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Solicitante: SYNGENTA PARTICIPATIONS AG 

RESPUSTA AL EXAMN DE FQNDO 

*ARGARITA CASTELLANOS ABONDANO, mayor de edad, Identificada y domiciliada 

como aparece at pie de ml firma, atentamente me permito presenter respuesta at oficio No. 

12598, notificado pot fijaciOn en hsta el 5 de octubre de 2007 correspoidiente at examen de 

fondo, estando dentro del tØrmino legal en los siguientes tØrrninos: 

Claridad y UMW de InvenciOn 

E-n primer Iuar, presento nuevo capituto reivindicatoljo compuesto par 31 reivindtcaciones 

donde se han realizado las ’siguientes mthficaciones con el fin delsuperar las objeciones 

hechas por su Despacho a la; presente sohcItud de patente: 

LasreIvindlcaciofleS 1,8,11-16,20 y 22 han side modificadas 

Las refvindicaciones 2-7, 9 y 10 han side eIimiradas . 

Las reivir,dicaciQnes 19-21 han side adiciofladas 
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Las reivindicaciones fueron modificadas con el fin de limitar a solo un sitio de 

reconocimiento de serina proteasa. El sustento para esta modificación se encuentra, en la 

pÆgina 11, lineas 5-9. Los inventores reportan por primera vez que una serina proteasa es 

abundante en el intestino del gusano de Pa raiz de maiz del oeste, diseæaron un sitio de 

reconocimiento para dicha serina proteasa y crearon una toxina activa mediante ingenieria 

del sitio de una proteina Cry3A no activa. 

El solicitante proporciona mUltiples ejemplos de realizaciôn que sustentan los sitios de 

inserción reclamados en el dominio I entre los amino6cidos 107 y 115; en el dominio lii entre 

los aminoÆcidos 536 y 542; y en el dominio I entre los aminoÆcidos 107 y 115 Y dominio Ill 

entre los aminoÆcidos 536 y 542. El Ejemplo 3 divulga inserciones en el dominio I entre los 

aminoÆcidos 107 y 113 (PÆgina 60); dominio I entre aminoÆcidos 111 y 107 (Pagina 61); 

dominio Ill entre aminoÆcidos 540 y 541 (PÆgina 62); dominio Ill entre aminoÆcidos 539 y 

542 (Pagina 63); dominio I entre los aminoÆcidos 107 y 113 y dominio Ill entre aminoÆcidos 

540 y 541 (PÆgina 66); y dominio I entre aminoÆcidos 107 y 111 y dominio Ill entre 

aminoÆcidos 539 y 542 (Pagina 67). 

En consecuencia, el objeto de la presente solicitud ha sido claramente definido teniendo en 

cuenta las modificaciones realizadas al capitulo reivindicatorio. Igualmente las objeciones por 

claridad y unidad invenciôn se deben tener como superadas en vista de dichas 

modificaciones. 

Excepciones de patentabilidad 

Con el fin de superar esta objeciôn, las reivindicaciones dirigidas a plantas han sido 

modificadas y estªn ahora dirigidas a cØlulas de maiz o cØlulas de raiz de maiz. Igualmente, 

las reivindicaciones dirigidas a semillas han sido eliminadas. 

Nivel Inventivo 

El problema a resolver en la presente solicitud fue convertir la proteina Cry3A nativa, clue no 

tiene actividad contra el patogeno objetivo, el gusano de la raiz de maiz del oeste 

(Diabrotica virgifera), en una protelna activa contra dicho patôgeno. Los inventores 

resolvieron el problema identificando primero una actividad proteasa que era abundante en el 

intestino 

a 
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del insecto objetivo. De manera sorpresiva e inesperada, los inventores identificaron una 

actividad serina proteasa en el intestino del gusano de la raiz de maiz del oeste (ver Tabla I 

en pÆgina 58). Antes de la presente divulgaciôn, se crela que las proteasas predominantes 

en los insectos coleôpteros eran las cisteina proteasas (ver pagina 6, lineas 12-16 y pªginas 

57-59, Ejemplo 2). Los inventores tambiØn demostraron que el intestino del gusano de la raiz 

de maiz del oeste no procesa el sustrato de tripsina R-R (Tabla 1 pâgina 58). Basados en 

este descubrimiento, se insertô una secuencia de serina proteasa, MPF, en el Dominio I, 

Dominio Ill y Dominios I y Ill en multiples ubicaciones dentro de los dominios de la proteina 

Cry3A, de manera que la Cry3A modificada pudiera ser procesada por el intestino del insecto 

objetivo en toxinas insecticidas activas. 

Ahora bien, nuestro apoderado respetuosamente disiente con las afimiaciones del seæor 

Examinador quien afirma que las reivindicaciones se refieren a mÆs de un invento. El 

problema a ser resuelto en el presente caso fue convertir una protemna Cry3A nativa, que no 

tiene actividad contra el patogeno objetivo, gusano de la raiz de maiz del oeste (Diabrotica 

virgifera virgifera) en una toxina activa contra dicho patôgeno. 

Los inventores resolvieron este problema identificando ciertas regiones dentro de la protelna 

en las cuales se puede insertar una secuencia de reconocimiento de serina proteasa no 

presente naturalmente para crear una toxina activa. Igualmente, disiente el Solicitante con la 

afirmaciôn del Examinador cuando indica que no es posible verificar silas molØculas tienen 

la misma actividad. La solicitud enseæa a una persona versada en el arte cômo producir Is 

molØcula reclamada y cômo ensayarla contra el gusano de la raiz de maiz del oeste (ver 

Ejemplo 4, pâginas 68-69). Igualmente, la solicitud divulga que todas las proteinas Cry3A 

modificadas en el dominio I, dominio III o dominio I y dominio Ill tienen la misma actividad 

contra el gusano de la raIz de maiz del oeste. 

Ahora bien, tal como se mencionó anteriormente, el problema a resolver en este caso fue 

convertir la protelna Cry3A nativa, que no tiene actividad contra el patógeno objetivo, el 

gusano de la raIz de maiz del oeste (Diabrotica virgifera virgifera) (ver por ejemplo Dl, 

pÆgina 150, linea 
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12), en una protelna activa contra dicho patógeno Los inventores resolvieron el problema 

idØntificando primero una actividad proteasa que era abundante en el intestino del insecto 

objetivo. De manera sorpresiva e inesperada, los inventores identificaron una actividad serina 

proteasa similar a catepsina G en el intestino del gusano de la raiz de maiz del oeste (ver 

Tabla 1). 

Antes de la presente divulgaciôn, se crela que las cisteina proteasas eran las proteasas 

predominantes en los insectos coleôpteros (ver pªgina 6, lineas 12-16 y pªgina 57-59, 

Ejemplo 2). Los inventores tambiØn demostraron que el intestino del gusano de la raIz de 

maiz del oeste no procesa el sustrato de tripsina R-R (labIa 1 en pÆgina 58) Basados en 

este descubrimiento, se insertó una secuencia de catepsina G, AAPF, en el Dominio I, 

Dominio III y Dominios I y Ill en multiples ubicacionesdentro de los dominios de Ia proteina 

Cry3A, de manera que la Cry3A modificada pudiera ser procesada por el intestino del insecto 

objetivo en toxinas insecticidas activas. Sobre este punto pongo de presente a su Despacho 

que no existen en Dl enseæanzas que motivaran a una persona versada en el arte, frente a 

este problema tØcnico, a lograr to que la presente invención logra. 

El documento Dl enseæa que una proteina Cry3Bb nativa no modificada tiene actividad 

insecticida contra los patogenos objetivo gusano de la raiz de maiz del sur (Diabrotica 

undecimpunctata howardi) y gusano de la raiz de maiz del oeste. 

Dl tambiØn enseæa que la inserciôn de un sitio de reconocimiento de tripsina adicional 

(arginina) en la horquilla 1a3,4 del dominio I de la proteina Cry3Bb incrementa la actividad de 

Cry3Bb contra el gusano de la raiz de maiz del sur. Igualmente, Dl enseæa que la inserciôn 

de un sitio de reconocimiento de proteasa adicional, de un tipo que estâ naturalmente 

presente en la horguiHa 104, mejora la bioactividad de Cry3Bb contra el gusano de la raiz 

de maiz del sur. Por ejemplo, Dl enseæa la inserción de un sitio de tripsina adicional (R158) 

inmediatamente corriente arriba del sitio de tripsina naturalmente presente (R159) en la 

horquilla 1 a3,4, creando un sustrato de tripsina "R-R". 

43 
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En contraste, la reivindicaciOn I de la presente solicitud reclama la inserciôn en el Dominio I, 

Dominio III, o Dominios I y III de Cry3A de un sitio de reconocimiento de proteasa que no 

estÆ naturalmente presente, y que modifica la proteina Cry3A, convirtiØndola de una 

proteina no activa contra el patógeno, en una toxina activa. Las construcciones del 

Dominio I estân ejemplificadas en la presente aplicaciôn, en las cuales un sitio de 

reconocimiento de proteasa no presente naturalmente, AAPF, que no estÆ presente en 

ningUn lugar de la secuencia de Cry3A nativa, se inserta en Ia region de la horquilla 10,4. 

La presente solicitud demuestra que agregando el sitio AAPF a la horquilla 1a3,4 corriente 

arriba del sitio nativo de tripsina (arginina), se crea una proteina activa denominada 

Cry3AO55 (SEQ ID NO:9) pero tamblØn demuestra que reemplazando el sitio de tripsina 

nativo en la horquilla 1a3,4 con la secuencia AAPF se crea una proteina activa contra el 

gusano de la raiz de maiz del oeste denominada Cry3A054 (SEQ ID NO:7). Por 10 tanto, la 

presente solicitud enseæa a una persona versada en el arte que una proteina Cry3A no 

activa puede ser diseæada para ser una toxina activa contra el gusano de la raIz de maiz del 

oeste insertando un sitio de proteasa no natural el [a horquilla 1a3,4 adicionado al sitio de 

reconocimiento de proteasa natural o en lugar del sitio de reconocimiento de proteasa 

natural. En consecuencia, DI no sugiere ni hace obvia la presente invenciôn. 

Por otro lado, DI afirma que Cry3A y Cry3B son altamente homologos. De hecho, Cry3A y 

Cry313 presentan solo un 68% de identidad a lo largo de toda la secuencia de aminoâcidos 

(ver Anexo A adjUnto) y, mÆs importante, presentan solo un 42% de identidad en la region de 

la horquilla 1a3,4 del Dominio I. 

DI enseæa que la horquilla 1a3,4 es importante para permitir que la toxina forme canales 

iônicos en el intestino del insecto. Dl tambiØn indies que realizar cualquier camblo en esta 

regiOn de la horquilla puede resultar en cambios sutiles que influencien Ia funcionalidad del 

canal iónico (DI, pÆgina 61, Ilneas 25-27). Por lo tanto, en base a la divulgaciôn de DI 

relacionada a Cry313, una persona versada en el arte no podrIa predecir 0 esperar un 

resultado positivo de la inserción de una secuencia de reconocimiento de protesas no natural 

en Ia regiOn de Ia horquilla 1a3,4 de la proteina Cry3A. 
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DI ensea que la inserciOn de un sitio de proteasa adicional en una region de la horquilla del 

Dorninlo I de Cry3Bb resulta en una actividad incrementada de la proteina Cry3Bb contra el 

gusano de Ia raiz de malz del sur. Di bass esta afircnaciOn en Ia actividad insecticida de la 

mutante designada Cry3Bbl 1221 (ver Dl, Ejeniplo 5.2.7, pâgina 129-130): Sin embargo, Dl 

no proporciona absolutamente ninguna evidencia de que el, aumØnto en Is bioactividad de 

esta mutante sea debido a una arginina adicional (R) en la region de Ia horquilla 1a34. 

Dl divulga que Cry3Bbl 1221 tiene cuatro sustituciones de arninoâcidos en la  horquilla 104 

incluyendo La sustituciOn L158R que introduce un sitio de tripsina adicional (var Ia labia 2 en 

la pÆgina 15; y en pÆgina 129; ilnea 26). Las otras tres sustituciones de aminoacidos, T1 54F, 

P155H, y L156H, no son necesariamente para el redonocirniento de una proteasa como la 
tripsina, que reconoce .y coda, el lado carboxilo de residuos de arginina disponibles. El 
soficitante ha analizado estos cambios y ha encontrado qua las cuatro sustituciones de 
aminoÆcido cambian significativamØnte el indice hidropÆtico de Is horquilla I a3,4 (vet Anexo 

B adjunto). 

Dl indicâ qua el carÆcter hidropÆtico de los arninoÆcidos en las horquillas "contribuye a la 

estructura secundaria de lŁ proteina resultante, que a su vez define la interäcción de la 

proteina con otras molØculas, por ejemplo, sustratos, receptores y similares" (Dl en pâgina 

56, lineas 1-14). Por to tanto, no seria claro pars una persona versada en el arte, basada en 

lo divulgado por Dl, determinar silos responsables de Ia bloactividad incrementada de 

Cry3Bbl 1221 contra el gusano de la raiz .de malz del sur es el sitlo adicional de 

reconocimiento de tripsina (arginina) o las otras sustituciones de aminoÆcidos. 

� Dada Is baja identidad entre Cry3A y Cry3B en ía region de la horquilla Ia3,4, Ia divulgacion 

de la proteina mutante Cry3Bbl 1221 no harla obvia Is presente invenciOn. 

be hecho, Dl se contradice a si misma, to que alejaria a una persona versada en el arte de 
la presente invenciOn. Di enseæa que los residuos de aminoÆcidos del Dominlo I estÆn 

expuestos a solvent 
es y estÆn por to tanto disponibles para vanas interaccionesmoleculares. 
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Dl especificamente afirma que "la alteraciôn de estos aminoâcidos podria resultar en mayor 
estabilidad de la proteina eliminando u ocluyendo sitios sensibles a proteasas" (ver Dl 

en pªgina 61, lineas 27-30). Entonces, por un [ado Dl sugiere a la persona versada agregar 

sitios de proteasas adicionales a la horquilla 1a3,4 y por otro, sugiere eliminar estos sitios. 

Esta contradicciôn puede alejar a la persona versada en el arte de la presente invenciôn o at 

menos sugerir que la inserción de un sitio de proteasa en la region de la horquilla 10,4 

puede en realidad desestabilizar la proteina. En base a las enseæanzas de Dl una persona 

versada no esperaria Ilegar a Ia invenciôn tal como se reclama en la reivindicaciôn 1. 

Aün cuando uno asuma que la actividad mejorada de Cry3Bbl 1221 contra el gusano de la 

raiz de maIz del sur es debidô a la inserciOn del sitio de tripsina natural en la horquilla 10,4, 

Dl no enseæa que la mutante sea activa contra el gusano de la raiz de maIz del oeste. 

El solicitante afirma que la demostración de la bioactividad de una proteina contra el gusano 

de la raIz de maIz del sur no permite a una persona versada en el arte tener una expectativa 

razonable de predecir la bioactividad de una proteina completamente diferente contra el 

patOgeno objetivo de la presente invenciOn, el gusano de la raIz de maIz del oeste, como 

indica la reivindicaciôn 1. Si bien las dos especies pertenecen al mismo gØnero, existen 

diferencias significativas entre ambas, que son relevantes para el diseæo exitoso de una 

proteina insecticida. Una de estasdiferencias se relaciona con el ambiente del intestino y 

particularmente con las proteasas presentes en el intestino. 

Las larvas del gusano de la raiz de maiz del sur son polifagicas, alimentªndose de plantas 

de at menos ocho familias (Krysan & Miller 1986. Methods for Study of Pest Diabrotica, 

Springer-Verlag, p.19). Para ser exitoso en nutrirse de tantas plantas, Øste gusano debe 

tener una amplia diversidad de proteasas intestinales para procesar las diversas fuentes de 

alimento. La actividad cisteina proteasa, constituye la mayor actividad digestiva en el 

intestino medio de las larvas del gusano de la raiz de maiz del sur. La inhibiciOn de esta 

actividad enzimÆtica ha resultado en un retraso del crecimiento e incremento de la 

mortalidad. De hecho, se ha divulgado que la principal actividad proteasa en el gusano de la 

raiz de maIz del sur es una cisteina proteasa que prefiere sustratos que contienen un residuo 

de arginina en la posiciOn P1, por ejemplo R-R como se divulga en Dl (ver Fabrick et al. 

2002. Insect Biochem. Mol. 8101. 32:405-145;). 
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Por otro lado, las larvas del gusano de la raiz de maiz del oeste son monofâgicas, 

alimentªndose solo de raices de ciertas pasturas (Krysan & Millar 1986. Methods for Study of 

Pest Diabrotica, Springer-Verlag, p.19). Las larvas del gusano de la raiz de maiz del oeste 

por lo tanto no requieren una gran diversidad de proteasas para explotar este pequeæo rango 

de alimentos. 

Si bien se ha reportado que las cisteina proteasas son abundantes en el intestino del gusano 

de la raiz de maiz del oeste, la presente solicitud divulga por primera vez que la serina 

proteasa similar a catepsina G es abundante. 

Dadas las significativas diferencias entre los complejos de proteasas en el intestino de 

ambas especies, una persona versada en la materia no podrIa utilizar las enseæanzas de Dl 

para predecir el diseæo exitoso de una proteIna Cry3A modificada, en la cual se ha insertado 

un sitio de reconocimiento de proteasa no natural en el dominio I, dominio Ill o dominios I y 

III, que crea una protelna activa contra el gusano de la raiz de maiz del oeste a partir de una 

proteirta sin actividad. La presente solicitud sustenta por si misma el argumento de que la 

bioactividad contra una eØpecie de gusano de la raiz no permite predecir la actividad 

insecticida contra otra especie. De manera notable, las proteinas Cry3A modificadas de la 

presente invenciOn, que presentan altos niveles de actividad insecticida contra el gusano de 

la raiz de maiz del oeste, no tienen actividad alguna contra el gusano de la raiz de maiz del 

sur (ver Ejemplo 4 en las pâginas 68-69). 

En base a las enseæanzas de Dl, una persona versada en el arte no predeciria Øste 

resultado sorprendente. Los inventores de la presente solicitud identificaron una actividad 

proteasa especifica en el intestino del insecto objetivo, que en aquel momento era 

desconocida en el gusano de la raiz, diseæaron una Cry3A activa contra el insecto objetivos 

en base a la actividad proteasa descubierta, y diseæaron de modo sorprendente una proteina 

que fue selectiva, presentando actividad contra el gusano de la raiz de maiz del este y no 

contra el gusano de la raiz de maiz del sur. 



NEW 

I 
I Espaclo reservado Para el adhesivo de radflcaclOn Industria 

y 

Comercio 
S U P E R I N T E N D E N C I A 

FORM ULARIO UNICO DE CORRECCIONES V MODIFICACIONES 

SOLICITUD DE 

Fj Correccion de Errror Material Mothficacion a una solicitud 

GJ Nombre SYNGENTA PARTICIPATIONS AG IDENTIFICACION 
SOLICITANTE 

Dirección: Schwarzwaldallee 215 CC. NIT 0 
CH -4058 Basilea 
Suiza 

Domiciho CH -4058 Basilea C E 0 Otro 0 
Suiza 

Lugar de Constitucion Suiza Cual 

Numero TelØfono Fax 
E-mail 

Nombre: MARGARITA CASTELLANOS A. IDENTIFICACION 
REPRESENTANTE 
0 APODERADO Direcciôn: CaIle 94 A No.7 A-09 C.C. [] NIT 0 

TelØfono: 6107420 Fax: 610 0706 C.E. 0 Otro 0 
E-mail: maihalvarocasteIlanos.com Cual 

NUmero 39779.654 TPA 70.819 

0 Numero de Expediente 

04.017.803 

Descripcion de la correccion o modificacion solicitada 

Presento nuevo capitulo reivindicatorlo compuesto por 31 reivindicaciones sobre el cual solicito 
se realice el examen de patentabilidad 

(13 Comprobante de pago No 08-6,544 Fecha 24 de enero de 2008 

Anexos: 

Comprobante de pago de la tasa. 
Poderes si fuere el caso, junto con la sustituciôn de los mismos a mi favor. 
Documento que acredita Ia existencia 

y representaciôn legal de las partes, cuando sean personas juridicas 
Nuevo capltulo reivindicatorio 

t 
NOMBRE 2tLu Lu MARGARITA CASTELLANOS A FIRMAIV fCk t 

( 

(L- -a 
CC 39’179.654 Usaquen TPA 70.819 

csi 

Instrucclones Para el diligenclamiento del presente formulario, ver reverso de esta pÆgina 
- LPLIJDF-P1052 

ID 



_ 

MUM $DEEIA DE IDIJ91RIA V COflERCIU 

VT 800176089-2  

RECIDD, aFrci E c#3# 61544 
FECHA 

E08 
NERU 24 0E2008 04-017803. _00008-08m,

 

echa 2008-01-28 15:16:37 Dep 202 
Eve: 379 rca. 11 PATENTEIYI! 

Act. 444 RESPUESTAREQUE F 

$$$fl CONS ISNACION *1*1* 

---------------------------------------------------------------------------------------------

DEPOSITANTE TWO P4D BAWCD CUENTA No. PASO FECIIA P50 W. PASO 

AIVARO CAS1tLtI0S CONSI$ACI0N BANCO .DE DOBOTA 062754381 124%66 2310112008 70000000 

*t*** C 0 N C E P 1 0 *1*11 

--------_--------------------------------------------------------------------------------------------------
CANT. RtNIICP CONCERTO 10141. C*EPTU 

1 M5-ft-03 CANDID DE NODAU040 V NODIFICA 12 NARCAS V IENAS C0$ERCIALES 10,000.00 
TOTAL  

SON.
ON CIØ1OES NIL PESOS 

RESPONSABLE  

IEIBO DE CAR APt.IOO AL EPEDIETE No________________________ 



-r-z- - 

"-f 

REIVINDICACIONES 

1. Una toxina Cry3A modificada qua comprende un sitio de reconocimiento 

de proteasa no natural, donde dicho sitio’de reàoncirniento  de proteasa modifica 

una toxins CEr3A 
y 

estÆ situada en una posición seteccionada del grupo que -

consisteon: 

a) una poSici6n comprendida entre los aminoacidos que 
córresponden a los 

aminoacidos n(jrnems 107  115 de 
la SEC ID NO: 4; 

b) una posiciôn comprendida entre los aminoÆcidos que äoa-- a lee 

aminoÆcidos nCirnerbs 536 
y 

542 de la-’SEC -ID NO: 4; 
y 

C) :una posiciôn comprendida entre los aminoÆidos 4U0 06MMpoMWI-a -t 

amirÆcidos nctmeros l07y 115 de la SEC ID NO: 4; y entre4-amirtbàcC-que 

corresponden a los amircidos n(imeros 536 
y 542 de la SEC tO NO: 4; 

dónde dicho sitlo de reconocimiento do proteasa as reconocthle-por una proteasa 

460ai4gusano de -la raiz del rnalz del oeste, y donde d.itha toxina CrySA 

rnodtflcada -Causä una mortafidad mÆs.elevada on El usano ft la raiz -del rnalz del 

qt**-mortalidad causada por- dicha toxhia Cry3A at gtis no do ia ralz del 

maiz del oeste an un bioensÆyo de dieta-aftificiat. 

2. La toxina Cry3A modificada de 
- acuerdo con Ia reiirdiôaciOn 1, donde 

ta Seæna proteasa intestinal es catepsina G. - 

3. La tóxina Cry3A modificada de acuerdo con la reivindicaciôn 1, donde 

di’sitIo de reconocimiento desenna protbasa estÆ-: 

i)sittd* entre tos amindficidos nurneros W7 y 115 de la SEC ID NO: 4; o 

ii sit-i -los aminoÆcidos nUmeros 536 y542 do Ia SEC 10 NO: 4; ° ui} 

si entre-- los arnihoÆcidos nUmeros 107 
y - 

115 
y 

entre los aminoàcidos 

- 

nüæeros 58 y542 do la SEC ID NO: 4. - - - 
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4. La toxina Cry3A modificada de acuerdo con la reivindicaciOn 1, donde 

dicho sitio de reconocimiento de serina proteasa estÆ: 

i) situada entre los aminoÆcidos que corresponden a los aminoÆcidos nUmeros 107 

y 113 de la SEC ID NO: 4; o 

ii) situada entre los aminoÆcidos que corresponden a los aminoÆcidos nümeros 

107y 111 deIa SEC ID NO: 4;o 

iii) situada entre los aminoÆcidos que corresponden a los aminoÆcidos nUmeros 

536y 541 de la SEC ID NO: 4; o 

iv) situada entre los aminoÆcidos que corresponden a los aminoÆcidos nümeros 

540  541 de la SEC ID NO: 4;o 

v) situada entre los aminoÆcidos que corresponden a los aminoÆcidos nUmeros 

107 y113 de la SEC ID NO: 4; y entre los aminoÆcidos que corresponden a los 

aminoÆcidos nUmeros 540 y 541 de la SEC ID NO: 4; o 

vi) situada entre los aminoÆcidos que corresponden a los aminoÆcidos nUmeros 

107 y 111 de la SEC ID NO: 4; y entre los aminoÆcidos que corresponden a los 

äminoÆcidos nümeros 536 y 541 de la SEC ID NO: 4; o 

vii) situada entre los aminoÆcidos que corresponden a los aminoÆcidos nUmeros 

107 y 111 de la SEC ID NO: 4; y entre los aminoÆcidos que corresponden a los 

aminoÆcidos nümeros 540 y 541 de la SEC ID NO: 4. 

5. La toxina Cry3A modificada de acuerdo con la reivindicaciôn 4, donde 

dicho sitlo de reconocimiento de serina proteasa estÆ: 

i) situada entre los aminoÆcidos nUmeros 107 y 113 de la SEC ID NO: 4; o 

ii) situada entre los aminoÆcidos nümeros 107 y 111 de la SEC ID NO: 4; o 

iii) situada entre los aminoÆcidos nümeros 536 y 541 de la SEC ID NO: 4; o 

iv) situada entre los aminoÆcidos nümeros 540 y 541 de la SEC ID NO: 4; 0 

v) situada entre los aminoÆcidos nUmeros 107 y 113 y entre los aminoÆcidos 

? nómeros 541y 541 de la SEC ID NO: 4, o 

vi) situada entre los aminoÆcidos nümeros 107 y 111 y entre los aminoÆcidos 

nümeros 536 y 541 de la SEC ID NO: 4, o 

(3. 



vii) situada entre los àminoÆcidos nUmeros 107 y 111 y entre los arninoÆcidos 

nUmeros 540 y 541 de la SEC ID NO: 4. 

6. La toxina Cry3A modificada de acuerdo con la reivindicación  1, donde 

Iget5v" dicha toxina Cry3A modificada causa una mórtalidad depor lo menosun 50% en 

el gusano de la raiz del maiz del oeste, al cual dicha toxina Cry3A causa hasta un 

30% de mortalidad. 

7. La toxina Cry3A modificada de acuerdo con la reivindicaciôn 1, la  cual: 

(es codificada por los nucleôtidos 1-1791 de la SEC ID NO: 6, los nucleótidos 1-

106 de la SEC ID NO: 8, los riucleótidos 1-1812 de la  SEC ID NO: 10, los 

nucl66tidos1-1794 de la SEC ID NO: 12, los nuclØtidos 1-1818 de la SEC ID NO: 

14, los nucleôtidos 1-1812 de la SEC ID NO 16, los nucleótidos 1-1791 de  la SEC 

ID NO: 18o los nucleÔtidos 1-1818 de  la SEC ID NO: 20;o 

ryuria. (ii) comprende la secuencia de aminOÆcido establecida en las SEC ID NO: 7, SEC 

ID NO: 9, SEC ID NO: 11, SEC ID NO: 13, SEC ID NO: 15, SEC ID NO: 17, SEC 

ID NO: 19, SEC ID NO: 21. 

La molØcula de Æcido nucleico aislada de acuerdo con la reivindicaciôn 1, 

donde dicha toxina Cry3A modificada es activa contra el gusano de la raiz del 

= jnaiz del norte.7? 

9 Una molØcula de Æcido nucleico aislada comprendiendo la secuencia 

nucleotidica que codifica para una toxina Cry3A modificada de acuerdo a la 

reivindicación 1. 

10. Una molØcula de Æôido nucleico aislada de acuerdo a la reivindicación 9 

comprendiendo la secuencia nucleotidica que codrilca para una toxina Cry3A 

modificada de acuerdo a cualquiera de las reivindicaciones 2 a8. 

14 
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(3 Un gen c,y3A modificado que comprende una secuencia de nucleôtidos 

que codifican para una toxina Cry3A modificada comprendiendo un sitio de 

reconocimiento de serina proteasa que no ocurre naturalmente, en donde dicho 

gen cry3A modificada comprende una secuencia codificante que codifica dicho 

I4- A. sitio de reconocimiento de serina proteasa, en donde dicha secuencia codificante 
oio 

cs4b 
modifica al gen cry3A y estÆ insertada en una posición seleccionada del grupo que 

oIco consiste en: 

a) una posición entre los codones que codifican para los aminoÆcidos 

correspond ientes a aminoâcidos nUmero 107 y 115 de la SEQ ID NO:4; 

b) una posiciôn entre los codones que codifican para los aminoâcidos 

correspond ientes a aminoÆcidos nUmero 536 y 542 de la SEQ ID NO:4; 

C) una posiciOn entre los codones que codifican para los aminoÆcidos 

correspond ientes a aminoÆcidos nUmero 107 y 115 de la SEQ ID NO:4, y entre los 

codones que codifican para los aminoÆc,dos correspond ientes a aminoÆcidos 

nUmero 536 y 542 de la SEQ ID NO:4, 

en donde dicho sitio de reconocimiento de serina proteasa es reconocible P01 una 

proteasa de intestino del gusano de raiz de maiz del oeste, y donde dicha toxina 

Cry3A modificada causa una mortalidad mÆs alta al gusano de la raiz del maIz del 

oeste que la mortalidad causada por dicha toxina Cry3A al gusano de la raiz del 

maIz del oeste en un bioensayo de theta artificial. 

12. El gen cry3A modificado de acuerdo a la reivindicación 11, en donde 

dicha serina proteasa es catepsina G. 

13. El gen cry3A modificado de acuerdo a la reivindicacion 11, en donde 

(I) dicha secuencia de nucleótidos comprende los nucleótidos 1-1791 de la SEC 

to 10 
to. 

ID NO: 6, los nucleOtidos 1-1806 de la SEC ID NO: 8, los nucleótidos 1-1812 de la 

SEC ID NO: 10, los nucleOtidos 1-1794 de la SEC ID NO: 12, los nucleOtidos 1-

1818 de la SEC ID NO: 14, los nucleOtidos 1-1812 de la SEC ID NO: 16, los 

nucleótidos 1-1791 de la SEC ID NO: 18 o los nucleôtidos 1-1818 de la SEC ID 

NO: 20; 0 



WOM 

(ii) dicha toxina Cry3A modificada comprende la secuencia de aminoÆcido 

establecida en las SEC ID NO: 7, SEC ID NO: 9, SEC ID NO: 11, SEC ID NO: 13, 

SEC ID NO: 15, SEC ID NO: 17, SEC ID NO: 19, SEC ID NO: 21. 

14. El gen cry3A modificado de acuerdo a la reivindicación 11, donde dicha 

toxina Cry3A modificada es activa contra el gusano de la raiz del maiz del norte.7? 

8 Una cØlula de raiz de maiz transgØnica que comprende una secuencia 

de nucleOtidos que codifican una toxina Cry3A modificada de acuerdo a la 

reivindicación 1 en donde dicha cØlula de raIz de maiz transgenica expresa dicha 

toxina Cry3A modificada en el tejido de raiz a un nivel que causa la mortalidad del 

gusanode raIz de maiz deloesteY? 

16. Una cØlula de raIz de maIz transgØnica que comprende un gen cry3A 

modificado que comprende una secuencia de nucleótidos que codifica una toxina 

Cry3A, siendo dicho gen cry3A modificado como se define en la reivindicación 11, 

en donde dicha cØlula de raIz de maIz transgenica expresa dicha toxina Cry3A 

modificada en el tejido de raIz a un nivel que causa la mortalidad del gusano de 

raiz de maiz deloeste.? 

17. La cØlula de raiz de maiz transgØnica de acuerdo a la reivindicaciôn 15, 
It 

en donde dicho sitio de reconocimiento de serina proteasa es 
&4 O 

I) ubicado entre los aminoÆcidos nUmero 107 y 111 de SEQ ID NO:4; a 
10 

ii) ubicado entre los aminoÆcidos nümero 540 y 541 de SEQ ID NO:4; a 

iii) ubicado entre los aminoÆcidos nümero 107 y 111 de SEQ ID NO:4 y entre los 

aminoªcidos nümero 540 y 541 de SEQ ID NO:4. 

18. La cØlula de raIz de maiz transgenica de acuerdo a la reivindicaciOn 15 o 

reivindicación 16, donde 

ic, 
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(i) dicha secuencia de nucleótidos comprende los nucleôtidos 1-1806 de la SEC 

ID NO: 8, los nucleôtidos 1-1818 de la SEC ID NO: 14, los nucleótidos 1-1791 de 

la SEC ID NO: 18; o 

(ii) dicha toxina Cry3A modificada comprende la secuencia de aminoÆcido 
45- 1 

establecida en las SEC ID NO: 9, SEC ID NO: 15, SEC ID NO: 19. 

19. La cØlula de raiz de maiz transgØnica de acuerdo a la reivindicaciôn 15, 

donde dicho tejido de raIz causa un 40% de mortalidad at gusano de raiz de maiz 

del oeste 

20. La cØtula de raiz de maIz transgØnica de acuerdo a la reivindicación 15, 

donde dicha cØtula de raiz expresa la toxina Cry3A modificada a un nivel suficiente 

para 

S\ (i) prevenir que el gusano de la raiz del maiz del oeste deteriore seriamente las eZ 

raices de una planta transgØnica; o 

(ii) prevenhr que el daæo producido por la alimentación del gusano de la raiz del 

maIz del oeste cause que la planta se caiga. 

1 21 Un mØtodo para controlar la infestación de plantas de maiz por el 

cfP ’ gusano de la raiz del maIz del oeste, comprendiendo el mØtodo: 

I) proveer la planta transgØnica de maiz de acuerdo a la reivindicación 15; y 

ii) contactar dicho gusano de la raiz del maiz del oeste con la planta. 

9 Un mØtodo para producir la toxina Cry3A modificada, que comprende: 

(a) obtener una cØlula huØsped bacteriana transgØnica que comprende una 

construcciôn quimØrica comprendiendo la secuencia de un promotor heterologo 

operativamente unido con el Æcido nucleico de la reivindicachOn 9; 

(b) cultivar la cØlula huesped transgØnica bajo condiciones que permiten la 

expresiOn de la toxina Cry3A modificada; y 

(c) reocuperar la toxina Cry3A modificada expresada. 

1+ 



Un mØtodo para producir plantas resistentes a insectos, comprendiendo: 

a) integrar establemente la molØcula de Æcido nucleicos de acuerdo a la 

reivindicaciOn 9 en el genoma de cØlulas de plantas; y 

b) regenerar plantas transformadas establemente a partir de dichas cØlulas de 

plantas transformadas, donde dichas plantas establemente transormadas 

expresan una cantidad efectiva de toxina Cry3A para tornar dihcas plantas 

transformadas resistentes al menos al gusano de raIz de maiz del oeste. 

yp1- U4.Un mØtodo para controlar al menos el gusano de raiz de maiz del oeste, 
c.idv A que comprende administrar oralmente al gusano de la raIz del maiz del oeste una 

cantidad efectiva de toxina de acuerdo a la reivindicación 1. 

9 Un mØtodo para hacer una toxina Cry3A mod ificada, que comprende: 

a) obtener un gen cry3A que codifica para una toxina Cry3A; 

b) identificar una proteasa de intestino del gusano de raIz de maiz del oeste; 

(a) obtener un gen cry3A que codifica una toxina Cry3A; 

(b) identificar una proteasa intestinal del gusano de la raiz del maIz del oeste; 

(C) obtener una secuencia nucleotidica que codifica un sitio de reconcimiento 

para dicha proteasa intestinal; 

(d) insertar dicha secuencia nucleotidica en dicho gen cry3A, de modo que dicho 

sitio de reconocimiento estØ situado en dicha toxina Cry3A en una posiciOn 

comprendida entre los aminoÆcidos que corresponden a los aminoÆcidos nümeros 

107 y 115 de la SEC ID NO: 4, o en una posiciôn comprendida entre los 

aminoÆcidos que corresponden a los aminoÆcidos nUmeros 536 y 542 de la SEC 

ID NO; 4, o en una posiciôn comprendida entre los aminoÆcidos que corresponden 

a los aminoÆcidos nümeros 107 y 115 de la SEC ID NO; 4, y entre los 

aminoÆcidos que corresponden a los aminoÆcidos nümeros 536 y 542 de la SEC 

ID NO; 4, creando de este modo el gen cry3A modificado; 

(e) insertar dicho gen cry3A modificado en un cassette de expresiOn; y 
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Abstract 

The nujor proteüiase activity in extracts of larval midguts from the southern corn rootworm (5CR). Diabrotica nnLkcsmpuncf4ta 
howardi, was identified as a cysteine proteinase that prefers substrates containing an argmine residue in the Pt position. Gelatin-
zymogram analysis of the midgut prnteinases indicated that the artificial diet-fed SCR. corn ront-fd SCR. and root-fed western 
corn rootworms (Diabrotica virgifera virgjfero) possess a single major proteinnsc with an apparent molecular mass of 25 kt)a and 
several minor proteinases. Similar proteinase activity pH profiles were exhibited by root-fed and diet-fed rooIorms with the optimal 

activity being slightly acidic. Rootworm larvae reared on corn roots exhibited significantly less cascinolytic activity than those 

reared on the artificial diet. Midgut pnneelytic activity from SCR was most sensitive to inhibition by inhibitors of cysteinc protein
-Furthermore, rootworm proteinase activity was particularly sensitive to inhibition by a commercial protein preparation t’rom 

potato tubers (PIN-H). One of the proteins, potato cysteine proteinase inhibitor-10’, PCPI-10’. obtained from PIN-11 by ion-exchange 

chromatography, was the major source of inhibitory activity against rootworm proteinase activity. PCPI-10’ and E-64 were of 
comparable potency as inhibitors of southern corn rootwonu proteinase activity (ICM, =31 and 35 aM, respectively) and substantially 

more effective than chicken egg white eystatin (iC,, =121 nM). incorporation of pci- tO’ into the diet of SCR larvae in l’ie&ting 

trials resulted in a significant increase in mortality and growth inhibition. We suggest that expression of inhibitors such as PUPI-

10’ by transgcnic corn plants in the field is a potentially attractive method of host plant resistance to these Diabrotica Species. C 
2002 Flscvicr Science Ltd. All rights reserved. 

Kevsvrds: Midgut: Rootwaim: Cysteinc proteinase: Potato inhibitor t.ngineered host plant resistance 

1. Introduction 

The southern corn rootworm, Diabrotica undeclm-
punctara howardi, inłsts the roots of many grass crops 

* Corresponding author. Tel.: +1-785-532.6117; fax: +1-785-532-
727& 

E-mail klnuser: knuneiicrksu.edu N.J. Kramer). 
rceek4tsuedu (Cit. Reeck). 

Present address: Genomic Solutions inc.. Ann Arbor, Ml 48103. 
USA. 

Csmesponding address: GMPRC. 1515 College Avenue, Manhat-
tan, KS 66502. USA. Tel.: +1-785-776-2711. fax: +1485-537-5584. 

and weeds as well as those of peanuts, alfalfa, and 
occasionally cucurbits (Anonymous, 1998). it is one of 
the most damaging pests of corn and peanuts and is 
widely distributed., occurring in most areas east of the 
Rocky Mountains, in southern Canada and in Mexico, 
but it is most abundant and destructive in the southern 
US. The beetles are general feeders on at least 280 plant 
species, including most cultivated crops. 

Both cultural and chemical methods arc used to con-
trol rootworms. For example, early plowing and/or dis-
king at least 30 days before planting corn removes veg-
etation and discourages egg-laying. Also, early planting 

0965-1748/021S - see front matter d 2002 £hesier Science Ltd. All rights riserved. 
Pt!: 80965.1748(01)00117-5 
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and seeding rates near the maximum for the variety 
ensure a good stand. Finally, carrying out recommended 
agronomic practices leads to vigorous plants with 
improved tolerance. Pre-emergence granular insecticides 
can be used for the control of larvae, but it is not ccon.-
omically feasible to control larvae by spraying of the 
adults. 

Cultivars resistant to insect attack offer another strat-
egy for rootworm control. Although some success in 
attaining resistance to rootworms has been obtained 
through conventional breeding programs, more resist-
ance gemiplasm is needed. Transgcnic plant technology 
is now producing resistant crops by introducing novel 
resistance genes into plant species (Estruch et al., 1.997; 
Hilder and Boulter, 1999). Genes encoding inhibitors of 
insect proteinases are one example of insecticidal protein 
genes that have been isolated from various sources and 
transferred to crops by genetic engineering (Galehousc 
and Gatehousc, 1998: Michaud and Wain, 1998: Reeck 
et al., 1998). A number of transgenic plants, including 
tobacco, potato, rice, strawberry, oilseed rape, and poplar 
have been produced, which express foreign protease 
inhibitors, some of which exhibit enhanced resistance to 
their insect pests. Expression of cystatins, a family of 
proteinaceous inhibitors of cysteine proteinases, in trans-
genie plants to increase host-plant resistance has only 
been marginally successful. For example, transgenic 
potato expressing rice cystatin inhibited larval growth 
and exhibited mortality of the Colorado potato beetle 
Lecardonnel et at., 1999). However, growth compen-

sation and faster development of the same spccics feed-
ing on potato foliage expressing rice cystatin has also 
been observed (Cloutier et al.. 1999, 2000). In two var-
ieties of transgenic poplar expressing cysicine potcinasc 
inhibitors from rice (Lcplc et al.. 1995) and Arabidops!s 
(Delledonne et al.. 2001), substantial levels of resistance 
to two chrysomelid beetle species were achieved. 

Use of genes that encode foreign proteinase inhibitors 
in transgenic plants for host plant resistance to root-
worms has not yet been reported. In an artificial diet, 
soyacyslatin N, a soybean cysteine proteinase inhibitor, 
inhibited both western corn rootworm gut proteolysis 
and larval growth (Kiowa et al., 2000). Apparently, one 
or more cathepsin L-like cysteine proteinases of the 
papain superfamily, present in the rootworm gut, arc the 
targets of this inhibitor. 

As a further step in identifying potential inhibitors that 
might be used for transgenic crop protection against 
rootworms, we have determined some biochemical 
characteristics of the midgut proteolytic enzymes of 
southern and western corn rootworms, and also evalu-
ated numerous potential protease inhibitors in vitro for 
inhibitory activity toward midgut proteinascs in the 
southern corn rootworm. The most abundant or active 
proteinase is a cysteine protcinase with an apparent pref-
erence for peptide bonds involving arginine residues. 

From a heterogeneous, commercial preparation potato 
tuber proteins, we have purified and sequenced a parti-
cularly effective inhibitor of this major proteinase. This 
protein is a member of a previously well-characterized 
group of closely related inhibitors of cysteine protcinases 
(Yamagishi et al., 1991; Krizaj et al., 1993: Gruden et 
al.. 1997) and based on sequence similarity, we have 
assigned the name potato cysteiric proteinase inhibitor-
10’ (PCIP-10’) to this protein. 

2. Materials and methods 

2.1. lticuc’rials 

Casein, 14C-rnethylatcd casein, fluorescein isothiocy-
anatc (FITC)-cascin. buffer salts, trichloroaccuc. acid 
(TCA), and other chemicals were obtained from Sigma 
Chemical Co. (St. Louis, MO). Dtthioihreitol and scintil-
lation cocktail were obtained from Fisher (Pittsburgh, 
PA). inhibitors were from Sigma or Calbiochem (San 
Diego, CA). Calbiochem was the source of the PIN-I1 
inhibitor preparation from potato (catalog number 
230907), which was used as the starting material for our 
purification of PCPI- 10’. The bicinchoninic acid protein 
assay kit was obtained from Pierce (Rockford, IL). 
Recombinant oryzacystatin (rOC) was prepared by the 
method of Chen ci al. (1992’). 

2.2. Purification of PCP!-10’ 

PIN-11, a heterogeneous protein preparation from 
potato purchased from (’albiocheni. was fractionated to 
identify the major component that inhibited the major 
proicinasc in rootworni extracts. The PIN-11 preparation 
was dissolved in 25 mM sodium acetate. pH 5.5, and 
subjected to anion exchange chromatography on an HR 
10/16 Sepharuse FF colunm equilibrated with the samc 
buffer. A gradient was developed from 0 to 0.5 M NaCl 
in sodium acetate, pH 5.5. over 170 min at a how rate 
of I mi/mm. Five distinct peaks of protein were cluted; 
The last peak to elute contained strong inhibitory activity 
and was essentially homogeneous as judged by SDS gel 
electrophoresis and capillary electrophoresis. It was sub-
jected to amino acid sequence determination (see Section 
2.5) and was named PCPI-I0’ on the basis of its 
sequence. 

2.3. Insects anti gu/ eviracts 

Southern corn rootworm larvae were routinely reared 
using Stoneville artificial media as described by Czapla 
and Lang (1990). In two experiments (see Figs. I and 
2), southern corn rootwonu larvae were grown on roots 
of corn plants, as were larvae of the wcstcrn corn root-
worm. Midguts of the larvae were dissected into liquid 
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Fig. 1. Substrate-gel elecriuphoresis aicaseinolytie activity in midgut 
extracts of, from tell to tight: artificial diet-fed southern corn rootworm 
(OF SCR); corn root-fed southern corn rootwomi (RF SCR); corn root-
fed western earn tootworni (RF WCR). Lach sample-well contain:, 
approximately JO .xg of pntein from each gut extract. Separation was 
conducted under denaturing/non-reducing conditions using 12% SOS-
PAGE gels copolymerized with bovine gelatin. Following eketm-
phoresis, the gel was allowed to incubate in a solution of Triton X- 100 
to reniove SOS and allow subsequent recovery of prowxdyiic activity. 
Proteolysis of the gelatin substrate within she gel occurred during incu-
bation in a pH 6.2 buffered solution. The dark blue background was 
obtained by staining the get in a Coomassic Brilliant Blue R.250 sol-
ution and the clear bands of proteolytie activity were visuali.sed follow-
ing incubation in destaining solution. The apparent molecular masses 
of the proteulytie activity bands were estimated by comparison a ith 
the protein molecular weight marker (M). 

nitrogen at Pioneer Hi-Bred International and shipped on 
dry ice to Kansas State University. The guts. approxi-
mately 50 mg tissue per ml. were homogenized in a 
cooled glass mortar with a teflon pestle, using 10-20 
strokes, in chilled distilled water. The homogenate was 
centrifuged for 5 min at I 0,000g at 4°C. The supernatant 
was divided into aliquots and stored at �80°C. Micro-
scopic examination of the pellet revealed that the midgut 
cells were l.ysed by the homogenization procedure. 

2.4. Protein concentralion and assays for protease 
ac(iv1y 

Protein concentration in homogenates was determined 
using the Pierce BCA protein determination kit as 
directed by Pierce, using bovine serum albumin as a 
standard. 

Proteolytic activity was determined using the pro-
cedure of (3illikin et at. (1992) with minor modifications 
as explained in Section 3. Aliquots of homogenate, 
inhibitors, and buffer were combined in a volume of 
25 Jil and 25 pi of the substrate was added. Between 0.08 
and 0.15 tg of extract protein was used per assay. Sub-
strate consisted of 0.5 jil of ’4C-cascth (S nCi/l.tl or 
2.5 nCi/assay) or FITC-casein (2.5 .tg), 0.6 11 of casein 

100 60 60 40 20 
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Fig. 2. pH dependence of the citseinolytic activity in midgut extracts 
of artificial diet-fed southern corn roniwonn, corn mot-fid southern 
corn rootworm. and corn root -td western cons r’ouvorm. In a tial 
volume of 200 tl. 1 pg of diluted gut extract protean was incubated in 
universal buffer at pH 4.4. 5.6. 65. 7.6, SJt, 9.5. or ItO with 29 mM 
OTT for 20 inin at 25CC The assays were initiaicd by addition of 
FITC-ctueun followed by incubation at 37°C, The reactions were 
stopped  by the addition of TCA and allowed to further incubate at 
37C for 5 min. Unlwdrolv,ed FITC-cascin as precipitated on ice for 
15 attn followed by ecnmnt’ugatinn Four-tenths int of the supematanu 
was added to II, ml of 0.5 mM rris pit FiX and the fluorescence mien-

was measured at an excitation wavelength of 492 urn and all emis-
sion wavelength of $25 nut, 

(5 mg/nil), 2.5 j.il 20 mM DTT (or buffer), and 21,4 At 
buffer. Universal butler (Frugoni, 1957) was used for all 
assays. Final concentrations in the assay were 44C-casein 
(50 nCiml), cascin (60 usi/mI). and DTT (1 mM), The 
mixture of substrate and sample was incubated for 5 mm 
at 370C. The reaction was stopped by adding 50 ii of 
20% TCA. The mixtures were placed on ice for 15 mm 
and then centrifuged for 5 min at 13,001)g at room tem-
perature. The supernatant (75 j.tl) was added to 4 ml of 
scintillation fluid. vortexed for 10 s, and counted in a 
Packard I600CA scintillation analyzer. One unit of 
activity was defined as the amount that would liberate 
1% of the radioactivity in a sample in I 

mm. 

Specific 
activities are expressed as units/J.lg protein. 

Proteolytic activity using FITC-casein was monitored 
following the method adapted from Orr et it. (1994), 
About I .lg of gut extract was allowed to incubate in 
universal buffer pH 6.2 containing 25 mM OTT for 
20 mitt at 2.5°C. The reaction was then staited by adding 
5 tg of F1TC-casciti to each sample. The samples were 
allowed to incubate at 37°C for 30 mm. The reactions 
were stopped by adding TCA to a final concentration of 
3.5%. The quenched samples were allowed Co further 
incubate at 37°C  for another 5 min. The unhydrolyzed 
FJTC-casein was precipitated on ice for 15 min followed 
by centrifugation at I 0,000g for 5 mm. Then 400 .tl of 
the supernatants were added to 1.6 ml of 0.5 M Iris pH 

8,8 in a four-sided euvctte and the fluorescence intensity 

was determined using an excitation wavelength of 
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492 nm and an emission wavelength of 525 nm in a Hit-
achi F-4010 Fluorescence Spectrophotometer. 

Three fluorescent peptides were also used as sub-
strates for analysis of proteolytic activity using a method 
adapted from Sasaki et al. (1984). The three synthetic 
peptide substrates were N-I-BOC-Gln-Ala-Arg-7-amido-
4inethy1coumarm, N-succinyl-Leu-Leu-Val-Tyr-7-

and N-succinyl-Ala-Pro-AIa-
7-aznido-4-methyicournarin (Sigma. St. Louis, MO). 
Prior to addition of the substrate, 5 jil of gut extract was 
incubated in 10 mM OTT for 5 min at 25°C. Then 1 p1 
of the enzyme mixture was pipcued into a four-sided 
cuvette with 1.985 ml of universal buffer pH 6.2 and 
0.5 ml of 25 mM DTT. This mixture was allowed to 
incubate for 10 min at 25°C. The reaction was then 
started by adding 10.0 p1 of 2 mM substrate in 40% 
DMSO with immediate mixing in the cuveuc. The flu-
orescence intensity was determined using an excitation 
wavelength of 38() urn and an emission wavelength of 
440 rim for 30 min with data collected every 5 mm. 

25. Amino acid .sequence deserminalkm of PC11-IO’ 

The inhibitor, purified by ion-exchange chromato-
graphy as described above, was subjected to amino acid 
sequencing by Edman degradation at the Protein Struc-
ture Laboratory of Iowa State University. This was 
accomplished using a combination of enzymatic and 
chemical cleavage methods resulting in peptide frag-
ments. These peptide fragments were purified by 
reversed phase chromatography. An explanation of the 
peptide mapping is given in the legend to Fig. 6. 

2.6. inhibitor assay and pH dependence of the 
protease activity 

Potential inhibitors were incubated for 5 min with the 
extract before adding the substrate. The compounds and 
proteins as well as their sources and concentration in the 
assays are shown in Table I. Potential inhibitors were 
dissolved in water, ethanol, or 1:1 water/ethanol, as 
appropriate, at 20 times the assay concentration, and 
2.5 rl were used per 50 p1 assay. For dose-response 
assays (shown in Fig. 7), varying concentrations of 
inhibitor were incubated with the extract for 5 min prior 
to assay. IC50 values were estimated graphically from the 
plots of percent inhibition versus inhibitor concentration. 

The gut extract was assayed at pH 4.4, 5.6, 6.5, 7.6, 
8.8, 9.5 and 11.0 in universal buffer at a constant ionic 
strength of 0.1 p (Frugoni, 1957). The standard assay 
used 0.4 jig protein in a 30 nun assay. 

2.7. Z3.mograrn analysis 

Protcolytic activity was visualized by modification of 
the procedure used by Heussen and Dawdle (1980) and 

Tuhk I 
Concentration- of  inhibitors used in protcs’ as-say. (sourc of inhibi-

t not ohzawcl tiom S,anyi, eiven in 
parl SC n an’ tan-

thard abbreviations) 

Inhibitor Nmay
neefitrution 

(mM) 

E-64’ 0.020 
Egg white cystatin 0.001 
Recombinant oryzrtcystatln (K)C.) 0.002 
Calpain inhibitor 11 (Calbiochem) 0.026 
Human ealpastatin (Calbiochem) 0.004 
Anhipain 0.132 
Lupeptin 0.15.2 
Phenyl methyl sulfonyl fluoride (PMSfl 4.5 
l)iisnpropyl fluoronyt phosphate (DIP) 1.0 
TosyJ-t.-Iyjne ebloromethyt ketone (TICK) 0.0() 
I’nsy1i.-phcnyIn1ani.ne chinromethyl ketonc 0,030 
(HICK) 
Bovine puicrea0c trpnn inhibitor (131"1 D 0.01*11 
Soybean nonmanBirk trvpsin inhibitor 0.01X)1 
Soybean Kuniti trypsin inhibitor (STI) 0.00005 
PIN4 preparation. potato (Calbiochem) 0002 
PIN-11 preparation, potato (Calbiochem) 0.00075 
Chvmosiatin (Calbiochem) 0.124 
Elastase inhibitor (Catbiochein) 0.0002 
Elastatinal (CaIhiochem) 0.098 
carhoxypepiidase inhibitor (Calbiochem) 0.018 
Amastatin 0.158 
EDIA 10,0 
hxloacetic acid (LAA) 2.0 
Potato cystatin 0.001 
Rice bran trypsin inhibitor (53311) 0,0005_- 

L-lraIl.c-Epoxysucciiwl.kueytalninn4_aunnidinobunjiie an irrt’. 
versibje inhibitor. 

Gillikin et al. (1992). in which 12% SDS-polyacrylamide 
gels containing 0.3% gelatin were used. About 10 p.1 of 
gut extract were diluted 1: I with SD S-PAGE sample 
buffer 14.6% SDS. 20% glycerol. 132 mM Tris-MCI (pH 
6.8). 0.1% bromophenol bluej. Then 10 p1 samples (0.05 
gut equivalents) were loaded directly into wells of the 
stacking gel. Ten microliters of 1:10 diluted Mid-Range 
Protein Molecular Weight Markers (Promega, Madison, 
WI) were loaded to estimate the electrophoretic mobility 
and apparent molecular masses of the proteolylic activity 
bands. Electrophoresis was conducted at a constant cur-
rent of 12 mA at 25°C for approximately 1 h. Following 
electrophoresis, the gel was placed in 2.5% Triton X-
100 (w/v) in water for at least 2 h with shaking to 
remove SOS. Following the Triton wash, the gel was 
washed with water until no detergent foaming was vis-
ible. The gel was thou placed into universal butter, pH 
6.2 for approximately 12 It at 25°C. The gel was placed 
into a stain solution (50% methanol and 12% acetic acid 
containing 0.5% Cooniassic Brilliant Blue R-250) until 

a dark-blue background developed. Visualization of the 

clear proteolytic bands was achieved by placing the gel 
into dcstaining solution (20% methanol and 10% acetic 

a231. 
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acid) for 1 h with shaking. Gel-scan analysis was perfor-
med on a Macintosh computer using the public domain 
NIH Image program developed at the US National Insti-
tutes of Health and available on the Internet at 
hup:/frsb.info.nih.gov/nih-image. Six separate scanning 
measurements were made for each sample lane to obtain 
an average integrated density for the major protcinase 
band/peak. 

2.8. Adsorption of protease to inhibitor-bound 
Sepharo.ce beads 

Cystatin, rOC, and the commercial PIN-IL preparation 
were covalent.ly bound to Affi-Gel 102 (Bio Rad. Her-
cules, CA) beads using the coupling method provided 
by the manufacturer. Then 100 j.iI of the Affi-Gel 102 
beads were rinsed with 25 mM MES pH 6.0 until a pH 
of 6.0 was achieved. Rinsed beads were centrifuged at 
low speed and the supernatant was discarded. Three-
fourths ml of 25 mM MES pH 6.0 and the following 
protein amounts were added to the beads with gentle 
stirring: 1.0, 1.8, and 2.0 mg of cystatin, PIN-11 prep-
aration, and rOC, respectively. The pH was adjusted to 
4.7-5.0 with 1 N HCI. About 3 mg of the l-ethyl-3-(3-
dimethylaminopropyl) carbodiimide coupling reagent 
was added to the beads with continuous stirring. The 
pH was again adjusted to 4.7-5.0 with 1 N HO and the 
coupling reaction was allowed to proceed overnight at 
4°C with gentle end-over-end stirring. Inhibitor-bound 
beads, 100 j.tl, were allowed to incubate with It) .tl of 
extract for 30 min at 25°C with gentle stirring. Following 
the incubation period, the slurry was centrifuged for 
10 min at 10.000g. The supernatants were collected and 
assayed for proteolytic activity using SDS-PAGE zymo-
gram analysis as outlined above. 

2.9. Bioassays 

The purified PCPI- 10’ as well as the proteins of an 
unfractionated aqueous extract of potato were tested for 
growth inhibitory activity against the southern corn root-
worm. Bioassay was performed using the Stoneville diet 
that was prepared in the standard fashion and allowed 
to cool to 38°C. Lyophilized inhibitor preparations were 
solubilized in PBS at pH 7.4 and vortexed thoroughly. 
Following sufficient cooling, 0.4 ml of the test com-
pound or substance was added to 1.6 ml diet in solution 
and mixed vigorously. Negative controls were similarly 
prepared and consisted of PBS buffer pH 7.4 applied to 
the diet. The diet was then dispensed into 14-well acrylic 
microtrays and allowed to cool and solidify for several 
hours. Each well with solid diet containing the test com-
pound or substance was then infested with a newly 
hatched southern corn rootworm larvae and covered with 
vented mylar strips to prevent escape while allowing 
proper air exchange. Fourteen larvae were used in each 

of the two replicates of each treatment. The larvae were 
incubated on the diet for seven days at 28T and 60% 
relative humidity. Mortality and weights of surviving 
insects were recorded. Significant differences between 
diet treatments were determined using the Tukcy HSU) 
multiple comparison test from the software program svs-
TAT (Wilkinson, 1989). 

3. Results 

3.1. Lviraction cmci .iuhi1!tt’ of prolcinase act lviii 

Because much of the protcolytic activity in midgut 
extracts of corn rootworms is apparently from cysteinc 
protcinases (Gillikin ci al., 1992 and see later), we 
included a reducing agent (1 mM dithiothrcitol) in all 
enzyme assays. In addition we examined the potential 
for enhanced release of proteolytic activity by including 
Triton X-lOt) in the extraction buffer. Thi§ nonionic 
detergent has been successfully used to enhance the 
extraction of proteolytic activity from other insect 
tissues, presumably by releasing membrane-bound pro-
teases. After an extraction using our conditions but lack-
ing Triton-X-100, we carried out a second extraction of 
the tissue residue under the same conditions that 
included Triton X- 100 at 0.1% (v/v). The second extract 
had only about 5% of the cascinolytic activity of the first 
extract. We concluded that approximately 95% of the 
cascinolytic activity in rootworm midguts was soluble 
and that only as much as 5% was membrane bound. We 
therefore omitted Triton-X-100 from subsequent extrac-
tions and utilized the soluble activity for subsequent 
analyses. 

Extracts made under our standard conditions could be 
stored at �70°C for several weeks without loss in casei-
nolytic activity or change in the pattern of protease bands 
observed after substrate-containing polyacrylumide gel 
electrophoresis (data not shown). 

3.2. .S’ub.clrale-gel electrophoretic analysis of proleasm 
in midgul extracts 

Fig. 1 shows the results of a gelatin substrate-gel dcc-
trophoretic analysis of gut extracts from laboratory diet-
fed and corn root-fed southern corn rootworms and corn 
root-fed western corn rootworms. All three of the 
extracts exhibited only one major gelatin-digesting pro-
tease that has an apparent molecular mass of approxi-
mately 25 kDa. Numerous less intense bands oCproteo-
lysis were also visible, with the laboratory diet-fed 
southern corn rootworms displaying the highest levels. 
The apparent molecular masses of the minor protease-
activity bands were about 20. 40, 70,. and >10(1 kDa. 

When we stained gels with Coomassie brilliant blue, 
more than 20 proteins bands were visualized in gels of 

074 
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midgut extracts from laboratory diet-fed and corn root-
fed southern corn rootworms and laboratory diet-fed 
western corn rootworms (data not shown). These 
included several protein bands in the 25 kDa region of 
the gel. 

3.3. Effect of pH on cwt’ino/vilc activity 

Two types of modified cascin were used as substrates 
to examine the effect of pH on proteolytic activity. Fig. 
2 shows that the pH activity profiles for gut extracts from 
laboratory diet-fed and corn root-fed southern corn root-
worms and corn root-fed western corn rootworms were 
comparable, with optimum pH values of 5.5-6.5 when 
FITC-cascin was used as the substrate. A similar profile 
was obtained when gut extracts from laboratory diet-fed 
southern corn rootworms were assayed using radiolab-
eled cascin as the substrate (data not shown). Similarly. 
(Jillikin ci al. (1992) found the pH optimum for Diabrot-
lea 

vfrgjfra 

against a similar substrate to be between 
pH 5 and 6. 

3.4. Substrate specrfici(y 

The time course for hydrolysis of a low molecular 
weight fluorescent peptide, N-i-BOC-Gln-Ala-Arg-7-
arnido-4-mcthylcoumarin (PI-Arg substrate), by the 
three midgut extracts is shown in Fig. 3. Using the same 
midgut equivalents, relative hydrolytic activities for lab-
oratory diet-fed southern corn rootworms, corn root-fed 
western corn rootworms, and corn root-fed southern corn 
rootworms were 1.0/0.2/0.1. Midgut extracts from the 
laboratory diet-fed southern corn rootworms were used 
for further analyses because this preparation exhibited 
the highest activity, all of the gut extracts from labora-
tory diet-fed and root-fed insects were similar in both 
electrophoretic patterns and pH activity profiles, and the 
laboratory diet-fed southern corn rootworms were most 
readily available as a tissue source. 

Two other fluorescent peptides, AT’succinylLcuLeu 
Vai-Tyr-7-amido-4-meihylcoumarin (PI -Tyr substrate) 
and N-succinyl-Ala-Pro-Ala-7-amido-4-rnethylcoumarin 
(P I -Ala substrate), were used to further examine the sub-
strate specificities of the southern corn rootworm pro-
teases. Fig. 3 shows the time course for hydrolysis of 
the P1 -Arg substrate and, for comparison, those of the 
P1 -Ala and PI -Tyr peptides. While the PI-Arg com-
pound Was a good substrate for the midgut enzymes, 
little hydrolysis occurred with the latter two substrates. 

3.5. if/Łcis of potential inhihilors 

About 25 potential inhibitors of southern corn root-
worm protcolytic activity were surveyed using "C-cas-
cin as the substrate (Fig. 4). The most inhibitory were a 
mixture of E-64 with PMSF (95%) or antipain (94%). 
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Fig. 3. tlydrolysis of Pl-Arg-flucircsccin substrate by inidgutexintets 
f artificial diet-fed southern corn rootwonu, corn root-fed southern 

corn rootworm. and coot toot-fed western cool rooIworrn. (A) Out 
extract protein (2.5 

u 

p) trom diet-led souihern corn rootworm, root-
fed southern corn rootwcinn. and root-fed western corn r(iOlWOTflt were 
assayed against the fluorescent substrate .V-t-BOC-(iln-AIu-Arg-7-
amido-4-methykournurin in p11 6.2 Ijniveisal buffer with Ri mM 
1.) FL. (ii) lJ,ec-hxt southern 

coin 

uIlOISVLiilII 
aol extract pmcelIl (2.5 Mg) 

was assayed against ,V-i.130C-GJn-AIa-Arg-7-anndo4-mcthykouma-
rio. )-succrnyl-lcu-1 eu-Vnl-Tvr-7-arnido-4-mcthylcotirnarin. and N-
suecinyl-Ala-Pru-Alu-7-arnido-4-rnethylcoumariu in pt1 0.2 unisersal 
birflr containing it) mM i)’rr for 30 min at 2S°C. All vu1ms were 
corrected lor spontaneous hydrolysis by running identical samples 
%% ithout enzyme. Samples were assayed in duplicate with mean relative 
fluorescence units and their corresponding (iS range values given. 

These were followed in effectiveness by calpain inhibi-
tor (90%), chymostatin (901/6). a mixture of PMSF and 
DFP (85%), the commercial PIN-11 preparation (80%), 
a commercial PIN-I preparation (78%). PMSF (75%, 
potato c’ystatiu (74%), E-64 (71%). hen’s egg white cys-

latin (68%), and recombinant oryzacystatin (64%). Other 
materials ranged from 040% in inhibitory activity. 
Based on these data, it appeared that most of the proteo-

lytic activity in the rootworm midgut was due to a mix-

ture of both cysteine and scrine proteinases with the for-
mer type being more predominant. 

3.6. .lc&nhIficwz(o1 of a PC II-10’ IfS a slroflg inhibitor (?f iou/worm pro(einoses 

As described in Section 2, PIN-11, a commercially 
available, heterogeneous preparation from potato tubers 
was fractionated by ion-exchange chromatography. The 

last of the five major peaks of protein to elute was a potent inhibitor of protcinase activity in rootworm gut 

extracts (Fig. 5). Amino acid sequence determination of 
the protein in this peak (Fig. 6) revealed a sequence that 
is very similar to previously sequenced inhibitors from 
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Fig. 4. Eflltcis of 25 potential inhibitors on the cuseinolytic activity in midgut extracts of artificial diet -tad southern corn rootwonn. See Table 
I for abbreviations, source, and coticentrarion.s of potential inhibitors. Gat extract protein from dict-td southern corn rooiwornt was assayed for 
"C-casein hydmly.sis in Fnigoni’s universal buffer, p11 6.2 in the presence or abaence of 25 potential inhibitors. Activity is expressed as percent 
inhibition of total activity without inhibitor. All samples were run in duplicate and comcted for spontaneous hydrolysis by running identical 
samples without cniymc. Error bars represent 0.5 range values for duplicate samples. 

Potato (for the first of these, see Yamagishi et al., 1991; 
Krizaj 

ci al., 1993). Numerous sequences are now known 
for proteins in this family or variants of this protein. The 
sequence of the inhibitor as purified from the commer-
cial PIN-1 preparation is most similar to PCP1-10 
(Gruden ci al., 1997) and hence we have called our pro-
tein PCPI-10’. PCPI-10’ is identical at 169 of the 179 
ciresponding positions in the translated amino acid 
sequence of PC?!- 10 (Gruden ci al., 1997). The niolecu-
1st mass and p1 of PCP1-10’ are 20,162 Da and pH 8.61 
for the form of P0>1-I 0’ with Arg at position 131, where 
Pro is also found. 

3.7. Comparison qf inhibitor ifiration curves 

Fig. 7 shows dose�response curves for three of the 
proteinase inhibitors, E-64, hen’s egg white cystatin, and 
our purified PCPL- 10, on southern corn rootworm pro-
teolytic activity using "C-cascin as the substrate. The 
low-molecular-weight epoxy irreversible inhibitor, E-64, 
eliminated approximately X0% of the activity at about 
1 jiM concentration. Hen’s egg cystatin was approxi-
mately four-fold less effective on a molar basis as an 
inhibitor. PCPI-1 0’ was the most potent, with an 1C0 of 
31 tiM, followed the irreversible inhibitor, E-64 (35 aM), 
and chicken egg white cystatin (121 aM). 

3.8. Selectiw batch-adsorption of ma/or proleinase in 
southern corn rootworm gut extract 

Three protcinaceous inhibitors, the commercial PIN-
11 preparation (containing PCPI- 10’), recombinant ory-
zacystatin, and hen’s egg cystatin. were covalently 
attached to AfflGel 107 beads to determine whether they 
might be used for selective adsorption of the proteases 
in southern corn root worm midgut extracts. Fig. 8 shows 
a densitometric gel scan analysis of a zymogram and 
demonstrates that. under these conditions, a component 
of PIN-11, presumably PCPI-10’, selectively adsorbed 
the 25 kDa proteinase from the gut extract, whereas 
hen’s egg cystatin and rOC adsorbed little or none of the 
protcinase. Apparently, only the enzyme complex with 
PCPI-10’ was tight enough for effective adsorption 
from solution. 

3.9. Feeding studies using PCPJ-.IO’ 

Incorporation of PCPI-10’ into artificial diets for 
southern corn rootworm showed marked effects on mor-
tality and weight loss (Table 2). Rootworm larvae reared 
on diet containing 500-, 750-, and 1000-ppm PCPI- 10’ 
exhibited significantly higher mortality (p<0.030) and 
weight loss (p(O.00O) compared to larvae reared on 
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Fig. S. Inhibitory potenees of the potato PIN-fl preparation and a 
pacified component, PCPI40’. of that preparation. The dose effective-
ness of the crude PIN-11 prqmmtion and a purified component of PIN. 
IL PCP1-I0. as inhibitors against artificial diet-fed southern corn root-
worm gut protcolytic activity was monitored using F1TC-labeled casein 
as a substrate. Then I jig of gut extract protein was incubated with 
appropriately diluted PIN-11 or PCPI-10 in pH 6.2 Universal butler 
containing Dfl at a final concentration of 12.5mM for 15 min at 
25C. Final inhibitor concentrations were 0.02. 0.1, 0.2, 0.4. 0.6, 1, 2. 
4.6, 10.20. and 40 pg/mI. The reactioni were initiated by the addition 
of 25 pg Frrc..easein to the reaction mixture. Reactions were carried 
out for 30 min at 370C. The reactions were stopped by the addition of 
TCA to precipitate unhydrolyied FIIC-casein and assayed for protco-
tytic activity as outlined in Section 2. Control activity was determined 
by running simultaneous reactions without inhibitor. All samples were 
run in duplicate and corrected for spontaneous hydrolysis by running 
identical samples without enzyme. Error bars represent 0.5 range 
values for duplicate samples. 

1 LVLPEVYtQO GNPLRIGFRV TtKNPLLGAG 30 
31 AVI,DNIGNL QCPNAVLQHM SIPQPLGDGT 60 
61 PWFVRKSES DYGOWRLMT AVYIKPPVXT 90 
91 TKLCVDQTVW KVNDEQLVVT GGKVGNENDI 120 
123. FKIRKIDLVT RGMKNVYKLL HCPSHLQCKN 150 
151 IGSNPIcNOYP RLVIVNDDKD PIPPVPIKA 179 

Fig. 6. Amino acid sequence of the inhibitory component of PC?!-
JO’, The following regions of the sequence of the indicated fragments 
were sequenced (numbers refer to the positions in the protein, not in 
the fragments): 1-49. the intact protein: l-20. a GIuC fragment; 25-
53, a LysC fragment 51-67, a cyanogen bromide fragment 59-66, a 
GIuC fragment 64-11, a secondary flagment released by CN& cleav-
age; 68-84, a GIuC fragment; 80-93, a cyanogen bromide fragment: 
92-101, a LyaC fragment; 101-137, a I3NPS-skatole fragment. 123-
131.,aLysC fragment: 132-461. anArgC fragment: 133-169.aevano-
gan bromide fragment; 138-156. a LysC fragmcnu 157 170, a LysC 
fragment; 171-179. a LyeC fragment. At position 13!, praline is found 
in addition to Arg. An exhaustive set of overlaps was not obtained 
since the sequence exhibited such high sequence similarity to PCPI-
10 and other membera of that family. l)illerences with the PCPI-10 
sequence are at positions 58 (D in PCPI-10’;X in PCPI-10), 65 (V/i). 
97(Q/E), 104(0/N), I l3(1(JN). 124(R/K), 126(1/1). 130(1/1). 
147(Q/E), and 168(1)/h). The predicted molecular weight of the 
sequence we determined (20,182) agrees well with the molecular 
weight of the protein itself as determined by mass spectroscopy 
(20,130). 
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Fig. 7. Titration of "C-casein hydrolyzing activity in midgut extracts 
sit’ artificial diet-fed s’t,ihcrn corn rootwurm by L-64 (A). chicken egg-
white cystatni B). and PCPI-I0’ (C). About 80 ISO ug of total gut 
extract protein was allowed to incubate with diflerent inhibitor concen-
trations at 25aC for 5 inin before adding the "C-casein substrate. 
Assays were conducted as previously outlined in Section 2. The cow 
centnnion range of inhibitors is as follows 0-33,6 pM E-64. 0.5 pM 
hen’s egg eyswtin. and 04.5 pM PCPI-10’ from this study. All 
samples were run in duplicate and corrected for spontaneous hydroly-
sis. En’or bars represent 0.5 range values for duplicate samples. 

control media. PCPI-10’ was considerably more potent 
on a mass basis than an unfractiOnated protein extract 
from potato, an effect most evident at the lowest levels 

examined in the diet (500 ppm, p=0.002). The protein extract fraction, which was also assayed and was more complex in composition than PIN-11, exhibited a some-what unexpectedly high potency in this assay and may contain Inhibitors other than PCPI-10’. 4. Discussion Midgut protcinases arc potentially good targets for genetically engineered enhanced resistance of plant species towards insects (for reviews see Jongsma et al., 

pii 
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Immobilized Sample 

Fig. 8. Depletion of protcolytic activity in southern corn rootwonn 
gut extracts by immobilized PIN-Il, recombinant urzacyslatin and 
hen’s egg cyslatin. Then 10 tg of diet-fed southern corn rooIwonn gut 

extract was allowed to incubate with the inhibitor-hound heads for 
30 min at 25°C. Unbound proteins were collected by centrifugation of 

resin. About 10 p1 of the supernatants was diluted in SUS sample 
buffer and loaded onto a 12% SDS-PAGE zymogram gel. Electro-
phoresis and development of activity bands was conducted as outlined 
in Section 2. Each bar represents the mean or six gel scans. 

Table 2 
Effect of potato extract and PCPI- I 0’ on soutlictii corn rootw,,rm 
growth and mortality 

Additive 
Treatment level 

mortality 
Weight loss 

((P")-
 

, 

PCPI-10’ 1000 57.0–0.0 a 96.00.0 a 
750 39.5–10.5 n.h 78.0–5.0 a.b 
500 28.5–7.5 h.c.d 61,5–0.5 b.c 

Protein extract 1000 43.0–00 n.e 67.0–1.0 n.e 
750 17.5–3.5 h.d,e 62.000 b.c 
500 14.0–0.0 d.c 32.0–1.5 d 

ButTer control - 3.5–3.5 a 19.0–2.0 4 

Larval mortality and weight loss determined seven days after 
placement on test diets. Mean values*SE based on two replicates of 
n’14 insects per treatment. Data with the same letter were not signifi-
cantly different (a=0.05) as determined by the Tiikcy 1ISD multiple 

comparison test. 

1997; Reeck et al., 1998; Gatehouse and Gatchouse, 
1998). Insects typically contain complex mixtures of 
classes and families of enzymes in their midguts. A well-
informed attempt at genetic engineering of plant-resist-
ance would include, as a first step, the identification of 
major proteases in the insect of interest and of inhibitors 
of them. It is with that perspective in mind that we have 
undertaken studies of midgut protcinases of the southern 
and western corn rootworms. 

Murdock ct aL (1987) first demonstrated the presence 
of cysteine proteinase activity in the southern corn root-

worm. Subsequently, two other groups evaluated the 
potency of several kinds of proteinase inhibitors towards 
the midgut fluid proleinases from the southern (Purcell 
ci al., 1992) and western (Gillikin et aL, 1992) corn root-
worms and identified inhibitors of cysteine protcinases 
(particularly E-64 and cystatins) as the most potent 
inhibitors. Edmonds et al. (1996) showed that not only 
E-64 but also chicken egg-white cystatin and oryiacysta-
tin were strong inhibitors in vitro, and that the latter pro-
tein, when incorporated into an artificial diet at concen-
trations of ?! 10 mM, caused significant decreases in 
larval survival and weight gain of D. undecimpunclara. 
Zbao ci al. (1996) reported that the two wound-inducible 
soybean cysteine proteinase inhibitors were more effec-
tive in vitro against gut cysteine protcinascs of western 
corn rootworms than either a constitutive homologue or 
E-64. Our data are consistent with those earlier results 
in that we too have found that cysteine proteinase 
activity is the major class of protcolytic activity in south-
ern corn rootworm midgut extracts. In our case, much 
of that activity appears to reside in a single enzyme and 
that enzyme has specificity for positively charged side 
chains in its substrates. Beyond that, we have identified 
a particularly strong inhibitor of this cysteine proteinase 
in the form of a potato protein. PCPI-10’. 

In the work reported here, we have found that a single 
protcinase or at least a single proteinase activity band is 
responsible for most of the protease activity against cas-
cin and a synthetic substrate that has arginine at the P1 
position. This protcinase has an apparent mass of about 
25 kDa. Based on the compounds and proteins that 
inhibit it, the enzyme can be classified as a eyslcinc pro-
teinase with a preference for basic amino acid residues 
at the P1 site. It would appear to be a good target for 
genetically engineered increased resistance in corn 
towards attack by corn rootworms. 

We have also identified a rather potent inhibitor of 
this enzyme. This inhibitor from potato has been purified 
and its amino acid sequence determined. It is a member 
of a closely related group of inhibitors called PCP.I-1 0’. 
There are several members of this family or variants of 
the protein, and we have worked with only the variant 
or form as isolated from a commercial preparation or the 
potato proteins. The form we have isolated, which we 
have called PCP1- I 0’ based on its strong similarity in 
sequence to PCPI-10, is a good candidate to be used for 
enhancing the resistance or corn to rootworm attack. 

Besides its very strong sequence similarity to other 
PCPIs, the PCPI-10’ sequence also exhibits sequence 
similarity to several functionally distinct inhibitors 
(Kri;aj et al., 1993; Gruden et al., 1997) and to storage 
proteins. Homology (co-ancestry) with these proteins is 
a reasonable postulate or presumption, and it can be 
assumed that PCPI- 10’ has a three-dimensional structure 
similar to two of these presumed homologues, Kunitz 
soybean trypsin inhibitor (Song and Suh, 1998) and a 
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bifunctional a-amylaseisubtilisin inhibitor from barley 
seeds (Vallee et at., 1998), for which three-dimensional 
structures are available. Other homologues, including 
cathepsin 0 (an aspartyl protcinase) inhibitors from 
potato (Maganja et al., 1992) and sporamin. a storage 
protein that accounts for up to 90% of the protein mass 
in potato (Hattori and NakanTzura. 1988), can similarly 
be presumed to adopt a similar folding pattern. It is quite 
remarkable that a single protein architecture or scaffold 
has found application in the course of evolution as both 
a storage protein and as an inhibitor of no less than five 
different families of hydrolytic enzymes (two families 
of serine proteinases as well as eystcinyl protcinases, 
aspartyl proteinases and a-amylases). The binding sites 
on the scaffold for a-amylasc and subtilisin are, not sur-
prisingly, distinct (Vallee et al., 1998). It will be most 
interesting to extend that sort of comparison to the bind-
ing sites on the scaffold for both aspartyl protcinases and 
cysteinyl proteinases. Given the rather different catalytic 
mechanisms of these enzymes, it would not be surprising 
for their inhibitors’ binding sites to be at still different 
locations on the scaffold although that is by no means 
necessary. But even with what is known at this point, it 
appears that nature has been very resourceful in 
developing a variety of functions based on this single 
protein fold or scaffold. 

Many other coleopteran species are also known to util-
ize the cysteine proteases rather than serine enzymes as 
the major class of midgut protcinase activity (Murdock 
ci at., 1987; Thie and Houseman, 1990; Michaud ci al., 
1996). The majority of gut proteolytic activity for south-
ern corn rootworm second instar larvae appears to be 
cysteine proteases (Orr et al.. 1994). Both proteinaceous 
and nonprotcinaceous inhibitors of cystcinc proteinase 
retard the growth and development of several coleop-
terans, including rootwonn species (Murdock et al., 
1987: Hines et al., 1990; iLiang et al., 1991; Oppert et 
al.. 1993; On et at., 1994). Our results are consistent 
with these earlier studies and begin to more thoroughly 
charactcrii.e perhaps the major individual cysteinc pro-
leinase and a potent proleinaceous inhibitor of it. 
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Comparacion de indices hidrnpÆticos de Las secuencias de La horquilla 1(x3,4 de Cry3Bb nativa y Cry3Bbl1221 del documento Dl y 
Cry3A y’Cry3A055 de la presente solicitud. 

Cry3Bb nativa Cry33b11221 de Di 
Secueiaci* de 1* horguilla 1a3,4 T P L S L R S F H H S 1 R R S 

In4kehidropitic2(D1,0.’56) -0.7 -1.6 +3.8 -0.8 +3.8’ -4.5 -0.8 +2.8 -3.2 -3.2 -0.8 4.5 -4.5 0.8 

Total ’ 
17 

Cry3A nativa 
Cry3AO55 de la 

sotieltud 
Secueda de In horguift 1a3,4 N P V S S R N - E A A P F R N 

Indict hidropitico (D1, p56) 3.5 -1.6 +4.2 -0.8 -O8 4.5 ’3.5 ’3.5 1.6 +1.8 +1.8 1.6 2.8 4,. 3.5 

Total  
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SUPERINTENDENCLA DE INDIJSTRIA Y COMERCIO 

DIVISION DE NUEVAS CREACIONES 

Abogado 
MARGARITA CASTELLANOS 

ASUNTO Radicacion 04-17803 
TrÆmite 002 
Evento 001 
Actuaciôn 430 . 
Oficio 0 66 Folios 

Como resultado del examen de fondo, realizado con fundarnento en elarticulo 45--de 
la Decision 486 de La Comisión de Is  Comunidad Andina, se le cornunica: 

I Documentos estudiadOs 

Descripckn: Folios: 101 a 175 como se radicó inicialmente 

ReMndicaciones: 1 a 105 Folios 176 a 192 como se radicô inicialmente 
I a 31, Folios 465 a 472 modlficadasel 28/01/2008 

SeQuenas: Foliosl94 a 276 corno se radicO inicialmente 

Prioridad: US 60/316421 de 31 de agosto de 2008 

2. Objeto do W invenciOn 

Titulo de la solicitud: "Toxlnu de CRY3A modificadas 
y 

secuencias de actdo 
nuclØlco que [as,modifican". . 

La presente solicitud serefiere a una motØcula de toxina Cry3A modificada la cual 
presenta un sitlo de reconocimiento de proteasa no natural 

y 

puede estar situado en 
cualquiera de (as posiciones a) 107-115, b) 532-542, c) 107-115 

y 

532-542 de La 
secuencia de amiryoÆcidos correspOndiente a CRY 3A denominada SEQ ID No 4. 
Dicho sitlo de reconocimiento de proteasa es reconocible por una proteasa . 
intestinal (catepsina G)del gusano de la raIzdel maIz del oeste 

y 

donde dicha toxina 
modificada causa una mortalidad mÆs elevada en el gusano. La toxina modificada 
piede presentar cualquiera de las secuencias SEQ ED No 7, SEQ ID No 9, SEQ ID 
No 11, SEQ ID No 13, SEQ ID No 15, SEQ ID No 17, SEQ ID No 19, SEQ ID No 21. 
Dentro de la presente solicitud se reclaman los vectores que comprenden Ia anterior 
molØcula de proteina, la secuencia de DNA que la codifica, la cØlula transforrnada 
con el msmo. De igual forma se reiviridican las composiciones que comprenden la 
toxina, los mØtodos para el control del gusano, los mØtodos para la obtención de 
plantas transgØnicas, para la expresión de la toxina etc... 

IPC: Cl2N 15/31, 15/82, C07K 14/325, A61   311713. 

3. Do la sOticitud do Patente 

3.1. Reivindicaciones (articulo 30 D 486) 
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El capitulo reivindicatorio carece de claridad y concision par cuanto: 

� El capitulo comprende un nümero alto de reivindicaciones que repiten 
innecesariamente materia o que tienen el mismo alcance. Hay varias 
reivindicaciones que tienen en su parte caracterizante las misma caracteristica 
tØcnica y solo difieren en el preambulo de las mismas, esto hace que la materia 
que se desea proteger sea descrita por caracteristicas que no son apropiadas. 
Por ejemplo se caracteriza genes par las secuencias aminoÆcidas y con esa 
misma secuencia ya se habla caracterizado la toxina modificada (protelna). Esto 
aplica para los grupos de reivindicaciones: a) 1, 3, 11, 17; b) 2, 12; c) 4, 5; d) 7, 
13, 18; e) 8,14. 

� Algunas reivindicaciones caracterizan la materia por el resultado a alcanzar, 
como son las reivindicaciones: 6, 20. 

� De acuerdo con el capitulo descriptivo y la respuesta dada por el solicitante, la 
invenciOn se caracteriza porque se aplica para el control de plaga del gusano de 
raIz del oeste. Sin embargo, a lo largo del capitulo reivindicatorlo se mencionan 
varios tipo de gusano, como son el gusano de la raiz del maiz del norte 
(reivindicaciones 8 y 14) y gusano de la raiz del maIz del oeste. Dada la 
variabilidad que existe en el sistema digestivo de estos gusanos, tal como lo 
argumenta el solicitante con las diferencias existentes entre el gusano del oeste y 
el del sur, y de acuerdo con la información divulgada en la descripciôn se solicita 
aclarar a que tipo de insecto se aplica la invenciôn. 

� Algunas reivindicaciones cuyo preambulo se refiere a un mØtodo, en realidad se 
refieren es al uso de la invención. No por el hecho de que el preambulo se refiera 
a un mØtodo, se convierte en un procedimiento, puesto que este se caracteriza 
por una secuencia de etapas para Ilevar a cabo la invenciôn. En cambio, estas 
reivindicaciones solo se refieren a poneren contacto la invenciôn con el sustrato 
blanco de la misma (reivindicaciones 21, 24). 

� La reivindicación 28 carece de sustento, puesto que el (mica tipo de cØlulas que 
se utilizaron coma cØlulas huØsped fueron cØlulas bacteriales y cØlulas de raIz de 
la misma planta. 

� La composicion a la que se refiere la reivindicaciôn 31 carece de sustento, puesto 
que no se preparO ni probO ninguna composiciôn que contenga la toxina 
modificada. AdemÆs esta composicion no esta definida a partirde los elementos 
que la componen y concentraciones de los mismos, sino que se define a partir 
del resultado a alcanzar. 

� No se puede establecer que todas las endotoxinas modificadas exhiben un efecto 
inesperado, es por ello que se recomienda eliminar de la reclamaciOn aquellas 
molØculas que ni siquiera fueron evaluadas. 

De esta manera el capItulo reMndicatorio presentado no cumple con los requisitos 
estipulados en el artIculo 30 de la D486. 

4. Determinación del Estado de la TØcnica 

Considerando que la fecha de presentaciOn de la primera solicitud de patente de la 
cual se reivindica prioridad es:31 de agosto de 2001, se buscaron documentos del 
estado de la tØcnica relacionados, con fecha de publicaciOn anterior a esta. 

No Documento 
IPubllicacl6n* Titulo Fecha de 

INSECT-RESISTANT TRANSGENIC PLANTS AND 
Dl W09931248 METHODS FOR IMPROVING delta -ENDOTOXIN 1999-06-24 

ACTIVITY AGAINST TARGET INSECTS 

US6063597 1 Polypeptide compositions toxic to coleopteran insects 2000-05-16 
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5. AnÆlisis de patentabilidad (segUn requisito) (articulo 14 D486) 

5.1. Nivel inventivo (artIculo18 D486) 

Las reivindicaciones I y dependientes se refieren a una molØcula de âcido nuclelco 
que codifica para Cry3A modificada Ia cual presenta un sitlo de reconocimiento de 
proteasa no natural y puede estar situado en cualquiera de [as posiciones a) 107-
115, b) 532-542, C) 107-115 y 532-542 de la secuencia de aminoÆcidos 
correspondiente a CRY 3A denominada SEQ ID No 4 Dicho sitio de reconocimiento 
de proteasa es reconocible por una proteasa intestinal (catepsina G) del gusano de 

la raIz del maIz del oeste y donde dicha toxina modificada causa una mortalidad mÆs 
elevada en el gusano. 

Sobre, el anÆlisis de nivel inventivo se mantienen las observaciones hechas en el 
concepto tØcnico N° 1730 de 05/10/2007, respecto a los dos documentos que 
afectarian el nivel inventivo de la solicitud. Se llama Ia atención al solicitante puesto 
que en su respuesta de 03/01/2008 no se refirió  all documento D2. 

6. Conclusion: 

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados as!: 

No Documento N° Reivindicaciones 
Requisito que Afecta Afectadas 

Dl W09931248 1 a 31 Nivel lnventivo 
D2 US6063597 - - 1 a 31 Nivellnventivo 

En cumplimiento del articulo 45 de la Decision 486 de la ComisiOn de la Comunidad 
Andina, se le indica que debe dar respuesta dentro del tØrmino de sesenta dias 
contados a partir de la fecha de notificaciOn de Ia presente comunicación. En caso 
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta 
subsistieran los impedimentos para la concesiOn, se denegara Ia patente. 

NotifIquese el presente oficio conforme a Ic dispuesto en el articulo 8 de la 
resoluciôn reglamentaria No. 0021Q del 15 de enero de 2001, advirtiendo que contra 
Øl no procede recurso qlguno e1a)vIa gubernativa. 

ALIX CARMENZA CESPEDES DE VERGEL 
Jefe de Divisiói/de Nuevas Creaciones 

El anteridVrequerimiento fue notificado per fijación en lista, de fecha 
17 JUL 2009 

CONCEPTO TECNICO No. EXAMINADOR TECNRO 11 2067 COd iqo No.202052 
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Industria y 
S U PER I NTE NO E N  C I 

REPUBLICA DE COLOMBIA 

SUPERINTENDENCIA DE INDUSTRIA V COMERCIO 

Rad. PCT/04-17803 

RESOLUCION 158 1 9.6 

Por la cual se niega una patente de invención 

RESUELVE: 

ARTICULO PRIMERO: Negar el privilegio de patente de invenciôn para Ia solici 
correspondiente a ’TOXINAS DE CRY3A MODIFICADAS Y SECUENCIAS DE ACI 
NUCLEICO QUE LAS MODIFICAN", que entró en fase nacional en virtud del Tratado 
Cooperaciôn en Materia de Patentes (PCT). 

ARTICULO SEGUNDO: Notificar personalmente el contenido de la presente resoluciOn a la 
doctora Margarita Castellanos Abondano, en su calidad de apoderada de SYNGENTA 
PARTICIPATIONS AG., a a quien haga sus veces, entregandole copia de la misma, 
advirtlØndole que contra ella procede el recurso de reposición interpuesto ante el 
Superintendente de Industria y Comercio, al momento de la notificación o dentro de los 5 
dIas hÆbiles siguientes a ella. 

NOTIFIQUESE V CUMPLASE 
Dada en Bogota, D.C., a los 

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO, 

Doctora 
MARGARITA CASTELLANOS ABONDANO 
Calle 94 A No. 7A-09 
Bogota D.C. 
In, 

7 t’U’L 2. 

7 4 
GUSTAVO VALBUENA QUIJONES 

Sede Centro: Carrera 13 No. 27-00 Pisos 2, 5, 7y 10 
Sede CAN: Tr. 40A No. 38-50 Conmutador 5870000 

Fax: 5870284. Linea 018000-910165 
Web: www.sic.pov.co e-mail: info(sic.Qov.co 

Bogota D.C. - Colombia 
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SU PER INTENDENCIA 

REPUBLICA DE COLOMBIA 

SUPERINTENDENCIA DE INDUSTRIA V COMERCIO 

RESOLUCION ti 5 p j 9 6 

Por la cual se niega una patente de invención 

Rad. PCT/04-17803 

EL SUPERINTENDENTE DE INDUSTRIA V COMERCIO 

en ejercicio de sus facultades legates, en especial de las que se confirieron en el articulo 

3, numeral 30 del decreto 3523 de 2009, y 

CONSIDERANDO: 

PRIMERO: Que la solicitud de patente de invención titulada "TOXINAS DE CRY3A 

MODIFICADAS V SECUENCIAS DE ACIDO NUCLEICO QUE LAS MODIFICAN", que 
corresponde a la solicitud internacional PCTIUS200II0296I 3 de fecha 21 de septiembre del 

2001, fue radicada en esta Superintendencia el 27 de febrero del 2004 bajo el nümero 04-
017803 00000-0000, para que se dØ comienzo a la fase nacional en virtud del Tratado de 
Cooperaciôn en Materia de Patentes (PCT). 

SEGUNDO: Que efectuado el examen de forma en cuanto a los requisitos que debe Ilenar la 
solicitud y cumplidas las exigencias legates, se ordenó publicar el extracto sin que se 
hubieran presentado oposiciones por parte de terceros. 

TERCERO: Que el articulo 45 de la Decision 486 de la Comisión de la Comunidad Andina 
establece que: "Si ía oficina nacional competente encontrara que la invenciOn no es 
patentable o que no cumple con alguno de los requisitos establecidos en esta DecisiOn para 
ía concesión de ía patente, /0 notiflcarÆ a! solicitante. Este debera responder a ía notificaciOn 
dentro del plazo de sesenta dias contados a partir de Ia fecha de la notificaciOn. Este plazo 
podrÆ ser prorrogado por una so/a vez por un perlodo de treinta dias adicionales. (...) Si el 
solicitante no respondiera a ía notiflcaciOn dentro del plazo seæalado, o si a pesar de la 
respuesta subsistieran los impedimentos para Ia concesiôn, Ia oficina nacional competente 
denegara la patente’ 

CUARTO: Que realizado el examen defondo, se requiriô at solicitante en los tØrminos del 
articulo 45 de la DecisiOn 486 de la ComisiOn de la Comunidad Andina, para que presentara respuesta a las observacjones de carÆcter tØcnico visibles a folios 486 a 488 del cuaderno administrativo, relacionadas con la patentabilidad 0 cumplimiento de los requisitos establecidos por esta DecisiOn para la concesiOn de la patente. Frente a dicho requerimiento no hubo pronunciamiento alguno por parte del solicitante, por to cual es procedente negar el privilegio de patente solicitado con fundamento en to dispuesto en el articulo 45 de la Decision 486. 

Secfe Centro: Carrera 13 No. 27-00 Pisos 2, 5, 7y 10 Sede CAN: Tr. 40A No. 38-50 Conmutador. 5870 000 Fax: 58702 84.  018000.910165 Web: 
e.majg: Bog DC. - Colombia 


