Cry22Aa and CryET70 represented a new class of
insecticidal crystal proteins. Unlike other WCRW toxic insecticidal crystal proteins from B.
thuringiensis, CryET70 does not have significant toxicity to SCRW or CPB. The only
known protein that is related to CryET70 is Cry22Aa, an insecticidal crystal protsin tha is
repartad to be toxic only to kymenopteran insects (GenBank Accession No. [34547). The
inventors hereln disclose s novel Bacllhes tnringiensis S-endotoxin displaying only
insubstantial similarity to cither CryET70 or to Cry22Aa, and displaying substantial
differences in insecticidal spectrum and activity when compared to both of these proteins.
The inventors also disclose that both CryBT70 and Cry22Aa have significant toxicity o
larvas of the cotton boll weevil.

42 INSECT PESTS

Almost all field crops, plants, and commercial farming areas are susceptible to
attuck by one or more insect pests. Particularly problematic ooleopteran pests are identified
in Table 1.

-16-
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TABLE 1
‘TAXONOMY OF COLEOPTERAN PrSTS IN THE SUBORDERS ARCHOSTEMATA AND PFOLYPHAGA
Infraorder ~ Family "Subfamily Tribe Gaw ‘Specics
&/or Superfamily _
Cupedidae  (roticulated Priacma P. sarrata
bectles) D
Bostrichiformia Dermestidae  (skin  and Attagerus A. pelllo
larder beetles)
Chrysomeliformia | Cerambycidas (long- Agapanthia Agapanthia sp.
homed beetles)
Lepturinae Leptura op. (flower long-horned bestle)
Rhagiun Rhagtsm sp.
Megacyllens | M. robinias
Prioninae Derobrachus | D. geminatus
Tetraopes _T. tetropthaimus
Chrysomelidae (lef | Chlamisinse Exema E neglecta
beetles)
Chrysomelinae Chrysomelini Chrysomela C. tremula, Chrysomela sp.
Oreina 0. cacaliae
Doryphorini Chrysoline Chrysolina sp.
Leptinotarsa | L. decemiimeara (Colorado potato
beetle)

-17-




Table 1 (Continned)

Infraorder

Famlly Sobfamily Tribe Gonus

QGonioctenini Gonioctena

G. fornicata, G. holdausl, G, intermedio,
G. interposita, G. kamikawal, G.
ltnnaeana, G. nigroplagtata, G.
occidentalls, G. olivaces, G. pailida, G.
quin-quepuncicia, G. rubripennts, G.

“Thnarchini

Caleruos o —

M, inormata, Monaxta sp.

O, aretica, O, artemisige, . bilineata,
O, commma, O, confarta, Q. eribrata,
O. notata, O, norulasa, O, muda, O.

Laperini Cerotoma

Pllosa, O. sexvittata, O. slobodkin!
C.

D. barber! (northern com rootworm), D.
undescimpunctata, (southern com
roatworm), D, virgifera (western com
rogtworm)

unclassified Lacknaia
Chrysomelidas

Lacknala sp.

'i cucumeris (Harris) (potato flea

Curculionidao (wecvils) Curculioninas Anthonomus

bestle), £ #!ﬂlmﬂuhﬂq
A. grandls (boll weevil)

Entiminas Naupactinl Aramigus

A. canirostris, A globocsdws, A.
intermedixs, A. planiocsulus, A. tezselatus

Otlorkycius sp.

26y



Table 1 (Continued)
Infraorder Family “Subfamily “Tribe Gonmy Specias
Phylloblini D, abbreviata
Phyllobius Phyllobius tp.
Galapogamu | G. s
Hyperinas Hypera H. brinnelpennls (Bgyptian alfalfa
weavil), H. postica (alfxifa weevil), H.
(clover leaf weovil)
Molytinae Plssodes P. affinls, P. nemorensis, P. schwarsi, P,
- strobi, P. terminalls
Rhynchophorinae | Sitophilini Stiophilus S granarius (granary weevil), 5.
seamals (maize weevil)
Nemonychidse Lebanoriims | L. succinus
Scolytidse Ips 1 acswinatus, I amitinus, I. cembroe, 1.
duplicatus, L
mannyfeldi, L sexdeniotus, .
Ortholomicus | O. ercsus
Tomicus T, minor
Cucyjiformia Coccincllidac  (ladybird Epllackna £ dorealis (squash Iadybird beotle), £
beotles) verivstis (Mexican bean beetis)
Cucujidse  (flat bark Crypiolestas C. ferrugineus
beetlos) _
Orysaephilus | O. surinamensis (saw-toothed grain
beetles) | beetle)
Lagriidss  (long:joined Lagria Lagria sp.
bootles) _
Msloidac (blister beetles) Epicawta E. fimebria
Meloe M. prascerabasns
Rhipiphoridae Rhipiphorus R fasclatus
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Table 1 (Continued)

Infraorder — Family Sebfanlly “Tribe Geams | Speciss
. Tenebrionides  (darkling Alphitoblus A diaperinus
ground beotlas) mealworm

Hageter H. amaroldes, 2. Srevicollls, 1T,
costipennis, H. fernandezl, H. glaber, H.
gumerensis, H. gran-canariensis, H.
impresrus, H. intercedens, H, lateralis,
H. plictfrons, H. politus, H.
subrotundatus, H. temi-pynctotus, H,
transversus,

H webbiams

Misolammas M. goudotf

Palorus P. ficicola, P. rateeburgi (amall-oyed

flour bootle), P. subdspressus (depressed
flour boetls)

Pimelia P. bastica, P. canariensis, P. criba, P.
elevata, P. estavesl, P. fernan-deslopesi,
P. grandis, P. gramulicollls, P. integre,
P, imterfecta, P. laevigala, P. lnaria, P.
radula, P, sparsa, P. variolosa

Tenelrio T, molitor (yollow mealworm), 7.
obscurus (dark mealworm)

Tentyrla 7. schaumi

Tribolizm T. brevicornts, T. casianeum (red flour
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‘Table 1 (Continned)
Infraorder Family “Sublamily Tribe [ Species
Elateriformin - Octinodes Octinodes sp.
Superfimily
Elateroidea
P. plagio-phthalamus
Scarsbaciformin | Lucanidao {Stag beetles) Doreus D. parailelo-pipedus
Lucamus L. cerviz
Scarabasidee (lamellicom Allomyrina A. dichatoma
beatios)
Cetoaiinae (flower Pachnoda P. morginma
beetle)
Dynastinac Xyloryctes X fmarus
Geotrupinae (carth- Geotrupes G. stercorosus
boring dung
bectles)
Melonlonthinae Castelytra C. zealandica
(chafers)
Holotrichia H. diomphalla
Melolontha M. melolontha (cockehafer)
Odoniria O. striata B
0.
Prodontria L. bicolorata, P. capito, P. levisl, P.
tarsis, P. modesta, P. pinguis, P.
praelaella, P. truncata, Prodontria sp.
Scpthrodes | S. squedicus
Rutelinae (shining Popillla P. Japonica (Japanese bectls)
leaf chafors)

21-

.



Table 1 (Continued)
Infraorder Family Subfamily Tribe Genma 8
Scarabaeinas Copris C. lunaris (black dung beetlc)
Scarabaeus Scarabaeus m. (scarab)
Staphyliniformia ilidas Cercyon Cercyon sp.
! Silphidas ° Nicrophorus N. americamus, N. marginans, N.
orbicollis, N. tomentosus
Staphylinidao {rove Carpelimus Carpelinns .
beetles)
, mesomellnus

Tax) T p.
Xanthollnus Xantholinus wp.

-22-
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43 PROBES AND PRIMERS

In ancther aspect, DNA sequence information provided by the invention allows
for the preparation of relatively short DNA (or RNA) sequences having the ability to
specifically kybriiize to gene sequances of the selected polynucleotides disclosed herein. In
these aspects, mucleic acid probes of an mppropriate length are prepared based on a
coasideration of a selected crystal prote-encoding gene sequence, £.g, 2 sequence such as
that shown in SEQ ID NO:8 (UC851), SEQ ID NO:10 (Cry22As), and SEQ ID NO:2
(CryET70). The ability of such DNAs and nucleic acid probes to specifically hybridize to a
crystal protsin-encoding gene sequence lends them perticular wtility in a variety of
embodiments. Most importantly, the probes may be used in a variety of assays for detecting
tha presence of complementury sequences in a given sample.

In cartain embodiments, it is advantageous to use oligonucleotide primers. The
sequence of such primers is designed using a polynucleotide of the present invention for use
in detecting, amplifying or mutsting a defined segment of s crystal protein genp from B
tharinglensis using tharmal amplification technology. Sequences of relsted crystal protein
genes from other species may also be amplified using such priners.

To provide certain of the advantages in accordance with the present invextion, &
proferred nucleic acid sequence employed for hybridization studies or asamys includes
stquences that sre complementary to at least an about 23 to about 40 or so long nucleotide
stretch of & crystal protein-encoding sequance, such as that shown in SEQ ID NO:7 (¢(XC351),
SEQ ID NO=9 (ry2244a), or SEQ ID NO:1 (cryET70). A size of st Jeast shout 14 or 15 or 5o
nucleotides in length helps to ensure that the fingment will be of sufficient length to form &
duplex molecule thar is both steble and selective. Molecules having complementary
sequences over streiches groater than about 23 or 50 bases in length are generally preferred,
though, in order fo increase stability and selectivity of the hybrid, and thereby improve the
quality and degree of specific hybrid molecules obtained. One will generally prefer to design
mncleic acid molecules having gene-complementary stretches of sbout 14 o about 20
muclootides, or oven longer where desired. Such fragments may be readily propared by, for
exampla, directly synthesizing the fragment by chemical means, by application of oucleic
acid roproduction technology, such as the PCR™ technology of U. S. Patents 4,683,195, and
4,683,202, specifically incorporated herein by reference, or by excising selocted DNA
fragments from recorabinant piasmids containing sppropriate inserts and suitable restriction
sites.
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44 EXPRESSION VECTORS

The present invention contemplates a polynuclieotide of the presont invention
comprised within oné or mom expression vectors. Thus, io one embodiment an expression
vector comprises & nucleic acid scgment containing a £iC85/ gene operably linked to a
promotar which exprosses the gene. Additionally, the coding region may also be operably
linked to & transcription-terminating region, whereby the promoter drives the transcription of
the coding region, and the transcription-terminating region halts transcription at some point
3’ of the coding region.

As uyed herein, the term "operatively linked™ means that a promoter is connected
to en coding region in such & way that the transeription of that coding region is controlled
and regulated by that promoter. Means for operatively linking a promoter to & coding region
we well known in the art.

In a prefarred embodiment, the recombinant expression of DNAs encoding the
crystal protoins of the present invention is preferable in a Bacilluy host cell. Preferred host
cells inclode B, tharingisnsis, B. wegatertum, B, subtilis, and related bacilli, with 2
thuringiensis host cells being highly preferred. Promoters that fumction in bacteria are wall-
known in the it An exemplary and preferred promoter for the Bacilhus-derived crystal
proteins include any of the known crystal protein gene promoters, inchuding the (C851 gene
promoter itself. Alternatively, mutaganized or recombinant promoters may be engineared by
the hand of man and used (o promote expression of the novel gene ssgments disclosed herein.

In an alternate embodiment, the recombinant axpression of DNAs encoding the
crystal proteing of the present invention is performed using & ttunsformed Gram-negative
bacterinm such as an £ coll or Psswdomonas spp. bost cell. Promoters which function in
high-level expression of target polypeptides in &. coli and other Gram-negative host ocells are
also well-known in the art

Where an expression vector of the present invention is to be used o transform s
plant, a promoter is selected that has the ability to drive expression in plaats. Fromoters that
function in plants are also well known in the art. Useful in expressing the polypeptide in
plants are promoters that are inducible, viral, synthetic, comstitutive as described
(Poszkowski er al., 1989; Odell er al., 1985), and temporally regulated, spatially regulsted,
and spatio-temporally regulated (Chau er al., 1989).

A promoter is also selected for its ability to direct the transformed plant cell's or
transgenic plant’s transcriptional activity to the coding region. Structural genes can be driven
by a veriety of promoters in plant tissues. Promoters can be ncar-constitutive, such as the
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CaMV 358 promoter, or tissue-specific or developmoenially specific promoters affecting
dicots or monocots.

Where the promoter is a nearconstitutive promoter such as CaMV 358,
increases in polypeptide expression are found in a variety of transformed plant tissues (e.g.,
callus, leaf, sced and root). Ahernatively, the effects of transformation can be directed to
specific plant tigspes by osing plant integrating vectors contaming a tissue-gpecific promoter.

Ax exsmplary tissue-specific promoter is the loctin promoter, which is specific
for sced tissue. The Lectin protein in soybean seeds is encoded by a single gene (Lel) that is
only cxpressed during seed maturation and accoumts for ebout 2 to about 5% of total seed
mRNA. The lectin gene and seed storege protein specific promoter have been fully
characterized and used to direct seed specific expression in trunsgenic tobacco plants
(Vodkin et al., 1983; Lindstrom ef al., 1990.)

An expression vector containing a coding region that encodes a polypeptide of
interest is engineered to bs under control of the lectin promoter and that vector is introduced
into plants using, for example, a protoplast transformation method (Dhir ef al., 1991a). The
exproasion of the polypeptide is directed specifically to the seeds of the transgenic plant.

A trensgenic plamt of the present invention produced from a plant cell
transformed with a tissue specific promoter can be crossed with a second transgenic plant
developed from a plant cell transformed with a different tissus specific promoter to produce a
hybrid transgenic plant that shows the effects of transformation in more than one specific
tissue.

Exemplury tissue-speoific promoters are com sucrose synthotase 1 (Yang of i,
1990), carn alcobol dehydrogenase 1 (Vogel of al, 1989), corn light harvesting complex
(Simpson, 1986), corn heat shock protein (Odell ef al, 1985), pes small subumit RuBP
carboxylase (Poulsen er al, 1986; Cashmore ef al, 1983), Ti plesmid mapnopine synthase
(Langridge e al, 1989), Ti plasmid nopaline synthese (Langridge of o, 1989), penmia
chalcone isomersse (Ven Tunen er o, 1988), bean glycine rich protein 1 (Keller ef al.,
1989), CaMV 35S transcript (Odell ef al, 1985) and Potato patetin (Wenzler ef al, 1989).
Preferred promoters are the cauliflower mosaic virus (CaMV 35S) promoter and the S-E9
small subunit RuBP carboxylase promotes.

The choice of which expression vector and ultimately to which promoter a
polypeptide coding region is operatively linked depends directly on the functionsl properties
desired, £g, tho location and timing of protein expression, and the host coll to be
transformed. These are well known lmitations inherent in the art of constructing
recombinant DNA molecules. Howevex, a vector useful in practicing the present invention is
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capable of directing the expression of the polypeptide coding region to which it is operstively
limked.

Typical vectors useful for expression of genes in higher plants are well known in
the art and include vectors derived from the tumor-inducing (T5) plasmid of Agrobacterium
tumgfaciens described (Rogers ef al, 1987). However, several other plant integrating vector
systems sre known to function in plants including pCaMVCN transfer control vector
described (Fromm ef al, 1985). pCaMVCN (available from Pharmacia, Piscatawny, NJ)
includes the cauliflower mosaic viras CaMV 358 promoter.

In preferred embodiments, the vector used to express the polypeptide includes a
seloction marker that is cffective in a plant coll, preferably a drug resistance selection marker.
One preferred drug resistance marksr is the geme whose expression results in kanamycin
resistance; Le., the chimeric gene contrining the nopaline synthase promoter, TnS neomycin
phosphotransferase 11 (apell) and nopaline synthase 3 non-transisted region described
(Rogers et al, 1988).

RNA polymerase transcribes a coding DNA sequence through a site where
polyadenylation occurs. Typically, DNA sequences located a few hundred bass pairs
downstream of the polyadenylation aite serve to torminate transcription. Those DNA
sequences are referred © herwin as transcription-termination regions. Those regions are
required far efficient polyadenylation of transcribed messenger RNA (mRNA).

Means for preparing expression vectors are well known in the art.  Expression
(transformation vectors) used to transform plants end methods of maeking those vectors are
doscribed in U. S. Patent Nos. 4,971,908, 4,940,835, 4,769,061 and 4,757,011, the
disclosures of which are specifically incorporated berein by reference in their entirety. Those
vectors can be modified o include a coding sequence in accordance with the present
imrvention.

A variety of methods have bean developed to operatively insert a DNA sequence
into s vector vio complementary cohesive termini or blunt onds. For instance,
complementary homopolymer tracts can be added to the DNA sequence 10 be inserted and to
the vector DNA. The vector and DNA sequence are then joined by hydrogen bonding
between the complementary homopolymeric tils to form recombinant DNA molecules.

A coding region that encodes a polypeptide having the sbility to confer
msecticidal ectivity to a cell is preferably a tIC851 B. thuringiensis crystal protein-encoding
gene, In preferred smbodiments, such a polypeptide has the amino acid residus ssquance of
SEQ ID NO:8, or a functional equivaient thereof, In accordance with such embodiments, a
coding region comprising the DNA sequence of SEQ ID NO:7 is also preferred.
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4.5 CHARACTERISTIC OF THE tIC851 POLYPEPTIDE ISOLATED FROM EG4135
The present invention provides a novel polypeptids that defines a whole or o
portion of a B. thuringiensis C851 crystal protein,
In u preferred embodiment, the invention discloses and claims an isolated and
purified tIC851 protein. The tIC851 protein isolsted from EG4135 comprises a 632 amino
scid sequence, and has a calonlated molecular mass of approximately 65,527 Da. tIC351 has
a calculsted jscelectrio constant (pl) equal to 5.80. The amino acid composition of the

Z

tIC851 protein is given in Table 2.
TARLE 2
AMINOG ACID COMPOSITION OF t1IC851
AminoAcid H#Resines %Total AmioAcld #Residues % Total
Ala 45 7.1 Leu 29 48
Arg 13 21 Lys 51 8.1
Asn 40 63 Met 5 o8
Asp 49 7.8 Phe 22 35
Cys 1 02 Pro 34 54
Gin 13 2.1 Ser 34 54
Gln 41 65 Thr 57 9.0
Gly 47 74 Tro 8 13
His 12 19 Tyr 28 39
Ils &2 9.3 Val 44 69
Acidic (Asp + Ghu) 50 14
Basic (Arg+Lys) 64 10
Aromatic (Phe + Trp + Tyr) 55 9
Hydrophobic (Aromatic + lle + Leu + Met + Val) 195 31
4.6 NOMENCLATURE OF THE NOVEL PROTEINS

The inventors have arbitrarily assigned the designation tIC851 to the novel
protein of the invention. Likewise, the arbitrary designation of £/C857 has boon assigned to
the novel nucleic acid sequence which encodes this polypeptide. Formal assignment of gene
and protein designations based on the revised nomencisture of crystal protein endotoxins will
be assigned by a committee on the nomenclature of B. thringiensls, formed to
systemstically classify B. thringiensis crystal proteins. The inventors contempiate thut the
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arbitrarily assigned designations of the present invention will be superseded by the official
nomenclasture assigned to these sequences, and that based on the lack of identity or
substantial similsrity to other known insecticidsl protein isolated from Bacilius thuringiensls,
the t{C251 protein will be alone in a separate catagory and class of proteins.

4.7 ‘TRANSFORMED HOST CELLS AND TRANSGENIC PLANTS

Wﬂmpdﬁmhmh;nhﬂaimlyunuﬂ,lpm
cell, or an entire plant with ono or more expression vectors comprising a crystal protein-
encoding geno sequence are further aspocts of this disclosure. A trunsgeaic bacterium, yeast
cell, plant cell or plant derived from such a transformation process or the progeny and seeds
from such a transgenic plant are also further embodiments of the invention.

Meaps for tansforming bacteria and yeast cells are well known in the art.
Typically, means of transformation are similar to those well known means used to transform
other bacteria or yeast such as E coll or Saccharomryces cerevhbioe. Methods for DNA
transformation of plant oells include Agrobacteriwm-mediated plant transformation,
injection into immature embrycs and particle bombardment. Each of these methods has
distinct sdvantages and disadvantages. Thus, one particular method of introducing genes into
a particular plant strain may not necessarily be the most effective for another plant strain, but
it is well known which mechods are usaful for a particular plant strain. Suitable methods for
introducing transforming DNA into a cell consist of but are not limited to Agrobacterium
infection, direct delivery of DNA such as, for example, by PEG-mediated transformation of
protoplasts (Omirulleh er al, 1993), by desiccation/inhibition-medisted DNA uptake, by
electroporation, by sgitation with silicon carbide fibers, by acceleration of DNA costed
patticles, e, In certain embodiments, accelerstion methods are preforred and include, for
example, microprojectile bombardment and the like. Four genaral methods for delivering &
gene into cells have bean described: (1) chemical methods (Graham and van der Eb, 1973;
Zatioukal et al, 1992); (2) physical methods such as microinjection (Capecchi, 1980),
elsctroporation (Wong and Neumann, 1982; Fromm ef al, 1985; U. S. Patent No. 5,384,253)
and the gene gun (Johnston and Tang, 1994; Fynan ef al., 1993); (3) viral vectors (Clapp,
1993; La et al.,, 1993; Bglitis and Anderson, 1988; Eglitis ef al., 1988); and (4) receptor-
mediated mechanisms (Curiel et al., 1991; 1992; Wagner et ol., 1992).
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4.7.1 MICROPROJECTILE BOMBARDMENT

A particularly sdvantageous method for delivering transforming DNA sequences
into plant cells is microprojectile bombardment. In this method, particles may be costed with
nucleic scids and delivered into cells by a propelling force. Exemplary perticles include
those comprised of tungsten, gold, platinum, and the like.

472 AGROBACTERIUM-MEDIATED TRANSFER

Agrobacterion-mediated transfer is a widely applicable system for introducing
geaes into plant cells because the DNA can be introduoed into whole plant tissues, thercby
bypassing the neod for regeneration of en intact plant from s protoplast The use of
Agrobacterhon-mediated plant integrating vectors to infroduce DNA into plent cells is well
known in the art, See, for example, the methods described (Fraley er al.,, 1985; Rogers ez al,
1987). Further, the integration of the Ti-DNA is a relatively precise process resulting in fow
rearrangements. The region of DNA to be transferred is defined by the border sequences,
and intervening DNA is usually inserted into the plant genome as described (Spiolmann ef
al., 1986; Jorgensen et al,, 1987).

Modem Agrobacterium transformation vectors are capable of replication in E
coli as well as Agrodacterisvm, allowing for convenient manipulations as described (Kiee of
al., 1985). Moreover, recent technological advances in vectors for Agrobacterium-medisted
geae transfer bave improved the armngement of gones and restriction sites in the vectars to
facilitate construction of vectors capable of expressing various polypeptide coding genes.
The vectors described (Rogers ef ol., 1987), have convenient multi-linker regions flanked by
a promoter and a polyadenylation site for direct expression of inserted polypeptide coding
genas end aro suitable for present purposes. In addition, Agrobacrerium contnining both
armed and disarmed Ti genes can be used for the transformations. In thoso plant strains
where Agrobacterium-medisted transformation is efficient, it is the method of choice because
of the fiacile and defined nawre of the gene transfer.

It is to be understood that two different transgenic plants can also bo mated to
produce offspring that contain two independently segrogating added, exogenous genes.
Seffing of appropriate progeny can produce plaaty that are homoxygous for both edded,
exogenous genes that encode a polypeptide of interest. Back-crossing to & parental plant and
out-crossing with a non-transgenic plant are also contemplated.
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413 GENE EXPRESSION IN PLANTS

To overcome limitations in foreign gene expression in plants, particular
sequences and signals in RNAs that have the potential for having a specific sffect on RNA
stability have been identified. In certain embodiments of the invention, therefore, there is a
desire to optimize expression of the disclosed nucleic acid segments /n plamta. One
particular method of doing so, is by alterstion of the bacterial gene to remove sequences or
motifs which decrease expression in a transformed plant cell. The process of engineering a
coding sequence for optimal expression in plonta is often referred to as “plantizing™ a DNA
sequence.

Particulerly problematic sequences are those which are A+T rich. Unfortunately,
since B. thneringiensis has an A+T rich genome, native crystal protein gene sequences most
often be modified for optimel expreasion in a plant. The soquence motif ATTTA (or
AUUUA as it appesrs in RNA) has been implicated as a destabilizing sequence in
mammalian coll mMRNA (Shaw and Kamen, 1986). Many short lived mMRNAs have A+T rich
3’ untransiated regions, and these regions often have the ATTTA sequence, sometimes
present in multiple copies or as multimers (e.g., ATTTATTTA...). Shaw and Kamen showed
that the transfer of the 3’ end of an unstable mRNA to a stable RNA (globin or VAL)
decreased the stable RNA's half life dramatically. They further showed that & pentamer of
ATTTA had a profound destahilizing effect an a stable messags, and that this signal could
exert it effect whether it was located at the 3° end or within the coding sequence. However,
the number of ATTTA sequences and/or the sequence context in which they occur also
appoar 0 be important in determining whether they function ns destabilizing sequemces.
Shaw and Kamen showed that a trimer of ATTTA had much leas effect than a pentamer on
mRNA stability and a dimer or 8 monomer bad no effect on stability (Shaw and Kamen,
1987). Note that multimers of ATTTA such as a pentamer automatically creste sn A+T rich
region. This was shown to be a cytoplesmic effect, not auclear. In other unstable mRNAs,
the ATTTA sequence may be present in only a single copy, buat it is often contained in an
A+T rich rogion. From the animal cell data collected to date, it appears that ATTTA at least
in some contexts is important in smbility, but it is not yet possible to predict which
occurronces of ATTTA are destabiling elements or whether any of thase effects are likely to
be seen in plants. Table 3 lists some of the more common AT rich sequences idemtified as
problematic when present in a coding sequence for which high levels of expression are
desired.
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The sddition of s polyadenylate string to the 3 end is common to most
cukaryotic nRNAs, both plant and animal. The currently acoepted view of polyA addition is
that the nascent transcript extends beyond the mature 3’ terminns. Contained within this
transoript are signals for polyadenyiation and proper 3’ end formation. This processing at the
¥ end invoives clexvage of the mRNA and addition of polyA to the mature 3° ead. By
searching for consansus sequences near the polyA tmct in both plant and animal mRNAs, it
has boen possible to identify consensns sequences that apparently are involved in polyA
addition and 3’ end clesvage. The same consensus sequences seem o be important to both of
these processos. Msi;nlhmtypiallyl\;uilﬂmonhmMTAM In
animal cells, same variants of this sequence that are fimctional have been identified; in plant
colls there soems to be an extended range of fimctional sequences (Wickens and Stephengon,
1984; Dean of al, 1986). Beczuse all of these consensus sequences are varistions on
AATAAA, thoy all are A+T rich sequences. '

TABLE 3
POLYADENYLATION SITES IN PLANT GENES

PA AATAAA Major consensus site
P1A AATAAT Major plant site
P2A AACCAA Minor plant site
P3A ATATAA .
P4A AATCAA "
P5SA ATACTA "
P6A ATAAAA -
PIA ATGAAA "
PRA AAGCAT -
P9A ATTAAT "
P10A ATACAT "
PliA _ AAAATA *
P12A ATTAAA Minor animal site
PI13A AATTAA "
Pl4A AATACA "
PLSA CATAAA "

The present invention provides a method for preparing synthetic plant genes
which genos cxpress their protein product at lovels significantly higher than the wild-type
31
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geoes which wers commonly employed in plant transformation heretofore. In another aspect,
the prosent invention also provides novel synthetic plant genes which encode non-plant
proteins.

As describad above, the axpression of native B. thwingiensis genes in plants is
often problematic. The natwre of the coding sequences of A raringiensls genes
distinguishes them from plant genes #3 well as many other betarologous genes expressed in
plants. In particular, B. theringlensis genes are very rich (~62%) in adenine (A) and thymine
(T) while plant genes and most other bacterial genes which bave been expressed in plants are
on the order of 45-55% A-+T.

Due to the degensracy of the genatic code and the limited number of codon
choices for any amino acid, most of the "excess” A+T of the structural coding sequences of
somo Bacillus species are found in the third position of the cojons. That is, genes of some
Bacillus species have A or T as the third nuclectide in many codons. Thus A+T content in
pert can detarmine codon usage biag. In addition, it is clear that genes evolve for maximum
function in the orgenism in which they evolve. This means that particular noclectide
saquences found in a gene from ooe organism, where they may play no role except to code
for a particular siretch of amino acids, have the potential to be recognized as gene control
elements in another arganism (such as transcriptional promoters or terminators, polyA
eddition sites, intron splice sites, or specific mMRNA degradation signals). 1t is perhaps
surprising that such misread signals are not a mare common feature of heterologous gene
expression, but this can be explained in part by the relatively homogeneous A+T content
(~50%) of many organisms. This A+T content plus the nature of the genstic code put clear
constraints on the likelihood of occarrence of any particular oligonncleotide sequence. Thus,
a geno from K. coll with a 50% A+T content is much less likely to contaim any particular
A+T rich scgment than a gens from B. tnringlensis.

Typically, to obtain high-level expression of the 3-endotoxin genes in plants,
existing structural coding sequence ("structural genc™) which codes for the 8-cadotoxin sre
modified by removal of ATTTA sequences and putative polyaderrylation signals by site
directed muingenesis of the DNA comprising the structural gene. It is most preferred that
substantiaily sl the polyadenylstion signals and ATTTA sequences are removed ahthough
enhanced expression levels are observed with only partial removal of either of the above
identified sequences. Altemately if a synthetic gene is propared which codes for the
expression of the subject protein, codons sre selected to avoid the ATTTA sequance and
pulative polyademyistion signals. For purposes of the presenmt invention putative
polyadenylation signals include, but are not necessarily limited to, AATAAA, AATAAT,
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AACCAA, ATATAA, AATCAA, ATACTA, ATAAAA, ATGAAA, AAGCAT, ATTAAT,
ATACAT, AAAATA, ATTAAA, AATTAA, AATACA and CATAAA. In replacing the
ATTTA sequences and polysdenylation signals, codans are preferably utilized which avoid
the codons which are rerely found in plant genomes.

The sejected DNA sequence is scanned to identify regions with grester than four

.mmm(A)wdlymﬁlemmleoﬁdu. The A+T regions are scanned for

poteatial plant polyadenyiation signais. Ahkhough the absence of five or more consecutive A
or T nucleotides eliminates most plant polyadenylation signals, if there are more than one of
the minor polyadenylation signals identified within ten nuclectides of each other, then the
nucleotide sequence of this region is preferably altered to remove these signals while
maintaining the ariginal encoded amino acid sequence.

The second step is to consider the about 15 to about 30 or so nuclectide residues
surrounding the A+T rich region identified in step one. If the A+T oontent of the
surrounding region is less than 80%, the region should be examined for polyadenylation
signals. Alteration of the region based on polyadenylation signals is dependent opon (1) the
number of polyaderrylation signals present and (2) presance of & major plant polyadentylstion
signal.

The extended region is examined for the presence of plant polyadenylation
signals. The polyadenylation signals are removed by site-directod mutagenesis of the DNA
sequenco. The extended region is also examined for multiple copies of the ATTTA sequence
which are also removed by mutagenesis.

It is also preferred that regions comprising many consecutive A+T bases or G+C
basos are dismpted since these rogions are predicted ® have a higher likelihood to form
hairpin structure doe to self-complementarity. Therefore, insertion of heterogenecus base
pairs would reduce the likelihood of self-complementary secondary structure formation
which are known to inhibit transcription and/or translstion in some organisms. In most
cases, the adverse effects may be minimized by using sequences which do not contain more
than five consecutive A+T or G+C.

474 SYNTHETIC OLIGONUCLEOTIDES POR MUTAGENESIS

When oligonucicotides are used in the mutagenesis, it is desimblo to maintain the
proper amino acid sequence and reading frame, without introducing common restriction sites
sach as Bglil, Hindlll, Sacl, Kpnl, EcoR1, Neol, Psfl and Sall {nto the modified geoe. Thess
restriction sites are found in poly-linker insertion sites of many cloning vectors. Of course,
the introduction of new polyadenylation signals, ATTTA sequences or consecutive stretches
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of more then five A+T or G+C, should algo be avoided. The preferred size for the
oligonuolectides is about 40 to about 50 bases, but fragments ranging from about 18 to about
100 bascs have been wtilized. In most cases, 2 minimum of about § to about 8 base pairs of
bomology to the tamplate DNA on both ends of the synthesized fragment sre maintained to
insure proper hybridization of the primer to the tamplate. The oligonucieotides should avoid
soquances longer than five base pairs A+T or G+C. Codons used in the replacement of wild-
type codons should prefersbly avald the TA or CG doublet wherover possible. Codons are
sslectod from a plant preferred codon table (such as Table 4 below) 30 as to avoid codons
which are rarely found in plant genomes, and offorts should be made to select codons to
preferably adjust the G+C content to about 50%.
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TABLE 4

PREFERRED CODON USAGE IN PLANTS

Percent Usage in Plasts

SER

GLY

VAL

3848888088884

AUA
AUC
AUU
GUA
GUC
GUG
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TABLE 4 (CONTINUED)

Amino Acid Codon Percent Usage In Plants
GUU 43
LYS AAA 36
AAG 64
ASN AAC 72
AAU 28
GLN CAA 64
CAG 36
HIS CAC 65
CAU 35
GLU GAA 43
GAG 52
ASP GAC 43
GAU 52
TYR UAC 63
UAU 32
CYsS UGC 78
UGU 2
PHE uuc 56
Uuu 4
MET AUG i00
TRP UGG 100

Regions with many consecutive A+T bases or G+C bases are predicted to have a
higher likelihood to form balrpin stractures due to self-complomentarity. Disruption of these
regions by the insertion of heterogenecus base pairs is preferred snd should reduce the
likelihood of the formation of self-complamentary secondary structures such as hairpins
which are known in some organisms to inhibit transcription (transcriptional terminators) and
translation (sttenuators).

Alternatively, a completely synthetic gene for & given amino acid sequence can
be prepared, with regions of five or more consecutive A+T or G+C nucleotides being
avoided. Codons are selected avoiding the TA and CG doublets in codons whenever
posaible. Codon usage can be normalized against a plant preferred codon usage table (such
a5 Teble 4) and tbe G+C content preferably adjusted fo about 50%. The resulting soquence
should be examined to casure that there are minimal putative plant polyadenylation signals
and ATTTA sequences. Restriction sites found in commonly used cloning vectors are also
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profersbly avoided. However, placement of several unique restriction sites throughout the
gene is useful for snalysis of gene expression or construction of gene variants.

48 METRODE FOR PRODUCING INSECT-RESISTANT TRANSGENIC PLANTS

By transforming & suitable host cell, such as & plant cell, with a recombinant
tIC85] gene sequance, the expression of the encaded crystal protein (Le. & bacterial crystal
protein or polypeptide having insecticidal activity against Coleopterans) can result in the
formation of insect-resistant plants.

A transgenic plant of this invention thus has sn incressod amount of & coding
region (e.g, a gene) that encodos s polypeptide in accordance with SEQ ID NO:S. A
proforred tranaganic plant bs an independont segregant and can transmit that gene and its
activity 1o its progeny. A more preferred transgenic plant is homozygous for that gene, and
transmits that gane to all of its offspring upon sexual mating. Seed from a transgenic plent
may be grown in the field or greenhouse, and resulting seonrally mature transgenic plants are
solf-pollinated 1o genernte true breeding plants. The progeny from these plants become true
breeding lines that are evaluated for, by way of example, increased insecticidal capacity
against coleopteran insects, preferably in the field, under 2 range of environmental
conditions.

Transgenic plants comprising one or more trangenes that encode a polypeptide in
accordance with SEQ 1D NO:8 will preferably exhibit a pheaotype of improved or enhanced
insect resisiance to the targst coleopteran insects as dagcribed herein. These plants will
preferably provide transgenic sceds, which will be used to create lineages of transgenic
plants (Le. progesty or advanced gencrations of the original transgenic plant) that may be
used to produce seed, or used as animal or humsn foodstuffs, or to produce fibers, ol, fruit,
grains, or othor commercinlly-important plant products or plant-derived components. In such
instances, the progeny and seed obtrined from sy generation of the transformed plants will
contain the selocted and stably integrated transgene that encodes the 8-eadotoxin of the
prosent invention. The tranagenic plants of the present invention may be croased to produoce
hybrid or inbred lines with one or more plants that have desirable properties. In certain
circumstances, it may also be desirable to create tramsgenic plants, seed, and progeny that
contain one or more additional transgenes incorporated into their genome in sddition to the
transgene encoding the polypeptide of the invention. For example, the transgenic plants may
contain a second gene encoding the same, or a different insect-resistance polypeptide, or
alternatively, the plants msy comprise one or more additional transgenes such as those
conferring herbicide resistance, fungal resistance, bacterial resistance, stress, salt, or drought
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tolerance, improved stalk or root lodging, increased starch, grain, oil, carbohydrate, amino
acid, protein production, and the like.

49 ISOLAYING HOMOLOGOUS GENE AND GENE FRAGMENTS

The geoes and 3-emdotoxins according to the subject invention include not oaly
the full length sequences disclosed herein but also fragments of these sequences, or fesion
proteins, which retsin the charscteristic insecticidal activity of the sequences specifically
exemplified herein,

It ahould be apparent to a person skill in this art that insecticidal S-sndotoxing
can be identified and obtained through severa] means. The specific genes, or portions
thereof, may be obtained from a culture depository, or constructed synthetically, for example,
by use of a gene machine. Variations of these genes may be readily constructed using
standard techniques for making point mutations. Also, fragments of these genes can be made
using commercially aveilsble sxonucleases or endonucleases according to standard
procedures, Also, genes which code for active fragments may be obtained using a varicty of
other restriction enzymes, Protesses may be used to directly obtain active fragments of these
5-endotoxing.

Bquivalent §-endotoxing and/or genes encoding these equivalent S-endotoxins
can also be isolsted from Bacilius strains and/or DNA libraries using the teachings provided
herein. For example, antibodies to the 5-endotoxins disclosed and claimed herein can bo used
to identify and isolate other $-endotoxins from a mixture of proteins. Specifically, antibodies
may be raised 1o the portions of the 5-endotoxins which are most constant and most distinct
from other B. tharinglensix 8-endotoxins. These antibodies can then be used to specifically
identify equivalent S-ondotoxins with the characteristic insecticidal activity by
immunoprecipitstion, enzyms linked immunoasssy (FLISA), or Western blotting.

A further method for identifying the S-endotoxins and genes of the subject
invention is through the use of oligonucleotide probes. These probes are nucleotide
sequences having a detectable lsbel. As is well known in the art, if the probe molecule and
nucleic acid sample hybridize by farming a strong band betweean the two molecules, it can be
reasonably assumed thet the probe and sample are cssentinlly identical. The probe’s
detoctable label provides a means for detarmining in a known manner whether hybridization
has ocourred.  Such a probe analysis provides a rapid method for identifying formicidal
S-endotoxin genos of the subject invention.

Duplex formation and stability depend on substantial complementarity between
the two strands of a hybrid, and, as noted above, a cerinin degree of mismatch can be
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tolerated. Therefore, the probes of the subject invention include mutstions (both single and
multiple), delstions, insertions of the described sequences, and combinations thereof,
wherein said mutations, inssrtions and deletions permit formation of stable hybwids with the
target polymucleotide of interest. Mutations, insertions, and deletions can be prodoced in a
given polynucleotide sequence in many ways, by methods currently known to an ondinarity
skilled artisan, and perhaps by other methods which may become kmown in the fiture.

The potentia] variations in the probes listed is dus, in part, to the recundancy of
the genetic code. Becanse of the redundancy of the gepetic code, /.¢., more then one coding
uucleotide triplet (codon) can be used for most of the amino acids used to make proteins.
Therefore different nuclectide sequences can code for a perticuler amino acid. Thus, the
amino acid sequences of the B. thuringlensis 5-endotoxins snd peptides can be prepared by
equivalent nucleatide sequences encoding the same amino acid sequance of the protein or
peptide. Accordingly, the subject invention includes such oquivalent nucleotide sequences.
Also, inverse or complement sequences aro an aspect of the subject invention and can be
readily used by a person skilled im this ert. In addition it has been shown thet proteins of
identified structure end function may be constructed by changing the amino acid sequence if
such changes do not elter the protein secondary structure (Kaiser and Kezdy, 1984). Thus,
the subject invention includes mutants of the amino acid sequence dopicted herein which do
not alter the protein secondary structure, or if the structure is altered, the biological activity is
substantially retained. Further, the inveation also includes mutants of arganisms hosting all
or part of a 5-endotoxin encoding a gene of the invention. Such mutants can be made by
tochniques well known to persons skilled in the art. For example, UV imudiation ean be used
to prepare mutants of host organisms. Likewise, such mutants may include asporogenous
hoat colls which also can be prepased by procedures well known in the ast.

4.10 RECOMBINANT HOST CELLS

The nucleotide sequences of the subjoct invention may be introduced into a wide
variety of microbial and euksryotic hosts. As hosts for recombinant expression of tIC251
polypeptides, of perticular interest will be the prokaryotes and the lower eukaryotes, such as
fungi.  IMustretive prokaryotes, both Gram-pegative and Gram-positive, ipclude
Enterobacteriaceae, such as Escherichia, Erwinia, Shigella, Salmonella, and Proteus;
Bacillaceqe; Rhizobicece, suwh ws Rhixobham; Spirillaceae, sich as photobacterium,
Zymomonas, Serratia, Aeromonas, Vibrio, Desulfovibrio, Spirilhowm; Lactobacilloceae;
Psewdomonadaceas, wch as Pseudomonas and Acetobacter; Asostobocterocecs,
Actinomycetales, and Nitrobacteraceae. Among cukaryotes are fungi, such as Phycomycetes
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and Ascomycetes, which includes yeast, such a3 Saccharomyces and Schizosaccharomyces;
and Basidiomycetes yenst, such as Rhodolorula, Aureobasidium, Sporobolomycey, and the
like

Characteristics of particular intorest in selecting a host cell for purposes of
production include eass of introdacing the genetic constructs of the present invention into the
host call, availability of expression systems, efficiency of expression, stability of the gene of
interest in the host, and the presence of auxiliary genetic capabilities.

A large mumber of microorganisms known to inhabit the phylloplane (the surfiace
of the plant leaves) and/or the rhizosphere (the soil srounding plant roots) of a wide variety
of important crops may also be desirable host cells for manipulstion, propagation, storage,
delivery and/or mutagenesis of the disclosad gemetic constructs. Thess microorganisms
inclnde bacterin, algae, and fungi. Of paticular interest are microorganisms, sach as
bacteria, ¢.g., geners Bacillus (including the spocies and subspecies B. tJneringlensis hrsiaki
HD-1, B. thwingiensis kursiati HD-73, B, thuringlensis soito, B. thuringlensis beriiner,
B. thwringiensis thuringtensis, B. thwingiewsis tolworthi, B. tiringiensis dendroliws,
B. thuringlensis alesti, B. thuringiensis gallerice, B. thuringiensis aisawdi, B. thringlensis
subtaxicus, B. thuringiensis emtomocidus, B. thringiensis renebrionis and B. turingiensis
san diego), Psewdomonas, Erwinia, Serratia, Klebsiella, Zanihomonas, Streptomyves,
Rhisobium, Rhodopssudomonas, Methylophilius, Agrobactertum, Acetobacter, Lactobacillus,
Arthrobacter, Azotobacrer, Leuconostoc, and Alcaligenes, fungi, particularly yeast, e.g.,
geoere Saccharomyces, Cryptococews, Kiyyveromyces, Sporobolomyces, Rhodotorula, apd
Awreobasidium. Of particulsr imterest are such phytosphere becterial specios as
FPreudomonas syringae, Pseudomonas fluorescens, Serratic marcescens, Acetobacter
xylimun, Agrobacterium tungfaclens, Rhodobacter sphaeroides, Xonthomonas compestris,
Rhivoblhum meliati, Alcaligenes eutrophus, and Asotobacter vinlandil, and phytosphere yeast
specios such as Rhodotorula rubra, R ghitinis, R marina, R. curantiaca, Crypiococeus
albidas, C. diffiwens, C. laurentli, Soccharomyces rosel, S pretoriensls, S. cevevisias,
Sparobolomyces rosews, S. odorus, Kiuyveromyces veronae, and Auvreobasidtsm pollulans.

Characteristics of particular imtercst in selecting a host cell for purposes of
production includs ease of introducing & selectod genetic construct into the host, availability
of expression systems, efficiency of expression, stability of the polynuclectide in the host,
and the presence of auxiliary genstic capabilities. Other considerations includs ease of
formulation and hendling, economics, storage stability, and the like.



10

15

30

35

411 POLYNUCLEOTIDE SEQUENCES

DNA compusitions encoding the insccticidally-active polypeptides of the present
invention are particularty preferred for delivery to recipient plant cells, and ultimately in the
production of insect-resistant transgenic plants. For exampls, DNA segments in the form of
vectors and plasmids, or lincar DNA fragments, in some instances containing only the DNA
clemeont to bo axpressed in the plant cell, and the like, may be employed.

4.12 METHODS FOR PREPARING MUTAGENIZED POLYNUCLEOTIDE SEQUENCES

In cortain circumsianoss, it may be desirable to modify or alter one or more
nucleotides in one or more of the polynucleotide sequences disclosed herein for the purpose
of altaring or changing the insecticidal activity or insecticidal specificity of the encoded
polypeptide. In gimeral, the means and methods for mutagenizing a DNA sequences are
well-known to those of skill in the art. Modifications to such sequences may be made by
random, or sito-specific mutagenesis procedures. The polynucleotides may be modified by
the addition, deletion , or substitution of one or more pucleotides from the sequence encoding
the insecticidally-active polypeptide.

Mutagenesis mxy be porformed in accordance with any of the techniques known
in the srt such as and not limited to syntheaizing an oligonucleotide having one or more
mutations within the sequence of a particular region. In particular, site-specific mutagenesis
is a technique useful in the preparation of mutants, through specific mutagenesis of the
underiying DNA. The techmique further provides a ready ability to prepare and test soquance
variants, for example, inoorporating one or more of the foregoing considerstions, by
introducing cne or more nocloctide sequonce changes into the DNA.  Site-specific
mutageoesis allows the production of mutants through the use of specific oligonucleotide
sequences which encode the DNA sequence of the desired mutation, as well as 3 sufficient
number of adjecont muclectides, to provide a primer sequence of sufficient size and sequence
complexity to form a stable duplex on both sides of the deletion junction being traversed.
Typically, & primer of about 17 to about 75 nuclectides or more in length is preferred, with
about 10 to sbout 25 or more residues on both sides of the junction of the sequence being
altered.

In general, the tachnique of site-gpecific mutagenesis is well known in the art, as
exemplified by various publications. As will be appreciated, the technique typically employs
a phage vector which exists in both a single stranded and double stranded form. Typical
vectors useful in site-directed mutagenesis inclnde vectors such as the M13 phage. These
phage are readily commercially available and their use is generally well known to those
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skilled in the ait. Double stranded plasmids are also routinely employed in site directed
mutagenesis which sliminates the step of transferring the gene of interest from a plasmid to a
phage. .

The proparation of sequence varianty of the selectad 3-endotoxin-encoding DNA
sogmnents using site-directed mutagenesis is provided as & means of producing potentially
useful specics and is not meant to be limiting as there are other ways in which sequence
varisnts of DNA sequences may be obtained. For eoiample, recombinent vectors encoding
the desired soquence may be treated with mtsgenic agents, such as kydroxylamine, to obtain
sequance varisats.

As used herein, the tern “oligonucieotide directed mutagenesis procedure” refezs
to tempiste-dependent processes and vecior-medisted propagation which result in an increase
in the concentration of a specific micleic acid molecule relative to its initial concentration, or
iz an increase in the concentration of a detectable signal, such as amplificstion. As used
harein, the term “oligonucleotide directed mutagemesis procedure™ also is intended to refer to
a process thet involves the template-dependont extension of a primer molecule. The term
ternplate-dependent process refors to nucleic acid synthesis of an RNA or 8 DNA molecula
wherein the sequence of the nowly synthesized strand of nucieic acid is dictated by the well-
known rules of complementary base pairing (Watson, 1987). Typically, vector mediated
methodologies involve the introdoction of the nucleic acid fragment into s DNA or RNA
vector, the clonal smplification of the vector, and the recovery of the amplified nuclelc acid
fragment. Examples of snch methodologies are provided by U. S. Patent No. 4,237,224

A number of tempiate dependent processes are available to amplify the target
scquences of interest present in a sample. One of the best known amplification methods is
the polymerase chain reaction (PCR™) which is described in detnil in U. S. Patent Nos.
4,683,195, 4,683,202 end 4,800,155. Briefly, in PCR™, two primer sequences are prepared
which are complementary to regions on opposite complomentary strands of the target
soquence. An excess of deoxynucleoside triphosphates are added to » reaction mixture along
with a DNA polymersse (¢.g.. Tag polymerase). If the target sequence is prosent in a sample,
the primers will bind to the target and the polymerase will canse the primers to be extended
along the target sequence by adding on nucleotides. By mising and lowering the temperature
of the reaction mixture, the extended primers will dissociate from the target to form reaction
produets, excoss primers will bind to the target and to the reaction products and the process is
repested.  Prefershly a reverse transcriptase PCR™ amplification procedure may be
performed in order to quantify the amount of mRNA amplified. Polymeraso chain reaction
methodologies are well known in the art.
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Another method for amplification is the ligase chain reaction (roferred to as
LCR), disclosed io Eur. Pat. Appl. PublL No. 320,308, In LCR, two complementary probe
peirs are prepered, and in the presenco of the targoet sequence, each pair will bind to opposite
complementary strands of the target such that they abut. In the presence of a ligase, the two
probe pairs will link to form a single unit. By temperture cycling, sa in PCR™, bound
ligated units dissociate from the target and then serve as “target sequences™ for ligation of
exoess probe pais. U. S. Patent No. 4,883,750, incorporated herein by reference in its
cntirety, describes an alternative method of amplification similar o LCR for binding probe
pairs to & targat sequence.

An isothermal amplification method, in which restriction endomucleases and
ligases aro used to achieve the amplification of target molecules thet contsin nucleotide
5'-{a-thiojtriphosphates in one strand of » restriction site (Walker ez al. 1992, incorporated
beorein by reference in its entirety), may also be useful in the amplification of nucleic acids in
the present invention.

413 POST-TRANSCRIPTIONAL EVENTS AFFECTING EXPRESSION OF TRANSCENES IN
PLANTS

In many instances, the level of transcription of a particular transgene in & given
host cell is not always indicative of the amount of protein being produced in the transformed
host cell This is often dus to post-transcriptional processea, such es splicing,
polyadenylation, appropriate translation initiation, and RNA stability, that affect the sbility
of a transcript to produce protein. Such factors may also affect the sability and amount of
mRNA produced from the given transgene. As such, it is often desirable to alter the
post-transiational events through perticular molecular biology techniqnes. The inventors
contemplate that in certzin instances it may be desirsble to alter the transcription and/or
expression of the polypeptide-encoding nocleic acid constructs of the present invention to
increase, decrease, or otherwise regulate or coutrol these constructs In particnlar host cells
and/or transgenic plaats.

4.13.1 EFFICIENT INITIATION OF PROTEIN TRANSLATION

The 5°-untransiated leader (5°-UTL) sequence of eukaryotic mRNA plays a
major role in translational efficiency. Many early chimeric tranagenes using a viral promoter
uscd an arbitrary length of viral sequence after the transcription initiation site and fused this
to the AUG of the coding region. More recently siudies have shown that the 5°-UTL
sequence and the sequences directly surrounding the AUG can bave = lerge offect in
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transiational efficiency in host cells and particulerly certain plant species and that this effect
can be different depending on the particuler cells or tissues in which the message is
exprossed,

In most cularyotic mRNAs, the point of transiational initistion occurs at the
AUG codon closest to the 5° cap of the transcript. Comparison of plent mRNA sequences
and site directod mutagenesis experiments have demonstrated the existence of & consensus
sequence surrcunding the initiation codon in plants, S'UAAACAAUGGCU-3 (SEQ ID
NO:4) (Joshi, 1987; Lutcke et al., 1987). However, consensus sequences will be apparent
emangst individual plant species. For exaraple, a compilation of sequences surrounding the
initistion codon from 85 maize gencs yields a consensus of 5'(C/G)AUGGCG-3' (Lushrsen
et al, 1994). In tobacco protoplasts, transgenes encoding P-glucuronidese (GUS) and
bacterial chitinase showed a 4-fold and an 8-fold increase in expression, respectively, when
the native sequences of those genes were changed to encode 5°-ACCAUGG-3’ (Gallic ef al.,
1987b; Jones ef al,, 1988). interestingly, B. tharinglensis has chosen to utilize an slterative
initistion codon for the native gene encoding t1IC851. The inventors find, as described below,
that this codon, although not genorally known to encode for other than leucine, is belisved to
code for methionine in the first position of the tIC851 polypeptide toxin ss judged by N-
torminal smino acid sequence analysis of the purified toxin. Therefors, for efficiency
inplanta, it is intended that the more frequently utilized ATG initiation codon will be used
instead, |

When: producing chimeric transgenes (£e. transgenes comprising DNA segments
from different sources operably linked together), often the 5°-UTL of plant viruses are used.
The elfalfs mossic virus (AMV) coat protein and brame mossic virus (BMV) coat protein
5°-UTLs bave been shown to enhance mRNA transistion 8-fold in electroporated tobacco
protoplasts (Gallie &f al, 1987a; 1987b). A 67-nuclectide derivative () of the 5°-UTL of
tobacco mosaic virus RNA (TMV) fosed to the chloramphenicol acetyltransfersse (CAT)
gens and GUS gene has been shown to enhance translation of reporter genes i vitro (Gallie
¢! al., 1987a; 1987h; Sleat er al, 1987; Sloat e al,, 1988). Electropomtion of tobacco
mesophyll protoplasts with transeripts comtaining the TMV leader fused to reporter genes
CAT, GUS, and LUC produced a 33-, 21-, and 36-fold level of enhancement, respectively
(Gallie et al, 1987a; 1987b; Gallie et al, 1991). Also in tobscco, an $3-nt 5"-UTL of potato
virus X RNA was shown to enhance expression of the neomycin phosphotransferese I
(NpiI) 4-fold (Poogin and Skryabin, 1992).

The effect of a 5"-UTL may be different depending on the plant, particularly
between dicots and monocots. The TMV 5°-UTL has been shown to bo more effective in
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tobuceo protoplasts (Gallie er al, 1989) than in maize protoplasts (Gallie and Young, 1994).
Also, the 5°-UTLs from TMV-Q (Gallic ¢f al. 1988), AMV-coat (Gehrke et al, 1983;
Jobling end Gehrke, 1987), TMV-coat (Goelet et al., 1982), and BMV-coat (French ef al,
1936) worked poorly in maize and inhibited expression of a luciferase gene in maize relative
to its native lender (Koziel ez al, 1996). However, the 5°-UTLs from the cauliflower mosaic
virus (CaMV) 358 transcript and the maise genes ghutelin (Boronst ef al, 1986), PEP-
carboxylase (Hodepeth end Grula, 1989) and ribulose biphosphaie carboxrylase showed a
congiderable increase in expression of the luciforase gene in maire relstive to ity native
leader (Koziel et al, 1996).

These 5°-UTLs had diffcrent offects in tobacco. In contrast to maize, the TMV
2 5"-UTL and the AMV cost protein 5°-UTL enhanced expression in tobacco, whereas the
glutelin, maize PEP-carboxylase and maize ribulose-1,5-bisphosphate carboxylase 5°-UTLs
did pot show enhancement relative to the native Inciferase 5°-UTL (Koziel er af, 1996).
Only the CaMV 35S 5°-UTL enhanced lucifirase expression in both maize and tobacco
{(Koziel et al., 1996). Furthermore, the TMV and BMV cost protein 5°-UTL3 were inhibitory
in both maize and tobacco protoplasts (Koziel ef al., 1996).

4.132 USE OF INTRONS TO INCREASE EXPRESSION

Including one or more introns in the transcribed portion of 8 gene has boen found
1o increase hetorologous gene expression in a variety of plant systams (Callis ef of., 1987;
Mauzs et al, 1991; Mascerenhas of o, 1990; McElroy er al,, 1990; Vaiil er al., 1589),
although not all introns produce a stimulatory effect and the degree of stimulation varics.
The enhancing offect of introns appears to be more spparent in monocots then in dicots.
Tanaka of al,, (1990) has shown that uss of the catalase intron 1 isolated from castor beans
increases gene expression in rice. Likewise, the first intron of the alcohol dehydrogenase ]
(Adhl) has been shown to increase expression of a genomic clone of Adhl comprising the
endogenons promoter in transformed maize cells (Callis ef o, 1987; Dennia et al, 1984).
Other introns that are also able to increase expression of transgenes which contuin them
include the introns 2 and 6 of Adh/ (Luehrsen and Walbot, 1981), the catalase intron (Tanaks
et al,, 1990), intron 1 of the maize bronme 1 gene (Callis e al.. 1987), the maize sucrose
synthase intron 1 (Vasil er al, 1989), intron 3 of the rice actin gena (Luchrsen and Walbot,
1991), rice actin intron 1 (McEloy et al, 1990), and the maize ubiquitin exon 1 (Christensen
etal, 1992),

Generally, to achieve optima) expression, the selected intron(s) should be present
in the 5’ transcriptional vnit in the comrect orientation with respect to the splice junction

45



10

15

30

35

soquences (Callis er al, 1987; Mass &f al., 1991; Mascerenhas ¢/ al,, 1990; Ourd sz al., 1989;
Tanaks er al, 1990; Vasil ef al, 1989). Intron 9 of Adk/ has been shown to increase
expreasion of a heterologous geno when placed 3’ (or dowanstream of) the gene of interest
(Callis et ol 1987).

4133 Usk OF SYNTHITIC GENES TO INCREASE EXPRESSION OF HETEROLOGOUS
GENES IN PLANTS

When introducing a prokaryotic gene into & eukaryotic host, or when expressing
a eularyotic gens it a aon-native host, the sequence of the gene must often be altered or
modified to allow efficient transistion of the transcript(s) derived form the gene. Significant
experience in using synthetic genes to incresse expression of a desired protein has been
achieved in the expression of Bacillus thuringiensis in plants. Native B. tneringiensis geoes
are often expressed only at low levels in dicots and sometimes not st all in many species of
monacots (Koziel ef of, 1996). Codon usage in the native genes is coasiderably different
from that found in typical plant genes, which bave a higher G+C content. Strategies to
increase expression of these genes in plants generally alter the ovaralt G+C content of the
gancs. For axsmple, synthetic B. thuringiensis crystal-protein encoding genes have resulted
in significamt improvements in expression of thess endotoxins in various crops including
cotton (Periak «f al., 1990; Wilson et al, 1992), tomsto (Perlak ¢f al, 1991), potato (Perlak
et al.,, 1993), rice (Cheng ot al, 1998), and maize (Koziel ef al, 1993).

In a similar fashion the inventors contemplate that the genetic constructs of the
present invention, becanse they contain one or mare genes of bacterial origin, may in certain
circumstances be altered to increase the expression of these proloaryotic-derived gones in
Using moleculsr biclogy techniques which sare well-known to those of skill in the srt, coe
may alter the coding or non coding sequences of the particular HC851-encoding gene
sequences to optimize or facilitate its expression in transformed plant cells at levols suitable
for preveating or reducing insect infestation or sttack in such transgenic plants.

4134 USE OF PROMOTERS IN EXPRESSION VECTORS

The expression of & gene which exists in double-siranded DNA form involves
transcription of messenger RNA (mRNA) from the coding strand of the DNA by an RNA
polymerase enzyme, and the subsequent processing of the mRNA primsry transcript inside
the nucleus. Transcription of DNA into mRNA is regulated by a region of DNA referred to as
tho “promoter™. The promoter region comtains & sequence of bases that signals RNA
polymerasc to associate with the DNA and to initiate the tanscription of mRNA iusing one of
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the DNA strands as s template to make a comresponding strand of RNA. The perticular
promoter selected should be capable of causing sufficient expression of the coding sequence
to result in the production of an effective insectisidal amouat of the B. thiringlensis protein.

A promoter is selected for its ability to direct the transformed plant cell's or
transgenio plant's tramscriptional activity to the coding region, to ensure sufficient expression
of the enxyme coding sequence to result in the production of insecticidal amounts of the B.
tinringtensis protein. Structural genes can be driven by a variety of promoters in plant
tissues. Promoters can be near-constitutive (1e. they drive transcription of the transgene in
all tissue), such as the CuMV35S promoter, or tissue-apecific or developmentnlly specific
promoters sffecting dicots or monocota. 'Where the pramoter is a near-constitntive promoter
such ss CaMV358 or FMV335S, increases in polypeptide eopression are found in a variety of
transformed plant tissues and most plant argans (e.g., calius, leaf, seed and root). Enhanced
or duplicate verzions of the CaMV358 and FMV35S promoters are particularly usefl in the
practice of this inveation (Kay ef al, 1987; Rogers, U. S. Patent 5,378,619).

Those skilled in the art will recognize that thero are a number of promoters
which are active in plant cells, and have been described in the literature. Such promoters
may be obtained from plants or plant virnses and include, but are not limited 1o, the nopaline
synthase (NOS) and octopine synthase (OCS) promoters (which are camied on tumor-
inducing plasmids of A tumefaciens), the cauliflower mosaic virus (CaMV) 19S and 35S
pramoters, the light-indocible promoter from the small subunit of ribulose 1,5-bisphosphate
carboxylase (ssRUBISCO, a very sbundant plant polypeptide), the rice Act/ promoter and
the Figwort Mosaic Virug (FMV) 35S promoter. All of these promoters have been used to
create various types of DNA constructs which have been expressed in plants (seo eg,
McEhoy ef al., 1990, U. S. Patent 5,463,175).

In addition, it may also be preforred to bring sbout expression of the B
nringlensis 8-endotoxin in specific tisnes of the plant by using plant integrating vectors
tuber, sced, fruit, sfc,, and the promoter chosen should have the desired tissue and
developmental specificity. Therefore, promoter function should be optimized by selecting 2
promoter with the dasired tissue expression capabilities and approximate promoter strength
and selecting a transformant which produces the desired insecticidal activity in the target
tissues. This selection approach from the pool of transformants is routinely employed in
exprossion of heterologous structural genes in plants since there is variation between
transformants containing the same hetsrologous gene due to the site of gene insartion within
the plant genome (commonly referred to as “position effect”). In addition to promoters
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which are known to cause transcription (constitutive or tissue-specific) of DNA in plant cells,
other promoters may be identified for use in the current invention by scroening a plant cDNA
library for genes which are selectively or preferably expreased in the target tissucs and then
determine the promoter regions.

An exomplary tissue-specific promoter is the lectin promoter, which is specific
for seed tissuo. The lectin protein in soybeen seeds is snooded by a single gene (Lef) that is
only expressed during seed maturation and accounts for about 2 to about 5% of total soed
mRNA. The lectin gene and seed-specific promoter have beon fitlly characterized and used
to direct sved specific expression in transgenic tobacco plants (Vodkin ef o, 1983;
Lindstrom ¢7 al, 1990). An expression vector containing a coding region that encodes a
polypeptide of intorest can be engineered to be under control of the lectin promoter and that
vector may be introduced into plants using, for example, a protoplast transformation method
(Dhir er al., 1991). The expression of the polypeptids would then be directad specifically to
the soeds of the transgenic plant.

A transgenic plant of the present invention produced from a plant cell
transformed with a tissue specific promoter can be crossed with a second transgenic plant
developed from a plant cell transformed with a different tissus spocific promoter to produce a
hybrid transgenic plant that shows the effects of transformation in more than one specific
tissue.

Other examplary tissue-specific promoters are com sucrose synthetase 1 (Yang
etal., 1990), com slcohol dehydrogensse | (Vogel ef al, 1989), com light harvesting
complex (Simpson, 1986), com heat shock protein (Odell er al, 1985), pea small subanit
RuBP carbaxylase (Poulsen ef al., 1986; Cashmore of al., 1983), Ti plasmid mannopine
synthase (McBride and Summerfelt, 1989), T] plasmid nopaline synthase (Langridgs er ol ,
1989), petunia chalcone isomerase (Van Tunen e al., 1988), bean glycine rich protein 1
(Keller of al., 1989), CaMV 353 transeript (Odell et al., 1985) and Potato patatin (Wenzler of
al., 1939). Preferred promoters are the cauliflower mosic virus (CaMV 355) promoter and
the S-E9 small subunit RuBP carboxylase promotar.

The promoters used in the DNA constructs of the present invention may b
modified, if desired, to affect their control characteristics. For example, the CaMV358
promoter may be ligated to the portion of the ssRUBISCO gene that represses the expression
of ssRUBISCO in the absence of light, to create & promoter which is active in Jeaves but not
in roots. ‘The resulting chimeric promoter may be used as descsibed horein. For purposes of
this description, the phrase “CaMV358" pramoter thus includes variations of CaMV35S
promoter, e.g., promoterg derived by means of ligstion with operator regions, random ar
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controlled mutagenesis, efc. Furtharmore, the promoters may be altered to contain multiple
“enbhancer sequences® to assist in elevating gene expression. Examples of such enhancer
sequences have been reported by Kay et al. (1987). Chloroplast or plastid specific promoters
are known in the art (Daniel] et al., US Pat. No. 5,693,507; herein incorporated by reference),
for example promoters obtainable from chloroplast genes, such as the psbA gene from
spinach or pes, the ricL. and atpB promoter region from maize, and rfRNA promoters. Ay
chloroplast or plastid operable promoter is within the scope of the present invention,

The RNA produced by a DNA constroct of the present mvention also contains a
5’ non-trensiated leader sequence. This sequence can be derived from the promoter selected
to express the gens, and can be specifically modified 50 as to increase transistion of the
mRNA. The 5’ non-translated regions can also be obtained fram viral RNAs, from suitable
euknryotic genss, or from a synthetic gene sequeace. The present invention is not limited to
constructs wherein tho non-trunslated region is derived from the 5’ non-tranalsted sequence
that accompanies the promoter sequence. As shown below, a plant gene leadar sequance
which is usefu] in the present invention is the petunia heat shock protein 70 (hep70) leader
(Winter ef al, 1988). .

An exomplary embodiment of the invention involves the plastid targeting or
plastid localization of the B. thwringiensis amino acid sequence. Plastid targeting sequances
bave been isolated from numerous muclear encoded plant genes and have been shown to
direct importation of cytoplasmically synthesized proteins into plastids (reviewed in Keegstra
and Olsen, 1999). A variety of plastid targsting sequences, well known in the art, including
but not limited to ADPGPP, EPSP synthase, or ssRUBISCO, may be utilized in precticing
this invention. In alternative embodiments preferred, plastidic targeting sequences (poptide
and nucleic acid) for monocatyledonous crops may consist of a genomic coding fragment
containing en infron sequence as well as a duplicated proteciytic cleavage site in the encoded

Tables 5 - 7 liat promoters which aro illustrative of those known in the art, but
which are not meant to be limiting.
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TARLE S
PLANT PROMOTERS
Promoter Relorence
Viral
Figwort Momic Vitus (FMV) U. S. Patant No. 5,378,619

Cmiliflower Mosaic Viras (CaMV) U. S. Patent No. 5,530,196

U. S. Patent No. 5,097,025
U. 8. Patent No. 5,110,732

Plant
Elongation Pactor U. S. Patent No. 5,177,011
Tomato Polygalacturonase U. S. Patent No. 5,442,052
Arabidopsis Histone H4 U. S. Petent No. 5,491,288
Phaseolin U. S. Pstent Na. 5,504,200
Group 2 U. S. Patent No. 5,608,144
Ubiquitin U. S. Patent No. 5,614,399
Pl119 U. 5. Patent No. 5,633,440
a-amylase U. S. Patent No. 5,712,112
Viral eahancer/Plant promoter
CaMV 35Senhancer/mannopine U. S. Patent No. 5,106,739
synthase promoter
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TABLE 6

TISSUE SPECTFIC PLANT PROMOTERS

Thsue Specific Promoter ‘Tiame(s) Refervace
Blee epldermis U. S. Putent No. 5,646,333
malste synthase sceds; seedlings U. S. Patent No. 5,689,040
Isocitrate lynse soods; seadlings U. S. Patent No. 5,689,040
patatin tuber U. 5. Patent No. 5,436,393
ZRP2 root U. 5. Patent No. 5,633,363
ZRPX2.0) root U. 8. Patent No. 5,633,363
ZRPX(1.0) root U. S. Patent No, 5,633,363
RB7?7 root U. S. Petent No. 5,459,252
root U. 8. Patent No_ 5,401,836
froit U. 5. Patent No. 4,943,674
meristem U. S. Patent No. 5,589,583
guard cell U. S. Patent No. 5,538,879
stamen U. §. Patent No, 5,589,610
SodAl pollen; middle Ixyer; stominm Ven Camp e al, 1996
of anthers
SodA2 vasulsr bundies; smmate; Ven Camp ot al, 19596
mxillary buds; pericycle;
stomium; pollen
CHS135 flowers; root tips Faktor of al., 1996
Paam-1 phloem tissne; cortex; root tips Vander e al., 1996
ACTH clongating tissues and organs; Husng et al, 1997
pollen; ovules
GBS pollen; endosperm Ruasell and Fromm, 1997
xmZ27 endosperm Russell and Fromm, 1997
wAQP endosperm Russell and Fromm, 1997
os@T1 endosporm Russell and Fromm, 1997
RolC phlcem tissus; bundie sheath; Graham ef ol 1997
vascular parenchyma
Sh phloem tissue Graham et al, 1997
CMd endosperm Grosset af al, 1997
Bam] polien Trescy eral, 1997
rice tungro bacilliform viros phloem Yin ot al, 1997s; 1997b
$2-RNase pollen Ficker &t al., 1998
LeB4 seeds Baumlein ey al, 1991
gt-28 seeds; seedlings Bemna and Banier, 1997

T

The ability to express genes in a tissue specific manner in plants has led to the
production of male and female sterile plants. Generally, the production of male sterile plants
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involves the use of anther-specific promoters operably linked to heterologous genes that
disrupt pollen formation (U. S. Patont Nos. 5,689,051; 5,689,049; 5,659,124). U.S. Patont
No. 5,633,441 discloses a method of producing plants with female genetic sterility. The
method comprises the use of style-cell, stigma-cell, or stylo- and stigma-cell specific
promaters that express polypeptides thet, whon produced in the cells of the plant, kills or
significantly disturbs the metabolism, functioning or development of the cells.

TABLE 7
INDUCIELE PLANT PROMOTERS

Promoter Reforeace
heat shock promoter U. S. Patent No. 5,447,858
Em U. S. Patent No. 5,139,954

Adhl Kyozoka ef al., 1991

HMQG2 U. S. Patent No. 5,689,056
cinoamy] alcohol dehydrogenase U. 8. Patent No. 5,633,439
asparagine synthase U. S. Patant No. 5,595,896
GST-11-27 U. S. Patent No. 5,589,614

4135 CHLOROPLAST SEQUESTERING AND TARGETING

Angther approach for incressing expression of A+T rich genes in plants has besn
demonstrated in tobacco chloroplast transformation. High levels of expression of an
onmodified Bacillus tinringiemsis crystal protein-encoding genes in tobacco has boen
reported by McBride ef af, (1995).

Additionally, methods of targeting proteins to the chloroplast have been
doveloped. This technique, utilizing the pea chloroplast transit peptide, has been used to
target the enzymes of the polyhrydroxybutyrate synthesis patiway to the chloroplast (Nawrath
ef ol, 1994). Also, this technique negated the necessity of modification of the coding region
other than to add an appropriate targeting sequence.

U. S. Patent 5,576,198 discloses compositions and methods uscful for genctic
engineering of plant cells to provide a method of controlling the timing or tissue pattern of
expression of foreign DNA sequencas inserted into the plant plastid genome. Constrocts
include those for nuclear transformation which provide for expression of a viral single
subunit RNA polymerase in plant tissues, and targeting of the expressed polymerase protein
into plant cell plastids. Also included are plastid expression constructs comprising a viral
gene promoter region which is specific to the RNA. polymerase expressed from the nuclesr
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oxpression constructs described above and s hoteyulogous gena of interest to be axpressed in
the transformed plastid cells.

4.13.6 EFFECTS OF ¥ REGIONS ON TRANSGENE EXFRESSION

The 3'-end regions of transgenes have boen found to have a large effect on
transgene expression in piants (Ingelbrecht of ai., 1989). In this study, different 3’ ends were
operably linked to the noomycin phosphotransferase 11 (Npt/I) reporter gene and expressed in
transgenic tobacco. The different 3 ends used were obtained from the octopine synthase
gene, the 2S seed protein from Arabidopsis, the smail subunit of ricS from Arabidopsis,
cxtension form carrot, and chalcono synthase from Antirrhimon. In stable tobacco
transformants, there was about a 60-fold difference betwesn the best-expressing construct
(small subunit rbcS 3* end) and the lowest expressing construct (shalcone synthase 3° end).

414 ANTIBODY COMPOSITIONS AND METHODS OF MAKING

In particular embodiments, the inventors coatemplate the use of antibodies,
sither monoclonal or polycional which bind to onc or more of the polypeptides disclosed
berein. Means for preparing and characterizing sntibodies are well known in the art (See,
e.g, Harlow and Lane, 1988). The methods for generating monoclonal antibodies (mAbs)
generally begin along the same lines as those for preparing polyclonal antibodies. mAbs may
bo readily prepared through use of well-known techniques, such as those exemplified in U. S.
Patont 4,196,265. Antibody nse is well known in the art and can be used for purification,
immunoprecipitation, ELISA and westarn blot for resolving the presence of molecules
baving identifizble epitopes. Those skilled in the art would oot encounter undue
experimentstion in using antibodies and such methods o idolate, identify, end characterize
gones and proteins expressed from such genes as comamplated herein. Immumo-based
detection methods for use in conjunction with Westarn blotting include enzymatically-,
mdiolabel-, or fluorescently-tagged socondary antibodies against the toxin moiety are
considered to be of particular use in this regard,

4,15 BIOLOGICAL FUNCTIONAL EQUIVALENTS

Modification and changes may be made in the structure of the peptides of the
present invention and DNA sequences which encode them and still obtain a fanctional
molocule that cucodes a protein or peptide with desirable characteristics. The following is a
discussion based upon changing the amino acids of a protein 0 create an equivalent, or even
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an improved, second-generstion moleculs. In particular embodiments of the invention,
mutated crystal proteins aro contemplated to be useful for increasing the insecticidal activity
of the protein, and consequently incressing the ingecticidal activity and/or expresaion of the
recombinant transgene in a plant cell. ‘The amino acid changes may be achieved by changing
the codons of the DNA sequence, according to the codons given in Table 8.

TABLE 8
Amino Aclds | Codon Abbreviations” Codons
Alanine Als A GCA | GCC | GCG | GCU
Arginine Arg R AGA | AGG | COA { CGC | coa | cGU
Asparagine Asn N AAC | AAU
Aspartic acid Asp D GAC | GAU
Cystoine Cws C UGeC | UGU
Glutamic acid Ghu B GAA | GAG
Glutamine Ghn Q CAA | CAG
Glycine Gly G GoA | 66c | 6ea | GGu
Histidine His H CAC | cau
Isoleucine e 1 AUA | Auc | AU
Laucine Leu L uuA | vuG | cuA | cuc | cuG | cuu
Lysine Lys K AAA | AAG
Methionine Met M AUG | UuG'
Phenylalanine Phe F vuc | v
Proline Pro P CcA | occ | cca | ccu
Secine Ser S AGC | AGU | UCA | Uec | uco | ucu
Threonine Thr T ACA | ACC | ACG | ACU
Tryptophan Trp v UGG
Tyrosine Tyr Y UAC | UAU
Valine Val \'4 GUA | 6uc | Gua | Guu

¥ the codon UUG is aleo utilized es an initistion codon es & part of the tICS51 coding sequence
1- three letier code and correaponding single letter code ablweviations

For example, certain amino acids may be substituted for other amimo acids in &
pnﬁnm;wiﬂ:mwwhbhhuoﬁmmﬁwbinﬂingupuhyﬁhmmm
as, for example, entigen-binding regions of antibodies or binding sites on substrate
molecules. Since it is the interactive capacity and nature of a protein that defines that
protein's biclogical functional activity, cenain amino acid sequence substitutions can be
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made in & protein sequence, and, of course, its underlying DNA coding sequence, and
Devertheless obtain a protein with like properties. It is thus contemplated by the inveators
that various changns may be made in the peptide sequences of the disclosed compositions, or
corresponding DNA sequences which encode said peptides without appreciable loss of their

In making such changes, the hydropathic index of amino acids may be
congidered. The importance of the ydropathic amino acid tndex in confesring intersctive
biologic fimction on & protein is generally understood in the art (Kyte and Doolittle, 1982,
inoorporste herein by reference). It is accoptad that the relative hydropathic character of the
amino acid econtributes to the secondary structure of the resulient protein, which in tum
dofines the interaction of the protein with other molecules, for example, enzymes, substrates,
receptors, DNA, antibodies, antigons, and the like.

Bach amino acid has boen assigned a hydropathic index on the basis of their
hydrophobicity and charge charactaristics (Kyte and Doolittle, 1982), these aro: isoleucine
(+4.5) waline (+4.2); loucine (+3.8); phenylalanine (+2.8); cystcine/cystine (+2.5%
methionine (+1.9); alanine (+1.8); glycine (—0.4); threonine (-0.7); serine (~0.8); tryptophan
(-0.9); tyrosine (—1.3); proline (~1.6); histidine (-3.2); ghutamate (-3.5); glutamine (-3.5);
aspartate (—3.5); asparagine (=3.5); lyzine (-3.9); and arginine (4.5).

It is known in the art that certain amino ecids may be substituted by other amino
acids having a similar lyydropathic index or score and still result in a protein with similar
biological activity, i.e., still obtain a biological functionally equivalent protein. In making
such changes, the substitution of smino acids whose hydropathic indices are within +2 is
preferred, those which are within +1 are particularly preferred, and those within 10.5 are
even more particularly preferred.

It is also understood in the art that the substitution of like amino acids can be
madse effectively on the basis of tydrophilicity. U. S. Patent 4,554,101, incorporated harein
by reference, states that the greatest local average hydrophilicity of a protein, as governed by
the hydrophilicity of its adjacent smino scids, correlates with a biclogical propesty of the
protein.

As detniled in U. S. Patent 4,554,101, the following hydrophilicity values have
boen assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 & 1);
glutamate (+3.0 & 1); serine (+03); asperagine (+02); glutamine (+02); glycine (0)
threonine (-0.4); proline (05 & 1) alanine (-0.5) histidine (-0.5); cysteine (~1.0)%;
mothionine (-13); valine (~1.5% leucine (~1.8); isoleucine (~1.8) tyrosino (-2.3);
phenylalanine (—2.5); tryptophan (~3.4). )
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It is understood that an smino acid can be substituted for ancther having
similar hydrophilicity vahie and still obtain s biologically equivalent, and in particular, sn
immunologically equivalent protein. In such changss, the substitution of amino acids whose
hydrophilicity values are within 12 is prefesred, those which are within +1 are particularly
profesred, and those within 10.5 are even more particularly prefesred.

As outlined sbove, amino acid substitutions are generally therefore based on the
relative similarity of the smino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplery substitutions which
take various of the faregoing characteristics into consideration are well known to those of
skill in the art end include: arginine and lysine; glutamate and aspartate; serine snd threonine;;
glutamine and asparagine; and valine, leucine and isoleacine.

50 EXAMPLES

The following examples are included to demonsirate preferred embodiments of
the invention. It should be appreciated by those of skill in the art that the techniques
disclosed in the examples which follow sepresent techniques discovered by the inveator to
function well in the practice of the invention, and thus can be comsidered to constitute
preferred modes for its practice. However, those of gkill in the art should, in light of the
prosent disciosure, appreciate that many changes can be made in the specific embodiments
which are disclosed and still obtain a like or similer result without departing from the spirit
and scope of the invention.

a1 EXAMPLE 1 — BACILLUS THURINGIENSIS STRAINS WITH SEQUENCES
RELATED TO CryET70

Wa previously identified a B. shwringiensis strain expressing a protein which we
designated CryET70. The CryET70 protein had cffcctive coleopteran specific bioactivity
when provided in bicassay feeding studies to western com rootworm larvae, bat not againat
southarn com rootworm larves. We were interested in ideatifying additional B. thuringiensis
strains which contained DNA encoding CryET70 and closely relsted genes. Colony blot
hybridization experiments were completed as indicated below, using a probe prepared from
cryET70 DNA. Wild-type B. thnringiensis sirains were patched onto LB pistes and incubated
at 30°C for four hours. A Nytran® Maximum-Strength Plus (Schieicher and Schuell, Keene,
NH) circular (82 mum) membrans filter was then placed on the plates and the plates and filtors
were incubated at 25°C overnight. The filters, which contained an exact replica of the
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patches, wero then placed on fresh LB plaies, and the filters and the original plates were
incubated at 30°C for 4 hr to allow for growth of the colonies. To release the DNA from the
B. thasringiensis cells onto the nitrocellulose filter, the filters were placed, colony-side up, on
Whatman 3 MM Chromatogrephy paper (Whatman International LTD., Maidstona, England)
soaked with 0.5 N NaOH, 1.5 M NaCl for 15 min. The filters were then neutralized by
placing the filters, colony-side up, on Whatman paper soaked with 1 M NH,-acoixte, 0.02 M
N20OH for 10 min, The filters were then rinsed in 3X SSC, 0.1% SDS, air dried, and baked
for one hr at 80°C in a vacuum oven to prepare them for hybridization.

Oligonucleotide primers were designed based on the cryET 70 sequence (SEQ 1D NO: 1)
AM34: S-GACATGATTTTACTTTTAGAGC-3 (SEQ ID NO:3)
AM43: 5-CATCACTTTCCCCATAGC-3' (SEQID NO:4)

A PCR™ with primers AM 34 and AM 43 wes med to emplify 2 epETT0
fragmont from pEG1648 DNA. This PCR™ product was labeled with [a™?P]dATP usiug the
Prime-s-Gene® kit (Promega Corporstion, Madison, WI) to generate a cryET70-specific
probe. Hybridizations were parformed overnight with the hybridizstion tempersture at 63°C.
Filters were washed in 1 X SSC, 0.1% SDS at 63°C. Hybridizing colonies ware detectad by
autoradiography using Kodak X-OMAT AR X-ray film. The results indicated that several B.
tinringlensis strains in our collection contained DNA soquences which hybridized to
ayET70 sequences under specified conditions. The strains identified by colony biot
hybridization are listed in Table 9.

32  EXAMPLE 2 — PRODUCTION OF ANTIBODY TO CryET70

CryET70 specific polyclonal antibody was prepared so that proteins containing
CryET70-related epitopes could be identified using immunological methods. Recombinant
B. thwringiensis strain EG11839 comeining plasmid pEG1648 expressing CryET70 was
grown in C2 medium for four days at 25°C. The resulting spores and crystals were washed
in 2.5X volume H,0 and resuspended at 1/20 the original volume in 0.005% Triton X-100®.
The spare-crystal suspension was then loaded on a sucrose step gradient consisting of 79%,
72% and 55% sucrose. The gradient was spun overnight in a Beckman SW28 st 18,000
RPM. CryET70 crystals banded botweon the 79% and the 72% sucrose layers. CryET70
crystals were washed several times in H,O and resuspended in 0.005% Triton X-100®. The
purified crystals were then solubilized in 50 mM sodium carbooate (pH 10), S mM DTT, and
any cootaminating vegetative cells or spores were removed by centrifugation. The

37



10

15

30

35

supernatant was peutralived with boric acid to pHS.4, and the solubilized crystals were sent
% Rockisnd Laboratories (Qilbertsville, PA) for sntibody production in rabbits according to
steodard procedures. The rabbits received two intradermal injections on days zevo and soven
with 50% CryET70 protein in sterile phosphate bufferod saline, 50% complete Fround's
adjuvant. Two additional boosts were given subcataneously oa days 14 and 28 before a test
bleed on day 38. Two hundred fifty ug of CryET70 were used per rabbit for the initial
Injection, and 125 ug of CryET70 were used per rabbit for the subsequent boosts. On day 56
the rabbits were boosted again, as before, prior to a production bleed on day 71. The final
boost was with 160 pg CryET70 on day 80, followed by a termination bleed on day 9.

13 EXAMPLE 3 — SOUTHERN AND WESTERN BLOT ANALYSES

Strains identified in Example 1 as containing sequences related to eryET70 were
examined further by Southam and Western blot analyses.

Total DNA was prepared from the straing by the following procedure.
Vegetative cells were resuspended in a lysis boffer containing 50 mM glucose, 25mM Tris-
HCI (pHB3.0), 10 mM EDTA, and 4 mg/ml lysozyme. The suspension was incubated at 37°C
for one hr. Following incribstion, SDS was added to 196. The susponsion was then extracted
with an equal volume of phenol:chloroform:iscamyl alcobol (50:48:2). DNA was
precipitated from the aqueous phase by the addition of one-tenth volume 3 M sodium acetate,
and two volumes of 100% ethanol. The precipitated DNA was collected with a glass rod,
washed with 70% cthanol, and resuspended in dH,0.

Total DNA was digestad with EcoRI and separated on & 0.8% agarose gel in
TAE buffer (40 mM Tris-scetate, 2 mM Ns,EDTA, pH 8). The DNA was blotted onto an
Immobilon-NC nitrocelluloee filter (Millipore Corp., Bedford, MA) according to the mathod
of Southern (1975). DNA was fixed to the filter by baking at 30°C in a vacuum oven.

The blot was then hybridized with the c7yET70 probe described in Example 1.
The filters were exposed 1o the labeled probe diluted in 3X §SC, 0.1% SDS, 10X Denhardt’s
reageat (02% bovine serum albumin (BSA), 0.2% polyvinylpyrrolidone, 0.2% Ficoll®), 0.2
mg/m] beperin and incuteated overnight at 60°C. Following the incubation, the filters were
washed in three changes of 3X SSC, 0.1% SDS at 60°C. The filters were blotted dry and
cxposed to Kodak X-OMAT AR X-ray film (Eastman Kodak Company, Rochester, NY)
overnight at -70°C with an intensifying screen (Fisher Biotech, Pitisburgh, PA). Strains
containing hybridizing DNA fragments are listed in Tablo 9.

For the Western blot analysia, B. thringiensis strains were grown in C2 medium
(Donovan e al., 1988) at 25°C for four days unti] sporulstion and cell lysis had occurred.
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The resulting spores and crystals were harvested by centrifugation, washed in spproximately
2.5 times the original volume with H,0, and resuspended in 0.005% Triton X-100® at cae-
tenth the original volume. Proteins from 10-fold cancentrated caltures of the strains were
nm on & 10% SDS-polyscrylamide gel (Owl Scpamtion Systems, Woburn, MA). Tweaty
of cultmre was added to 10 u of 3x Laemmlii buffer and hested ai 100°C for five minutes.
Fifteen pl ware loaded per lane. Following electrophoresis, the gel was blotted to
nitrocellulose following standard Western bioiting procedures (Towbin e ., 1979). The
filter was blocked with TBSN (10 mM Tris, pH 7.8, 0.9% NaCl, 0.1% globulin-fres BSA,
0.03% NaN,) + 2% BSA. The filter was then washed with TBSN twice and then incubated
with anti-CryET70 rabbit antiserum dilated 1/1,000 in TBSN. The filter was then washed
TBSN and incubsted with alkaline phosphatase conjugsted sheep anti-mbbit IgG (1/1,000
dilution in TBSN). After washing in TBSN, protoins antigenically relxied to CryET70 were
detected with ImmunoPure® NBT/BCIP Substrate Kit (Pierce, Rockford, IL). B
taringiensis strains producing proteins antigenically related to CryET70 as judged by
Westorn blot analysis are indicated in Table 9.

54 EXAMPLE 4 — BIOASSAY EVALUATION OF B. THURINGIENSIS STRAINS

Insect bioassays were used to characterize B. thuringiensis strains having activity
directsd against western com rootworm larvae. B. thuringlensis strains were grown in C2
medium (Donovan ez al_, 1988) at 25°C for four days at which time sporulation and lysis had
occurred. The resulting spores and crystals were harvested by oentrifugation, washed in
approximately 2.5 times the original volume with water, and resuspended in 0.005% Triton
X-100® ot one-tenth the original culture volume. The spore-crystal suspensions were nsed
directly in bioasssy.

Insecticidal sctivity against WCRW larvae wass determined via a surface
contamination assay on en artificial diet (20 g ager, 50 g whest germ, 39 g sucrose, 32 g
cassin, 14 g fiber, $ g Wesson salts mix, 1 g methyl parsben, 0.5 g sorbic acid, 0.06 g
cholesterol, 9 g Vaderzant's vitamin mix, 0.5 mi linseed oil, 2.5 ml phosphoric/propionic
acid per liter) in a plastic feeding cup (175 mm® surface). All bioassays were performed
using 128-well trays containing approximately 1 ml of diet per well with perforated mylar
sheet covers (C-D International Inc., Pitman, NJ). Thirty-two larvae (ope per well) were
tested par bioasssy screen at 50 ul of a spore-crystal suspension per well of diet. The results
of the bioasszy screen are shown in Table 9.
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TABLE 9
____SUMMARY OF SOUTHERN, WESTERN, AND BIGASSAY ANALYSES
Strains Southern blot ‘Waesteru blot % Control WCRW
~ EG2929 + + 26
EG3218 +- - 30
EG3221 +- - 63
EG3303 +H- - 15
EG3304 +- 0
EG3707 + - 45
BG3803 - 0
BG3953 100
BG3966 + - 7
EG4il13 - - 40
EG4135 + + 5
EG4150 - - 64
EG4268 - + 46
BG4375 - 100
EG4447 +- 0
EG4448 + - 100
EG4503 +- - 56
EG4541 +- - y7)
BG4580 + + 33
EG4640 - - 95
EG4737 - - T2
BG4741 + - 3
BG5233 - - 52
EG5366 + - L2
EGS5370 - - 16
EG5422 - 8
55 EXAMPLIE § - ANALYSIS OF WILD-TYFE B. TRURINGIENSIS BETRAINS

The CryET70 peptide sequence has previously been shown to share significant
amino acid sequence identity with Cry22Aa. Based on the known nucleotide and amino acid
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soquonces of CryBT70 and Cry22Aa, thermal amplification primers wero designed for 30
soquences similar or identical to those of the CryET70 and Cry22Aa coding sequencos.

Tabie 10.
Thermal Amplification Oligonncieotide Sequence Allgnmeut in cary22Aa and aryETT0

Corresponding Fosition of Oligo in=
Oligo" Sequence (3°-3") & ay22Aa eyETT0
Corresponding SEQ 1D NO BEQ ID NO:9) ml)
270-1 GCATTTCATAGAGGATCAAT 262-281 350-369
SEQ ID MO:4 _
2792 ANTTGATCCTCTATGAAATGC 281262 369-350
SEQ ID NO:11
2703 T GTTTCCCAAATGGATATCC 428446 516534
BEQ ID KO:12
2704 GGATATCCATTTGGGARAC 446-428 ~ 534516
SEQ ID MO:113
2270-5 ATCTANTAACCTACATCAGA T25-145 514833
SEQ ID FO:14
22706 | JICIGATGTAGGTTATTAGAT ~ 45726 533814
SEQ ID NO:15
T 22707 | TATGGGGAAAGTGATGAARAR 973992 1061-1080
S8EQ ID WO:16
2708 | TITICATCACTITCCCCATA 92973 1080-1061
SEQ ID NO:5 _
2709 ATGTTGAATTAGAAATAG 1280-1297 1368-1385
8EQ ID NO:17
2270-10 CTATTTCTAATTCRACAT 1297-1280 13851358
SEQ ID MO:18
Z70-11 | AMITCCTTGTICTAGGAGRA 1481-1500 1565-1588
SEQ ID NO:19 _
22710-12 "TTCTCCIAGAACAAGGACTT | 1500-1481 1588-1569
8EQ ID NO:20
2270-13 | TAIGTATICTATGATICIAG 1840-1859 1928-1947
S8BQ ID NO:31
“370-14 | CIAGAATCATAGAATACATA 1855-1840 1947-1928
SEQ ID NO:23

a: odd numbeved oligonucicotides represent sequences identical to the indicated position for each gme
(SEQ ID'NO), and even numbered oligomucieotidey represent sequences complamentary to the
indicated position for each gene (SBEQ ID NO).

Even numbered oligonucleatides were paired with odd numbered
oligonucleotides in various combinations in thermal amplification reactions in order o
confirm the expected size of fragments from amplification of sequences from both cryET70
and ary22Aa. DNA obtained from strains EG4135 end EG4268 was also used in seperaic
thermal reactions with all primer pairs. While all pairs produced amplification fragments
from both cryET70 and cry22Aa, the only oligonucieotide primer pair which produced a
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product from DNA of strains EG4135 and EG4268 was the 2270-1 and 2270-8 primer pair
(SEQ ID NO:4 & SEQ ID NO:5 respectively).

Amplification reactions were performed using ‘Taq-Beads’ (Pharmacia Biotech),
a Stratagene Robocycler™, and the following cycling regimen: 94 C for 30 seconds, 45 C for
45 seconds, and 72 C for 1 mimute for 30 cycles. Thermocycling was preceded by a § minute
incubation at 94 C, followed by a 5 minute incubation at 72 C. The amplification products
produced from strains BG4 135 and EG4268 were cloned as blunt-end fragments into the
Sma site of pBluescript KSIi(+) and sequenced. The sequences of the DNA insests indicated
the prosence of an apen reading fiame (ORF) which displayed approximately 65% sequence
identity to the corresponding region from either CryET70 or Cry22Aa.

5.6 EXAMPLE 6 — SEQUENCE ANALYSIS OF THE FULL-LENGTH GENE

Genomic DNA libraries from strains EG4135 and EG4268 were constructed in
the Lambda Zap® 1l vector (Stratagene; La Jolla, CA) and used to isolate recombinant clones
containing the entire ORF jdentified in Exsmple 5. The ORF encodes & protein of 632 amino
acids, designated fIC351. The mucleotide sequance encompassing the tIC851 gene (SBQ ID
NO:7) is shown below:

AARTATTTIT ARMGGGOGAT ACGTAATITH AATTCTARAT CTATCATCAA AAAAGGGGTR 60
CARGAGAATC ARTATATTGA TATTCGTAAC ATATGTAGCA TTAATGGTTC TGCTAAATTT 120
GATCCTAATA CTAACATTAC AACCTTAACA GAAGCTATCA ATTCTCAAGC AGGAGCGATT 180
GCTGGAMAAA CTOCOCTAGA TATGAGACOT GATTTTACTC TCOTAGCAGA TATATACCTA 240
GAGTCTAAAA GTAGTGGAIC TAATGGTATT GCTATAGOGT TTCATAGAGG ATCAATTOGT 2300
TITATCGGTA CCATGGGTIG AGACTTAGGE ATTCTAGGAG CACCAAACGG GATAGARTTT 360
GAARTAGATA CITATTGGAA AGCAACTTCA GATGAARCAG GCGATTCATT TCGACATGAOT 420
CAMATGAATG GAGCACATUC GAGATTTGTA AGTACAARTC GARATGCAMNG CTATTTARACA 480
GCCTTAGCTC CTATGCARAA AATACCTGCA CCTAATAATA AATGGCGGGT TCTAACTATC 540
AATTGGARTE CACGTAACAA CAAACTAACA GCACGECTTC AARGAGAAAAG TAATGATGCT 600
TCTACTAGCA CTCCTAGTICC AAGATATCAA ACATGGGAAC TATTAAATCC TGCSTTTGAT 660
TTAAATCAGA AATATACTIT TATTATCGGC TCAGCTACAG OGGCTUCTAR TAACARGCAT 720
CAGATTGGAG TTACTTIGTT TGARGCATAC TTTACAAAAC CAACTATAGA GGCARATCCT 780
GTTAATATTS AACTAGGCAC AGCGTTIGAT CCATTARALT ATGAGCCART TUGACTCARA 0§40
GCAACAGATG ARGTAGATGG AGATATAACA AAGGACATTA COGTAARATT TAATGACATA 900
GATACCTCCA AACCAGGTGC ATACOGTATA ACATATAAAG TAGTARATAG TTATGGAGAA 960
AGTGATGAGA "AMACRATRAGA AGTCATAGTA TACACGAAAC CARCTATAAC TGCACATGAT 1020
ATTACGATTA AGAAAGACTT AGCATTTGAT CCATTAAACT ATGAACCART TGGACTCAAA 1080
GCAACCGATC CAATTGATGG AGRTATAACA GATARMATCG CTGTAARATT TAATAATGTC 1140
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GATACCTCTA ARCCGGTIAA ATACCATOTA ACATATAAMG TUATAAATAG TTATGAAAAR 1200
ATTGATGAAAR ARMACAATAGA GGTCACRGTA TATACGAAAC CATCTATAGT GACACATGAT 1260
GTTGAGATTA AAARRGATAC GGCATTTAAT CCGTTAAACT ATGAACCAAT TOGGCTCARA 1320
GCAACCGATC CAATTUATOG AGATATAACA GATAAAATTA CGGTAGAATC TAATGATGTT 1380
GATACCTCTA AACCAGGTGC ATATAUTGTG AAATATARAG TAGTAAATAA TTATGAMIAR 1440
AGIGACGARMA AARCAATIGC CGTTACAGTA CCTGTTATAG ATGATAGUTG GGAMAATGGC 1500
GATCCARCAD GATGGAAATT CTTCTCTGGT GAAACCATTA CICTAGARGA TGATGRAAGAO 1560
CATACTCITA ATOGTARATG GUTATITTTAT GCTGATAARC ATGTAGCAART ATACARACARA 1620
GTAGAGTTAR AGARTARTAT COCOCTEATCAA ATTACAGTAT ATGITAAARCC AGRRGATGAMA 1680
GAARCTUTGGE CACACCATAT TGTTAAAGTA TCTTTCARAT CTGATTCTGC TGAGTCCAGAA 1740
AGTGAAGAAL TTATARATGA ARNGATTAATT GATGCAGARC AGATACAAAA AGGATACAGA 1800
AAMGTTAACAA GTATICCATT TACACCAACA ACCATTGTTC CCAACARAAA ACCACTGATA 1660
ATTGTTGARR ACTTTTTACC AGGATGUGATA GUTGAAGTTA GAATAATIGT AGAGCCTACA 1520
AAGTARGART TATARACTAG CTTTTAATAAR ATATATTTAA AAAAT 1965

The tIC851 ORPF initiation codon is TTG beginning at nucleotide 28 of the sequence shown
above. The deduced amino scid sequence (SEQ ID NO. 8) of the tIC851 protein is shown
below, as transiated from the ORF desaribed above:

MNEKBIIERS VOENQYIDIR NICSINGSAK FDPMTNITTL TEAINEQAGA IAGKTALDME €0
RDFTLVADIY LOGSKSSGADG JATAFHRGSI GFICTNGGOGL GILGAPEGIG FEIDTYWEKAT 120
SDETGDSFGR OQMEGAHAOF VSTNENABYL TALAPMOKIP APNNEKNRVLT INWDARNEKL 1390
TARLQEXSND ASTSTPSPRY QTMELLNPAF DLHOKYTFII GSEATGAANNE ROQIGVILFER 240
YFIKPTIEAN PVDIELGTAF DPLNHEPIGL EATDEVDGDI TKDITVEFND IDISKPGAYR 300
VIIXVVREYG ESDEKTIEVV VYTKPTITAH DITIKKDLAF DPLNYEPIGL KATDRIDGDI 360
TOKIAVEFRN VDTSEMNGKYH VITXVINSYE KIDEERTIEVT VYTKPAIVAH DVEIKKDTAF 420
DPLNYEPIGL XATDPIDGDI TDKITVESND VDTAKPGAYS VEKYKVVENYE EBDEXTIAVTY 480
VPVIDDOWEN GETITLEDDE EHALNGEKMVF YADKHVAIYK QVELEKNEIPY G40
QITVIVERED EGTVAHHIVE VEFEEDSAGP IDAEQIQKGY RKLTSIPFIF 600
TTIVFNEEPV TIVERFLIKN IGGVRIIVEP TK 632

The predicted molecular weight for this protein is 69,398 Daltons.

‘The amino acid sequences of 1C851, CryET 70, and Cry22Aa were aligned as shown
below using the CLUSTAL alignment program (PC/GENE™). The tiC851 protein shares
epproximately 56% amino acid sequence identity with CryET70 and epproximately 57%
amino acid sequence identity with Cry22Aa. According to current Baclifus tnringlensis
crystal proiein nomenclature rules, the tIC851 protein shounld be assigned to a new secondary
class of Cry proteins.
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For the three way alignment, the K-tuple value was sct at 1, the gap penalty value 3’ ’
was set at 5, the window size was sot at 10, the filtering lovel was et at 2.5, the open gap
cost was sot at 10, and the unit gap cost was set at 10. An "*" indicates that a position in the
alignment is parfectly conserved, and a ' . ' indicates that a position is well conserved.

Crya2aa MEEQNLNKYDEITVRARSDYIDIRPIFQTHGIRTFNSNTNITTLIOATHS 50

ET70 XDAISNGYDEITVCA- SDVIDIRS IFUTNGSATFNS TINITTLTOATNE 49
tIces1 NN-- -SHIIW-MHDMGW 415
l-_ . Jik ki b hirkd k| hihhds 8 R

Crya2ha QAATAGKTALDMREDFTVRADIFLGTKSNGRADGIAIAFHRGSIGFVGTE 100
ET70 QAGATAGKTALDMREDFTFRADIFLGTKENGADGIATAFHRGAIGFVGRK L L
tICB51 QAGATAUNTALDMRADFTLVADIYLASKSSGADGTAIAFERGS IGFIGT™ 2

P T T T TN L T N

Cry22ha MIMIWWM!W 150
ET70 GOGLOTLAALEOIGFELD IARQDE : : 149

tICa51 WIMIGBMTWW --------- Al! 137
EREERRAER _Ghkdk ERR & W RRREwAe & ¥ o

Cry22ha AGFVATUXNBRVWLSALAQMOR TARPWGRWERLE IRNDARNEELTANLOOL. 200
ET70 AGFVETDENRGWLEALACMORTAAPNGRNRELATEWDARNEKLTANLEDL, 189
EICES51 AQFVETNENASYLTALAPMOKIPAPNNENRVLT INRDARNNKLTARLOR - 186

dddeR il kW ek kb bk bk B8 kb el

Cry2laa TFNDITVGEKFRTFPRTATHRLYNPAFELDOEYTFVIGSATGASNNLEQOIG 250

ET70 mmmmmmw 249
cICB51 mﬁmwrmm:mmmm 234
T~ S i T IR S e
Crya2ia IIRFDAYFTXFI IEANNVHVIVGATFNPKIYRFGINLEATDEIDGDLTSEY 300
BT'70 IIEFDAYFTXPTIEANNVEVFVGATFNPKTYRPGINLRATDEIDGDLTSEL 299
tICes51 VILFEAYFTXPTIEANPVDIELGTAFDPLNEEPIOLKATDEVDGDITEDI 284

o W drkdkwwddRhed W, ok, Wk L, Wk whhk Ak W, &

Cryaaaa IVKANRVNTOXTOVYYVIYYVENEYGERDERKTIEVIVIFEERFTIIASDVEYI 350

ET70 IVIDNREVATSKBGVYNVTYYVKES YGESDERTIEVTVFENPFTIIASDVE] 349

tIcesl1 IVRFNDIDTSKPGAYRVIYEKVVNSYGESDEKTIEVUVYIKRPTITAHDITI 3 334
w, B W b ke ok bhbhdabddddbd _F,  hRE b bk

Cry2aas ENGRSFNFLTDSRVIGLAEAQDELAGNDITOMVEVEGSNVDTEXPGEYSVVIE 400

ET70 EXGESFNPLTDSRVRLEAQDSLGNDITSAVEVKSSNVDTSKPGEYDVVFE 399
tICes1 KXDLAFDPL-=~-====mws=ememaas-—=aaan=ec==~- RYB---- 346
L R d .,

Cry22ha VIDEFGGKAEKDFEVIVLGOPSTERNNVELEIDRSLDPLTDAKVGLRAKD 450

ET70 VTDNFGAKAEKEIKVTVLGOPS IEANDVELEIGDLFNPLTDEQVGLRAKD 449
EICESl ~me—mmmmcmmmc e cceemacmeeed—a—ueea- PIGLRATD 354
L1 B S

Crya2ha * SLANDITKDIXVEFNNVDTENBGKYEVIFEVIDRFGAKARKEIEVLVIOE 500

ET70 SLGXDITNDVEVESSRVDTEXPGEYEVVFEVTDRFUKKREERIKVLVIGE 499
tICe51 PIDGDITDKYAVEFNNVDTAKPGKYEVTYKVINSYEKIDEKTIEVIVITK 404
anm .*..'. -* -*...*II‘C'C.CII*UI.-I. l..-*-‘ . - a
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45

Cry22ia PS8 IRANDVEVNRGRETVEPLTIDSRVGLRAKDSLGNDITKDVKIKBSNVDTS 550

ET?0 PEIRANNVEIEKDERFDPLTDSRVGLRAKDS LGKDITNDVEVESSNVDTE 549
tIcasl POIVAHDVE LKKDTAFDPLNYEPIGLRATDPIDGDITDKITVESHDVDTS 454
LTI R N U B L DR IR N T T R *, ki

Cry2aha KRGEYEVVFEVIDRFUKYVEKTIGVIVEVIDDEWEDGNVNGWEFYAGQUY 600

ET70 YRGEYEVVFEVIDRFGEYVEELIVVIVIVIDDREWEDGNVIGOWEFYAGQDI 599
tICe51 KRGAYSVEYKVVNRYERSDEKTIAVIVEVIDDGWERGDPTONKFFSGETI 504
Wik ok kb R R bk ek b kEew W

Cry22aa KLLEKDPDEKAYRGDYVFYDEREVAISKTIPLTDLOINTNYEITVYARARS - 649

ET70 TLLXDPEEAYKGEYVFYDARHALIAKTIPVIDLOVOGNYEITVYVRAES- 648
EICH51 TLEDDEEHALNOKNVFYADKEVAIYRQV---ELRNNIPYQITVYVERPEDE 551
LN B K TR LT R L I L L W WAk w

CrydidAa = =-GDHHELFVTYKKDPAGPEEPFVFNRLISTGTLVEKDYRELKGT-FEVT 695

ET70 - - ~GUHELKVTYKKDPEOPREPFVFMRLI STGXLVEEDYRERLEGT-VRVT 694

tICe51 GTVAHHIVEKVBFEKSDEAGPESEEVINERLIDABQIQKGYRKLTSIPFTFT 601
-a® _ii__'.'l'. ii'l'. l'_i - wsw ._‘_'.‘_i‘___ | |

Cry22Aa EL--NKAPLIIVENFOAGYIGGIRIV--KIS 722

ET70 EL--NQAPLIIVENPGAGYIGGIRIV--KIS 721

ticasi TIVENEXPVIIVENFLPGWIGGVRIIVEPTK 612

W, W eREREd & WA Sk

5.7 EXAMFLE 7 - EXPRESSION OF THE tIC851 PROTEIN IN B. THURINGIENSIS AND
BIOASSAY EVALUATION

The coding region for tIC851 was cloned into the B. fiaringiensis shuttle vector
pEG397 (Banm e al, 1950) together with about 0.6 kb of flanking native DNA both up and
down stream of the ORF, giving rise to the recombinant plasmids pIC17501 and pIC17502.
These plasmids contain & gene which confers chloramphenicol resistance on & B
thuringiensis host cell. Plasmid pMONS56207, coatsining the cryET70 coding sequence,
confiers erythromycin resistance to a B. tharingiensis host. These plasmids were introduced
into the Cry- B. thuringiensis strain EG10650 by slectroparation. Recombinsnts barboring
the correct plasmids were selected for growth on starch agar medium supplemented with the
appropriate antibictic.

Recombinants were grown in C2 medium for 72-56 hours, at which time the
cultures were sporulated and the colls lysed. Plasmids pIC17501 and pIC17502, differing
only with respect to the orientation of the 1C851 gene insert, directed the production of a
protein with .an apparent molecular mass of approximately 75 kDs, a8 judged by SDS
polyacrylamide gel electrophoresis. EG10650 recombinants harboring the cloning vector
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pEGS97 did not produce a crystal protein, Plasmid pMON56207 directed the production of
CryET70, with an apparent molocalar mass of approximately 30 kDa.

tC851 was tostod against boll weevil larvas and western corn rootworm (WCRW)
larvas in an insect feeding bioassay and shown not fo have activity against WCRW, but
surprisingly good activity against boll wosvil. Based on the similarity of tiC851 to CryET70
and Cry22Aa, these two protains were also tosted againgt boll weevil. Doss-response studics
on the susceptibility of the boll weavil to these B. thuringienals toxius was performed by diet
incorporation (Stone ez gl 1991). A series of 3 to 8 concentrations propared by serial
dilution was used in each instance. First ingtar larvae were manually infested onto the diet.
Mortality and weight measurements were recorded 10 days after infestation. Larvas that
ware dead or were still at the neonate stage were considered dead in tabulsting larval
sssuming the probit model (SAS software 1995). Weight recards were used to caloulate
effective concentrations using the non-linear regression model (SAS 1995).

Surprisingly, Cry22Aa was also found to have signifiennt toxicity to boll weevil

larvas comparable to that of CryET70, as indicated in Table 11. This is the first report that
Cry22Aa and CryET70 have sctivity agninst this target insect pest.

Table 11. Cotton boll weevil Binassay
Prouin LCo (ig/wel) ECy, (ug/mell)
“CoyRT70 3.12 (1.95-5.00) 1.92 £ 037
CGyRAa  |0.72(0.02-1.70) |036+0.18

The toxin encoded by the tICB51 gene has interesting similarities as well 2s
differences when compared with the toxins encoded by the CryET70 and Cry22As genes.
Both CryET70 and Cry22Aa have within their primary sequence four repeating regions of
spproximately 30 amino acids each, aligned in s head-to-tail fashion. The sequence of
tiC851 shows thet the tIC851 protein has caly three of the four ‘repest domeins’ found in
C:yET70 and Cry22As. This accounts for most of the approximately 90 amino acids by
which the tIC851 coding sequence is shorter than that of either CryET70 or Cry22Aa.
Despite this difference in structure, tIC851 has significant activity on boll weevil larvae. The
novel modular structure of thesa three Bt toxins should be of value in semi-rational
engmeering of variants, which could have increased potency or spectrum of activity.
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58 EXAMPLE 8 — TRANSGENIC PLANTS EXPRESSING tIC851 ]

One or more transgenes, esch conteining a structural coding sequence of the
preseat inveation can be inserted into the genome of a plant by any suitable method such as
thoss detailed herein. Suitable plant transformation vectors include those derived from a Ti
plasmid of Agrobacterium tumgfaciens, as well as those disclosed, e.g., by Horrera-Estrelln
(19483), Bevan (1983), Klen (1985) and Eur. Pat. Appl. Publ. No. EP0120516. In addition to
plant transformation veciors derived from the Ti or root-inducing (Ri) plasmids of
Agrobocterhum, altemstive mothods can bo usad to insert the DNA constructs of this
invention imo plant cells. Such methods may involve, for example, the use of liposomes,
microprajectile bomberdment, and transformation waing viruses or pollen (Fromm ef al,
1986; Armstrong ef al, 1990; Fromm ¢f al, 1990). For efficient exprossion of the
polynnclectides disclosed herein in transgenic plants, the seiected sequance region encoding
the insecticidal polypeptide must have a suitable sequence composition (Dichn ef al., 1996).

Expression of the tIC851 protsin from within a plant expression vector is then
confirmed in plant protoplasts by electroporation of the vecter into protoplasts followed by
protoin blot and ELISA analysis. This vector can be introduced into the genomic DNA of
plant embryos such as cotton by particle gum bombardment followed by paromonmycin
selection to obiain cotton plants expressing the cry gene essentially as described in U. S.
Patent No. 5,424,412. For example, the plant transformation and expression vector can be
introduced via co-bombardment with a hygromycin resistance conferring plesmid into
tmasformation susceptible cotton tismus, followed by hygromycin selection, and
reganerstion. ‘Transgenic cotton lines expressing the tIC851 protein can then identified by
ELISA snalyzis. Progeny seed from thesc ovents cen then subsequently be tested for
protection from susceptiblo insect feoding.

The B. thwringiensis polypeptides described herein are primarily localized to the
oytoplasm of the plant cell, and this cytoplasmic localization results in plants that mre
ingecticidally effective. However, in cortain embodiments, it may be advantageous to direct
the B thuringlensis polypeptide to other compmrtments of the plant cell. Localizing
B thuringlensis proteins in compartments other than the cytoplasm may result in less
exposure of the B. thuringlensis proteins to cytoplasmic proteases leading to pgreater
sccumulation of the protein yielding enhanced insecticidal activity.

Utilizing SSU CTP sequences to localize crystal proteins to the chloroplast might
also be advantageous. Localization of the B. thuringlensis crystal proteins to the chloroplast
could protect these from protesses found in the cytoplasm, This could stabilize the proteins
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and lead to higher levels of accumulation of active toxin. ory genes containing the CTP may
be used in combination with the SSU promoter ar with other promoters such as CaMV35S.

InnddﬁimbﬂCl?lmimlnphnuudmribdluuin,ilhspeciﬁuny
intended that Cry22As snd CryET70 be used alone or in combination with each other or in
combinations along with tiC851 in plants to protect plants from boll weevil infestation and in
particolar combinations to prevent the onset of resistance of boll weevils to any of the
proteins when used alone.

All of the compositions and methods disclosed and claimed berein can be made
and exacuted without undue experimentation in light of the prosent disclosure. While the
compositions snd methods of this invention have been described in terms of preferred
embodiments, it will be spparent to those of skill in the art that variations may be applied to
the composition, methods and in the steps or in the sequence of steps of the method described
herein without departing froan the concept, spirit and scope of the invention. More
specifically, it will be appareat that certmin agents which are both chemically and
physiologically relsted may be substituted for the sgents described herein while the same or
similar results would be achisved. All such similar substitutes and modifications apparent to
those skilled in the art sro deemed to be within the spirit, scope and concept of the invention
a3 defined by the appended claims. Accordingly, the exclusivo rights sought to be patented
are as described in the claims below.
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ABSTRACT OF THE INVENTION ﬂz
A povel géne encoding a Coleopteran inhibitory Bacillus thuringiensis
insecticidal crystal protein is disclosed. The protein, tIC851, is insecticidally active
and provides plant protection from at least cotion boll weevil, Anthomonuus grandis,
when sapplied to plants in an insecticidally effective composition
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What is claimed is:
L An isolated and purified protein comprising the amino acid sequence as set
forth in SEQ ID NO:S.

2. An isolated an purified polynucleotide sequence encoding the polypeptide of
SEQ ID NO:8, comprising SEQ ID NO:7.

3. A plant transformed to contain a polymucleotide sequence encoding the protein
of SEQ ID NO:8.

4, A method for protecting a plant from cotton boll weevil infestation comprising
providing to a boll weevil in its diet a plant transformed to express a protein toxic to
said weevil wherein said protein is expressed in sufficient amounts to control boll
weevil infestation and wherein said protein is selected from the group consisting of
Cry22As, ET70, and {IC851.

5. A method for protecting a plant from cotton boll weevil infestation comprising
providing to a boll weevil in its dict 2 plant transformed to express one or more
proteins toxic to said weevil wherein said proteins are expressed in sufficient amounts
alone or in combination to control boll weevil infestation and wherein said protein are
sclected from the group consisting of Cry22As, ET70, and tIC851.
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1 ]
g9a tAt ght gaa ata aca gtg cag gom agt gat tat att gat att <ge
Qly Tyr Asp Glu Ile Thr Val Glo Ala Ser Asp Tyxr Ila Asp Ile Ary
10 13 20

tea att ttt cam Lttt ank Ceca ace act aat
Sar Ila Phe GQln

aog
Thr
as
att aca act tta acg cas gct
Thr

Ile Thr Thr Leu
40

att ttt ctt gga act aas agt ast gya gca gat ggt att gog ata gea
Ile Pha Leu Gly Thr Lys Sexr Asa Qly Ala Asp dly Ile Ala Ile Ala

1

112

169

o4

ot
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Ett cat ages gga toa att ggt ttt gtt ggg gag ang g9yt oJa gua ott
Fhe His Arg Gly Ber Ile Gly Phe Val Gly Glu Lys Gly Gly Gly Leu

100

999 att tts ggc goc Cta AMA ggt ata ggu ttE gaa tta gac acm tat
Gly Ile Leu Gly Als Leu lym Gly Ils @ly FPha Glu Leu Asp Thr Tyr

Met Axg Gly Leu Fha

140

ttt gta agt acg gat

Phe Val Ser Thr Asp
155

atg cga ata gct

Met Avg Ile Ala

Thr Fhe Asn Asp Ser
200

goR M tgg gag tta
Ala Axg Trp Glu Leu

att qgt att sta gma
Ile Gly Ile Ilm Glu
a50

gog AAt aat gta agt
Ala Aag Aan Val Ser
265

tat cca gga ata aat
Tyr Pro Gly Ile Asn
280

aca tct gam att att
Thr Ser Glu Ila Ile
300

got gty tat aat gtg
Gly ¥al Tyr Asn Val
315

gat gaa aaa ace ate
Asp Glu Lys Thr Ile

110

tca aat ecct gea ttt
Sar Asn Pro Ala Phe
a25

tca g3 aog gyt gea
Sar Ala Thr Gly Ala
240

ttt gat goa tac Ett
Fha Asp Ala Tyr Phs
a558

gtt ccg gtg gga gea
Val Prv Val dly Als
aTo

tta aga gca act gak
Leu Arg Ala Thr Asp
185

gtg aca gat aat aat

305
acy tat tat gta ang
Thr Tyr Tyr Val Lys

320

gas gta aat gtg ttt
Glu val Thr Val Pha

2

118
tot Ett gya cat gga gea
Ber Pha Gly His Gly Ala
130 135

gga tat cca cat gct ggt
Gly Tyxr Pro His Ala Gly

n
”
o
g
[ 4
N (1 4
g8 if

&

gaa ctt gut
Glu Lau Asp

g
5§
#
g §1
§§ 58 §
i

B

tck aAat aac cta
Ber Aan Asn Lau
345

-]
el
a
-]

tca aac cot scm att att .

Ser Asa Pxo Thr Ila Ile

544

7316

784

76

1024

1072

1120



330 335 340

gca agt gat gtt gaa ALt gam aam ggt gaa tcog ttt aat cea tta aca
Ala Sar Asp Val Glu Ile Glu Lys Gly Glu Ser Pha Amn Pro Leu Thr
348 350 355
gac tca aga gtg agg ctg Lot gea cam gat tCa £tg gyt ast gat att
Asp Ser Arg Val Arg Len Ser Ala Tln Asp Ser Leu Oly Asz Asp Ile
g0 165 370 375
act tca asaa gta aag gtg asa tcom agt aat gtg gat act tCg aaa coca
Thr Ber Lys Val Lys Val Lya Bar Her Asn Val Asp Thr Ser Lys Pro
380 ans 3%
gt

gaa tat gat gtt gtg ttt gaa gtg acc gat ast ttt ggt gog asa
Val FPhe Glu Val Thr Asp Asn Fhe Gly Gly Lys
395 . 400 405

gCA gAs aaf gam atc ang qtt aca gtt tta ggg cag cca agt att gaa
Ala Glu Lys Glu Ile Lys Val Thr Val Lsu Gly Gln Pro Ser Ile Glu
410 415 420

gcy aat gat gtt gam tta gam ata ggt gut tte ttt aat cog tta aca

Ala Asn Asp Val Glu Lsu Glu Ile Gly Asp Leu Fhe Asn Pro Leu Thr
425 435
gat gta ggc ctt gces maa gec tea tha gyc asa gat att

450 455

tea agt aat gtg gat act tca aaa cea
Ser Sar Asn Val Asp Thr Ser lys Pro
460 465 470

430

tca caa cgt
Asp Ber dln val Gly Leu Arg Ala Lys Asp Sor Lau Gly Lys Asp Ile

aag

Lys

gtt gta ttt gaa gtg aco gat cgt ttt gga san aaa
Val Phe Glu Val Thr Asp Arqg Phs Gly Lys Lys
7 480 485

4AR agt atc AAR gtc ctt gtt cta ggh gaa cta age att gea
Ala Glu Lys Ser Ile Lys Val Isu Val lau Qly Glu Pro Ser Ile GQlu
450 495 500

gca aat aat gtt gag att gas ass gac gea agg tto gat com tte mca
Als Asa Asn Val Glu Ila Glu Lys Asp Glu Arg Pha Asp Pro Lew Thr
505 510 515

a gat att

aBA guc tem ank
Asp Ser Arg Val Gly Isu Arg Als Lys Asp Ber Leu Gly Lys Asp Ils
0 S35
agt

gga gea tat gea gtt gta tit sas gtg act gat
val

gth asng ama ttg act gta gtt ata gta cca gta att gat gat gas tgy
Ils Val

\mllnpny"hu 1s Val Ile Val Pro Val Ila Asp Asp Glu Trp
570 S75 580

gas gat gga aat gtg axt qua tgg asa ttc tat gog gyy CmA gad ato.

Glu Asp Gly Asn Val Asn Gly Trp Lys Pha Tyr Als Oly Gln Asp lle

(™ ]

1168

1216

1264

1312

13160

1408

1456

1553

1500

1648

1696

1744

1752

1840

Py [ 1)
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gat cct gaa SAR gCa iat aaa gga gua tat gta tte
Asp Pro Glu Lys Ala Tyr Lys Gly Glu Tyr Val Pha
&05 610 615

3¢ g#
§ 3
§8 ¥
£y §§ I

"
»
"
"

cat gct got att tect saa aca atc coa gta aca gat
His Ala Ala Ile Ber Lys Thr Ile Pro Val Thr Asp
620 625 630

[id
[
»

]
4
g

3

aat tat gam ntt aca gta tat gtt asa gca gam
ly Asn Tyr Glu Ile Thr Val Tyr Val Lys Ala Glu
640

3

agce gt gat cat cac cta asa gtg acg tac aag ama
Saxr Qly Asp His His Lesu Lys Val Thr Tyr Lys Lys
€50 658

281
jd 2
ik

CCO gRg gaA CCA coa gtt ttc ast agm ctt att agt sca g9y
Pzo Glu Glu Pro Pro Val Fhe Asn Arg Lau Ile Sar Thr Ql
665 670 675

it
¥g

gtg gua asa gac tat aga gas tta aaa gga aca ttc cgt gtm acg gaa
Val Qlu Lys Asp Tyr Arg Glu Leu Lys Gly Thr Pha Arg Val Thr Glu
680 &85 6950 6595

tta aac cam gca cca ttg ata atc gta gag aat ttt ggt gct gga tat
Leu Asn Gln Ala Pro Leu Ile Ile Val Glu Aan Fhe Gly Ala Gly Tyr
700 705 e

ata ggt gga att aga att gtg asa ata tcg taatasasac agataaaata
Ile Gly Gly Ils Arg Ila Val Lys Ile Sar
715 720

gagagaggaa cgctggateg cogttoctott ttoagtttag tgbaccatct ccaggtceag

ttoatctttt

«210» 2

«dll» 721

<d12> PRT

«213> Bacillus thuringlensis

«400> 2
Mat Lyn Asp Ser Ile Sar Lya Gly Tyr Asp Glu Ila Thx Val Glmn Ala
1 8 10 1s

Sex Asp Tyr Ile Asp Ile Arg Ser Iles Phas Glan Thr Asn Gly Ser Ala
20 a5 30

Thr Phe Asn Sar Thr Thr Asn Ile Thr Thr Leu Thr Gln Ala Thr Asn
k13 40 45

Ser Gln Ala Gly Ala Ils Als Gly Lys Thr Ala Leu Asp Mat Arg His
50 55 60

Asp Phe Thr Pha Axg Ala Asp Ile Phe Leu Gly Thr Lys Ser Asa Gly
65 70 75 80

Ala Asp Gly Ile Ala Ile Ala Phe His Arg Gly Sexr Ile Gly Pha Val
a5 90 95

Gly Glu Lys Gly Gly Gly Leu Gly Ila Leu Gly Ala Leu Lys Gly Ile )

4

1936

1964

2032

2128

2176

a2

4334

2344



100 105 110

Gly Phe Glu Leu Asp Thr Tyr Ala Asn Ala Pxv Gla Asp Glu Gln Qly
118 120 125

Asp Bar Phs Gly His Gly Ala Mat Arg Gly Lau Phs Pro Gly Phea Pro
130 135 140

Asn Gly Tyr Fro His Ala Gly Fhe Val Beor Thr Asp Lys Asn Axg Qly
145 150 155 160

Trp Leu Ser Ala Leu Ala Gla Met Gln Arg Ile Ala Ala Pxo Asn Oly
165 170 A7S

Axg Trp Axg Arg Leu Als Ile Mis Trp Asp Ala Arxy Aan Lys Lye Lau
180 1488 190

Thr Ala Asn Lasu Glu Asp Leu Thr Fha Asn Asp Sar Thr Val lsu Val
195 400 205

Lys Pro Arg Thr Pro Arg Tyr Ala Arg Trp Glu Leu Sex Asn Pro Ala
alg 215 220

Phe Glu Leu Asp Gln Lys Tyr Thr Pha Val Ile Gly Bar Ala Thr Gly
aas 230 235 240

Ala Ser Asn Asn Leu His Gln Ile Gly Ile Ile Glu Phe Asp Ala TyT
245 a50 a55

Phe Thr Lys Pro Thr Ile Glu Ala Asn Asn Val Ser Val Pro Val Gly
260 265 aTo

Ala Thr Pha Asn Pro lys Thr Tyr Pro Gly Ile Asu leu Axg Ala Thr
275 280 208

Asp Glu Ile Asp Gly Asp Lsu Thr Ber Glu Ile Ile Val Thr Asp Aan
a3 295 300

ASn Vil Asn Thr Ser Lys Ber Gly Val Tyr Asn Val Thr Tyr Tyxr Val
05 310 1S 320

Iys Asu Ser Tyr @ly Glu Ser Asp Glu Lys Thr Ila Glu Val Thr val
3as 330 31as

Phe Ser Asn Pro Thr Ile Ile Ala Ser Asp Val Glu Ils Glu Lys Gly
340 348 350

Glu Ssr Phe Asn Pro Lsu Thr Asp Her Arg Val Arg Leu Sar Ala Gln
355 360 365

Asp Sar Leu GQly Asn Asp Ile Thr Ser Lym Val Lys Val Lys Ser Ser
170 375 isa

Asn Val Asp Thr Ser Lys Pro Gly Glu Tyr Asp Val Val Pha Glu Val
365 390 395 400

. Thr Asp Asn Phe Gly Gly Lys Ala Glu Lys Glu Ile Lys Val Thr Val

405 41¢ 415

Leu Gly Gla Pro Ser Ile Glu Ala Asn Asp Val Glu leu Glu Ila Gly
420 42% 430

Asp lau Fhe Asn Fro Lsu Thr Agp Ser Gln Val 3ly Leu Arg Alm Lys.
435 440 445
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Asp Ser Leu Gly Lys Asp Ile Thr Asn Asp Val Lys Val Lys Ser Ser
450 455 460

Asn Val Asp Thr Ser lys Pro Gly Glu Tyxr Glu Val Val Fha Glu Val
465 470 475 400

Thr Asp Arg Pha Gly Lys Lys Ala Glu Lys Ser Ila Lys Val Leu Val
4485 490 495

Leu Gly Glu Pro Ser Ile Glu Ala Asn Asn Val @Glu Ile Glu Lys Asp
500 508 510

Glu Axg Phe Asp Pro Lau Thr Asp Ser Arg Val Gly Len Axg Ala Lys
515 520 535

Asp Ser Leu Gly Lys Asp Ile Thr Asn Asp Val Lys Val lys Ssr Bax
530 5315 540

Aso Val Asp Thr Ser Lym Pro Gly Glu Tyr Glu Val Val Phe Glu Val
545 550 555 560

Thr Asp Arg Phe Gly Lys Tyr Val Lys Lys Leu Ile Val Val Ile Val
565 570 5758

Pro Val Ile Asp Asp Glu Trp Glu Asp Gly Asn Val Asn Gly Trp Lys
580 585 590

Pha Tyr Ala Gly Gln Asp Ile Thr Leu Leu Lys Asp Pro Glu Lyw Ala
595 600 605

Tyr Lye Gly Olu Tyr Val Phe Tyr Asp Ser Arg His Ala Als Ile Sar
610 €15 620

Lys Thr Ile Pro Val Thr Asp Leu Gln Val Gly Oly Asn Tyr Glu Ila
6abk 630 835 640

Thr Val Tyxr Val Lys Ala Glu Ser Gly Asp Eis His Leu Lys Val Thr
45 650 655

Tyr Lys Lys Asp Pro Lys Gly Pro Glu Glu Pro Pro Val Phe Asn Arg
6860 663 670

Lau Ile Ber Thr Gly Lys Lan Val Glu Lyw Asp Tyr Arg Glu Leu Lys
675 630 685

Gly Thr Fhe Axg Val Thr Glu Lsu Asn Gln Ala Prao Leu Ila Ile Wal
830 695 700

Glu Asn Phe Gly Ala Gly Tyr Ile Qly Gly Ile Arg Ila Val Lys lles
708 o 718 720

Sar
721

S8EQ ID NO:3 (see example 1; ET70 specific primsr used in
colony blot hybridization searching for strains containing

ET70 hybridizable similar seguence)hM43

catcactttec cccatage
i8

N



SEQ ID NO:4 (see example 1; ET70 specific primer used in
colany blot hybridization searching for strains containing
ET70 hybridizable similar sequence)AM34

gacatgattt tacttttaga gc
22

BEQ ID NO:5 (see example §)
270-1 5" - GCATTTCATAGAGGATCAATTGG - 3° SEQIDNO: §
SEQID NO:6 (see axample 6)
22703 5" - TTITTCATCACTTTCCCCATA - 3" SEQID NO: 6
BEQ ID NO:7 (tIC851)

APATATTTTT AARGGGGGAT ACGTAATTIG AATTCTAAAT CTATCATOGA ARAAGGGGTA 60
CAAGAGAATC AATATATTGA TATTCGTAAC ATATGTAGCA TTAATGGTTC TGCTAAATTT 120
GATCCTAATA CTARCATTAC AARCCTTAACA GAMGCTATCA ATTCTCAAGC AOGAGCGATT 180
GCTGGAAAAA CTGCUCTAGA TATGAGACTT GATTTTACTC TOGTAGCAGA TATATACCTA 240
GUUTCTAARR GTAGTOGAGC TGATGGTATT GCTATAGCUT TTCATAGAGG ATCAATTGOT 300
TITATOGGER CCATUGHTG] ACGCTTAGAS ATICTAGGAG CACCAMACGG GATAGGATTT 360
GAAATAGATA COTATTOGAA AGCAACTTCA GATGARACAG GCGATTCATT TGGACATGOY 420
CAAATGAATG GRGCACATOC GGGATTIUTA MNITACAAATC GAAATGCAMI CTRATITAACA 480
QCCTTAGCTC CEIATGCARAA AATACCTGCA CCTAATARTA AATGGCOGGT TCTAACTATC 540
MATIGOGATG COGOUTARCAR CAMACTAACA GCACGGCTTC AAGAGAARAG TAATGATGCT 600
TCTACTAGCA CTCCTAGTCC AAGATATCAA ACATGOGAAC TATTARATCC TOCGTTTGAT 660
TTAMATCAGA AATATACTTT TATTATCOGC TCAGCTACAG GGGCTGCTAR TAACARGCAT 720
CAGATTOGAG TTACTTTUTT TGAAGCATAC TTTACAAAAC CAACTATAGA GGCARATCCT 780
QTTGATATTG ANCTAGGCAC AGCGTTTGAT CCATTAAACE ATGAGCCAAT TOGACTCAAR 040
GCARCAGATG ANGTAGATOG AGATATAACA AAGGACATTA OGGTAGARTT TAATGACATA 500
GATACCTCCA AACCAGITGC ATACCUTUTA ACATATAAAG TAGTAMATAG TTATGGAGAR 560
MITGATGAGA ARACAATAGA AQTCUTAGTA TACACGANAC CAACTATAAC TUCACATGAT 1020
ATTAQGATTA AGAAAGACTT AGCATTTGAT CCATTAAACT ATGAACCAAT TGGACTCAAN 1080
GCAACCGATC CAATTGATOG AGATATAACA GATAAAATCS CTGTAARATT TAATAATGTC 1140
GATACCTCTA AACCUGGTAA ATACCATGTA ACATATAAAG TGATAAATAG TTATGAAAAA 1200
ATTGATGAAA AMACAATAGA GGTCACAGTA TATACGAAAD CATCTATAGT GGCACATGAT 1260
GTTOAGATTA AARANGATAC GGCATTTGAT CCGTTAAACT ATGAACCAAT TOUGCTCAMA 1320
GCAACCGATC CAATIGATOG AGATATAACA GATAMAATTA COGTAGAATC TRATGATGTT 1380
GATACCTCTA ARCCAGGTGC ATATAGTOTG AAATATAAAG TAGTAARTAA TTATGAAGAA 1440
AGTGACGAAA AAACAATTGC OGTTACAGTA CCTGTTATAG ATGATGGOTG GUAGARTGGC 1500
GATCCGACAG GATOGAAATT CTTCTCTGGT GAAACCATTA CTCTAGAAGA. TGATGAAGAG 1560
CATGCTCTTA ATGUTAANTG GGTATTTTAT GCTGATARAS ATGTAGCAAT ATACAAACAA 1620



GTAUAGTTOA AGAATAATAT COCTTATCAA ATTACAGTAT ATGTTAAACC AGAAGATGAA 1680
GAANCTOTOG CACACCATAT TUTTAAAITA TCTTTCAAAT CTGATTCIOC TOGTCCAGAR 1740
ACTGARGANG TTATAAATGA ARGATTAATT GATUCAGAAC AGATACAAAA AGGATACAGA 1800
ARGTTAACAMR GTATTCCATT TACACCAACA ACCATTOTTC CCAACAAAMA ACCAGTGATA 1860
ATTGTTGAAA ACTITITACC AGGATOGATA QOTGGAGTTA GAATAATTGT AGAGCCTACA 1920
AAGTAMGAAT TATARACTAG CTTTTAATAR ATATATTTAA ARAAT

SEQ ID NO:8 (tICEB51 protein)

1965

MESXSIIERG VOENQVIDIR EICSINGEAK FDPNTNITTL TEAINSQAGA IAGKTALDME
RDFTLVADIY LGSKSBGADG IAIAYHRGSI GFIGTWIGCL GILGAFNGIG FEIDYTMEAT
SDETGDSFGH GOMNGAHAGY VHTMEMASYL TALAPNOKIP APNNENEVLT INWDARNNKL
TARLOEXSHD ASTSTPFSPRY (IWELLEPAF DLEDKYTFII GSATOAANNK EQIGVTLFEA

YFTEPTIEAN
VIYKVVNSYU
TDEIAVEFRN
DPLNYRPIGL
VPVIDDOWEN
QITVYVEKPED
TTIVPHKKFY

FVDIELOTAY DPLNHEPIGL KATDEVDGDI TEDITVEFND
ESDEKTIEVV VYTEKPTITAH DITIKXOLAF DPLMYEPIGL
VDTBEPGKYE VTYREVINSYE KIDEXTIEVY VITEFSIVAH
FATDPIDADI TOKITVESMD VDTSKNGAYE VEYEVVENYE
GDPIGNKFFS GETITLEDDE EHALNGEINVF YADEKHVAIYX
BGTVAMHIVK VEFKSDSAGP ESEEVINERL IDAEQIQEGY
IIVENFLPGN IGQVRIIVEP TX

Cry22: SEQ ID NO:9 (coding sequence)

atgaaagaac
ategacatte
attaomactt
ctagatatga
ggagoagucy
ggcggRggac
gogaatgoac
ttccotagtt
sgatggteat
catctggaga
acttttamtg
ttagtamate
ggtgcatcta
cegacaatag
tatccaggaa
actgtgasag
gtagagaata
cctacaatta
gattcasgag
aAggtanaat
gtgacagata
ccasgtatay
gatgcassag
aangtaaagt
gtgacggace
ccasgcattg
gattcaagag
asaatasant
gtgucagatec

gatguitgaat gygmagatgg saatgtgamt guttggeaat tctatgetgy geaagatatt'

aaactgttga

assatctans taaatatgat
gtcogatttt toaaacasat
tsacacangc tatamatagt
gacatgactt tasttttage
gtattgcaat cgcatttcat
ttgguatatt aggtgoacot
ctguggacga agtagycgat
teccasatgg atatoccoat
cagctotage teagatgeag
ttogtiggga tgotegtaat
acataactgt tggagegueg

gaaatenctg
gyatetgeta
caagcaqggag
geagatatte
aguggatcan
amagggutag
togtttouge
gctggettty
cgmatcgetg
aaagegttan
ccacygtactc

tacaagcage
catttaatte
caattgcagy
ttettggeac
ttgggtttgr
ggtttgaatt
atggggcaat
taagtactga
ctoccaancgy
ctgcaaatet

caAgaActgc

ctgcattiga acttgutcag sagtatactt ttgttating
atascctaca toagattggy attatagaat ttgatgcoats
ARgCHARLAR Eqtamatgtc ccagtgugag caacatttea
taantttang agcancagat gagutaguty gggatttgac
casacantgt taatscgtog asascgygtg tgtattatgt
gttatgggga aagtgatgas aasacpatcg aagtamctgt
ttgeangtga tgttguaatt gasmaaguyy aantcttttaa
taggtcttte tgcacaggat toattaggea atgatattac
cgagtaatgt ggatacttca asgcoagggg aatatgasgt
getttagtggy asasgcagan anagattica aggttacagt
asgegaatasa tgttgaatta gaaatagatg attcattgga
taggtctecg tgomaaggat tcattaggta atgatattac
tecaataacgt sgatacttca sattcaggsa agtatgaagt
gttttgguas asasgemgaa aassgtattg amgtccttge
fpgoaaatge tgttguggtt aatassggtg asacgtttge
tEkggcctceg tgomaaagac tcoattaggta atgatattac
caagtaatgt ggatacttoa aaaccaggtg aatatgaagt
gttttggtaa atargtagaa asascasttg gagttatagt

sggatcctga taaagcctat aaaggogatt atgtactcta
8

IDTEKPGAYR
KATDRIDGDI
DVEIKKDTAF
ESDEKTIAVT

QVELINNIPY
RELTSIFFIP

aagcgattat
taataceaat
aaagactgct
tasnagtanc
tLoggancanna
Agacacatat
gasaggatoa
taanpatagt
gegtggaga
tcaggattta
sacttggagy
ttoggcgacy
ctttactann

Lccaapanca
atcgaagutt
guegtattat
gttttcaaac
cechctanct
ccaaastgta
tgtattegan
ctttaggacayg
tccattaaca
geaaagacata
tatatttgana
cetaggagan
accattaace
gaaagatgtg
tgtatttgan
gooagtaatt

tgattctaga

50
120
is0
240
300
360
420
480
540
§00
632

60
120
180
240
300
3o
420
480
540
600
660
720
780
840
900
260
1020
1000
1140
1300
1360
1320
13a0
1440
1500
1560
1620
1680
1740
1800
1860

TJI

x



CACgttgcta tttctaasac aattocacta acggatttge asatsaatac saactatgaa 1920
attacagtgt atgotuasgce SQAARGCOIYC gutoAtcact tamuagtgac gtatsagean 1980
gaccofgead gtocagaaga googccagtt ttosatagac tgattiagemc sgycacattg 2040
gtagasasag attatagaga attaassgny acgttcocgog tamcagsatt asacaaagea 2100
ccattgatas tcgtagagaa ttttggaget ggatatatag gtggaattay aattgtgass 2160
atatogtaat aa L amn

Cry22: SEQ ID NO:10 (amino acid sequence)

1 MKEQNLNKYDETTVOAASDYIDIRPIFOTHGSATFESNTNITILIOAING 50
51 QAGAIAGKTALIMRHDFTFRADIFLGTKSNGADGIATAPHRGSIGFVGTX 100
101 GAGLOILGAPKGIGPELDTYANAPEDEVGDSFGHGAMKGSFRSTPNGYRH 150
151 AGFVSTDERSKMLSALAGMQRIAAPNGRWRRLETRMDASMKELTANLODL 200
201 TPNDITVGEKPRTPRTATWRLVMPAFELDQKYTFVIGOATGASKNLHOIG 250
251 I1TEFDAYFTRPTIEANMVRVFVGATFNPETYPGINLAATDRIDGOLTSKI 300
301 IVEANNVNTSKIGVYYVIVYVENSYGRSDEXTIEVIVFENPTIIASDVEL 350
351 EXCESINPLTDSRVGLAAQDELGNDITONVEVRSENVDTSKPGEYEVVFE 400
401 VIDEFUGKARKDPXVIVLGQRSTEANNVELEIDDALDPLTDARVGLRALD 450
451 SLGNDITRDIXVEFRNVDTSNBGKYEVIFEVIDRFGKKAEKBIEVLVIGR 500
501 PSIEANDVEVNRGETFEPLTDSRVALRAXDSLGHDITXDVKIKSSNVOTS 550
551 XPGEYEVVFEVIDRFGKYVECTIGVIVPVIDDEWEDGNVNGWEFYAGRDI 600
601 KLLXDPDEAYEGDYVFYDSREVAISKTIPLIDLQINTNYEITVYARARSG 650

651 DRELIVTYKKDPAGPEEPPVFNRLISTGTLVEXDYRELXOTPRVTELNEA 700

701 PLIIVERFGAGYIOGIRIVKIS 722
SEQ ID NO:11

ATTGRTCCTCT ATGRAAATGC 19
SEQ ID NO:12

GTTTCCCAAAT GGATATCC 18
SEQ IDNO:13

GGATATCCATT TGGGAARC 18

e



SEQ ID NO:14
ATCTAATAALC TACATCAGA

SEQ ID NO:15
TCTGATGTAD GTTATTAGAT

SEQ ID NO:16
TATGGIAAAR GTAATGAARM

SEQ ID NO:17
ATGTTAGAATT AGAARTAG

SEQ ID NO:18
CTATTICTAA TTCAACAT

SEQ ID NO:19
AAMGTCCTTAT TCTAGAMIAA

SEQ ID NO:20
TTCTCCTAGA ACAAGGACTT

SEQ ID NO:21
TATGTATICT ATGATTCTAG

SEQ IDNO:22
CTAGAATCAT AGRATACATA

10

19

18

18

S
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SUPERINTENDENCIA

2do. EXAMEN DE FORMA PATENTE DE INVENCION

o o5

Radicacién no 01-38451
Concepto Técnico no. 487
Clasificacion Intemacional de Patentes : AO1NG1X00

Practicado el examen de acuerdo a lo establecido en el Art. 38 de la Decisién 486 se determind
que esta solicitud de Patente de Invencitn:

‘ SI[¥]

Si[]
SI{¥}
SIv]

SIfv]
SI[ ]

SI[]

@ S

Siv)

NO[]
NO([]
NOT ]
NO[ ]

NO[ ]
NO[ ]

NOI |

NO[ ]
NO| ]

SI[Y] NO[]

Contiene un resumen de la invencion (Art.26-e).
Contiene el tftulo 0 nombre de la invencién (At.27-d).

Contiene la descripcién de la invencion (ArL26-b).

NO ES APLICABLE [ ] Contisne los dibujos necesarios para comprender la invencidn
{Art26-d)

Contiene una o mas relvindicaciones. (Art.26-c).
NO ES APLICABLE [ ] Han sido desarrollados los productos y/o procedimientos a partir

de recursos genéticos o de sus productos derivados de los que cualquiera de los Palses
Miembros es pais de origen. (Art. 26- h).

NO APLICABLE [Y]Los productos y/o procedimienios han sido obtenidos o
desarroliados a partir de los conocimientos tradicionales de las comunidades indigenas,
afroamericanas, o locales de los palses miembros, de acuerdo a lo establecido en la
Decisidn 391 y sus modificaciones y reglamsntaciones vigentes.(Art.26-).

La invencién se refiere a un producto relativo a un material bioldgico. (Art.26-J).
La priorided coincide con la materia reivindicada.
CUMPLE LOS REQUISITOS TECNICOS

OBSERVACIONES Y OTROS: SI[¥] NO [ ] ver hoja(s) anexa(s)

EXAMINADOR TECNICO
202044

Bogotd D. C. Merzo 4 de 2003.

Carrera 13 No. 27-00 Plso 5y 10
Conmutador: 334 12 21-2-34
Faxc 281 31 25 e-mail: inlo@dc.gov.co
Santa Fe de Bogotd D.C - Colombia
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Concepto técnico no. 497
OBSERVACIONES

o Anexa el documento mediante el cual relvindica prioridad # 60/204,367 Follos 244-347,
0 Anexa el documento de ceaidn de derechos del inventor al solicitants. Follos 230-239.

o Anexa el documento de poder y el documento que acredita la representacién legal de la sociadad
solicitante. Folics 240-243

EXAMINADOR TECNICO

4 20204

Bogoté, Marzo 4 de 2003.

Carrera 13 No. 27-00 Flso 5y 10
Gonmutador: 334 12 212
Fax: 281 31 25 e-mall: Info@uic.gov.co
Sania Fe de Bogotd D.C. - Colombia
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2020
Bogota DC

Doctor(a)
EMILIO FERRERO
Apoderado{a)

REFERENCIA: Radicacion No. 01-38451

Trédmite 002
Evento 001
Actuacion 418
Oficlo No. 492
Folios 001

Tenlendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en la referencia, redne los requisitos de forma establecidos en los
asticulos 26 y 27 de la Decisién 486 de la Comisién de la Comunidad Andina, y en las
demds disposiciones vigentes sobre la materia, 86 envia el extracto de ia solicltud a la
Oficina de Comunicaciones para efecto de su publicacién en la Gaceta de Propiedad
Industrial, conforme lo establece el articulo 40 de la misma Decisién.

(-}

ggg'op;”BogoHDc.alos 25 NAR 2000

Jefe-de la Divisjon de Nuevas Creaclones

202044

Carrera 13 No. 2700 Plso 5y 10
Conmutador; 334 12 21-2-34
Fax: 281 31 25 e-mall: Info@dc.gov.co
Santa Fe de Bogotd D.C. - Colombia
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Industria y Comercio
SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 01-038451

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 530, DE

FECHA 31 DE JULIO DE 2003, EL TERMINO HABIL SENALADO POR LA LEY

EXPIRA EL 28 DE OCTUBRE DE 2003.

NOTA: Dentro del plazo ds los seis (6) meses siguientes a partir de la fecha de publicacion
en la gaceta de Propledad Industrial, deberd solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decision

486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
Sl NO__ X

Bogota D.C., Febrero de 2004



SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RADICACION: 1-38451 EDICTO No. 3214 Z

LA SECRETARA GENERAL AD-HOC
HACE SABER:

Que esta Superintendencia profild Resolucldn No. 2463 de 12-FEB-2004. Que el contenido de la parte resolutiva ea como sigue: El
Superintendente de {ndustria y Comerncio.

RESUELVE

ARTICULO PRIMERO: Declarar sbandonada ia eolictud da privileglo de patanta de
invencidn contankia en el spedients da ia referencia.

ARTICULO SEGUNDO: Notfficar personaimanie of contenkio de ln presenie resolucidn
al doctor Emiio Femero, © @ quisn haga sus veces, quien actis como spoderado de
Monsarmo Tachnology Lic., entregéndole copla de la miamse, advirtiéndole que contra
slla procede el racurso da reposicidn interpuesto anta el Superintendenia de industria y
Comerclo, al momento de le notificacién o dentro de los 5 dias hiblles sigulantes a elta.

NOTIFIQUESE Y CUMPLASE
Dada en Bogotd, D.C.afos |2 FEB 2004

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO,

Para notificar a los interesadaos, se fija el presents EDICTO en lugar visibls al giblico sn la SUPERINTENDENCIA DE INDUSTRIA Y
COMERCIO, por el #mino de (10) diez dias hdpiles contados a partir de las 8:30 a.m. da hoy. g

Secrataria Ganeral Ad-Hoc 23-MAR-2004 Exate adicin se dasfljs hoy 35-ABR-2004 = igs cince (5:08 p.m.)
Secretaria General Ad-Hoc
EDICTO No. 3214



