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REF: Expediente No. 05 108.673 - Solicitud de Patente

a favor de THE BOARD OF REGENTS FOR OKLAHOMA STATE UNIVERSITY

Titulada: ANTIGENOS PROTECTORES Y VACUNAS PARA EL CONTROL DE
'INFESTACIONES DE GARRAPATAS DE MULTIPLES ESPECIES

JUAN PABLO CADENA SARMIENTO, vecino de Bogota, portador de la tarjeta
profesional No. 57492, obrando como apoderado de la sociedad THE BOARD
OF REGENTS FOR OKLAHOMA STATE UNIVERSITY, segin lo acredita el
documento pe poder anexo, para dar cumplimiento al requerimiento notificado
por fijacion en lista el 01 de Diciembre de 2005, de acuerdo con los Articulos 38
y 39 de la pedsién 486 de la Comisién de la Comunidad Andina, me permito
allegar: 4

1. Fotocopia autenticada del documento de poder conferido por THE BOARD
OF REGENTS FOR OKLAHOMA STATE UNIVERSITY, incluyendo el
Certificado que acredita la Existencia y Representacion Legal, debidamente
apostillado, junto con su correspondiente traduccion.

2. Documento donde consta la cesién del derecho a ia Patente otorgado por
los inventores al solicitante, debidamente apostillado, junto con su
correspondlente traduccion.

3. Copia certificada por la Oficina de Patentes de Estados Unidos de la
primera solicitud presentada para la misma invencion, de la cual

REIVINDICAMOS PRIORIDAD, junto con su correspondiente traduccion al
castellano. .

4. Extracto para publicacién y Tarjeta de archivo Tematico.

\
De la seﬁoré Jefe atentamente,

Z //%@

JUAN PABLO CADENA SARMIENTO
C.C. No. 80.410.337 de Usaquén
Cra 7 No. 16-56 Piso 9

Bogoté, Enero 24, 2006
CHP/MEV/hsr. ‘
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(21} N° de solicitud: 05 108673 {22) Fecha de solicitud: 25-10-2005
{641} Clasificacion Inismacional ©

(71)Solicitante(s) THE BOARD OF REGENTS FOR OKLAHONMA STATE
UNIVERSITY

(72} Inventor(es)  José de Jesiis de ia Fuents, Catherine M. Kocan, Consue!o
‘ Garcla-Alamazen, Edmour F. Blouin

{74 Agente: ___ JUAN PABLO CADENA SARMIENTO FIGURA CARACTERISTICA
(30} Priorided @1 No. Priondad  (32)  Fecha  (33) Pais xocm '
10/972,789 25.10-2004 Us
(85) Fecha Inicio fase nacional {87} Publicacion inemacionar
(86) Datos refativos a fa presentacion de fa sofic. PCT Feche:
Fecha de presentacion de la sdlicitud: No. Publicacion : WO
No. de solicitud PCT/

Industrin y Comercio TARJETA ARCHVOTEMATICO
SUPERINTENRENCIA pATENTE DEINVENCION X PCT __~ MODELODEUTILIDAD mseﬁomnusrm

{54) Titwlo:  ANTIGENOS PROTECTORES Y VACUNAS PARA EL CONTROL DE INFESTACIONES DE GARRAPATAS
DE MULTIPLES ESPECIES

Resumern:

Antigenos protectores de amplic rango conira infestaciones de garrapata, secuencias de gen y proteinas codificadas para
dichos antigenos, vacunas relacionadas y métodos Utiles para inducir una respuesta inmune.
CONTINUA AL RESPALDO .,




&

A3

25-10-2004 us

Edmour F. Blouin
{74) Aggﬂe JUAN PABLO CADENA SARMIENTO

(72) Inventorfes)  José de Jestis de la Fuents, Katherine
M. Kocan, Consuelo Garcia-Alamazan,
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1) N* de soligud: 05 7 B Cr
29) Fecha de solcituc: 2542005 - | 79Solcitantels)  THE BOARD OF REGENTS
ik FOR OKLAHOMA STATE
30 Prioridad 31 32 Fecha 33 Pais UNIVERSITY

(54) Titulo: WROTECTORES Y VACUNAS PARA EL CONTROL DE INFESTACIONES DE GARRAPATAS DE
Resumen ‘
Antigenos prof ¥5s de amplio rango contra infestaciones de garrapata, secuencias de gen y proteinas
codificadas para dih antigenos, vacunas relacionadas y métodos Utiles para inducir una respuesta inmune.




OFFICE OF THE SECRETARY OF

. APOSTILLE
(Convention de La Haye du 5 Octobre 1961)

L. Country: United States of America
This public document

2. Has been signed by Cindy L. Malayer

3. Acting in the capacity of Notary Public, State of Oklahowma

4. Bears the seal/stamp of Cindy L. Malayer, Notary Public

CERTIFIED
5. At Oklahoma City, Oklahoma, U.S A,

6. The 20th day of December, 2005

7. By Administrative Technician

¢ of Oklahoma

10. Signature: %

/ -
h’! ‘ \.s-"-

S

Pat Coats \3*

Administrative TechBician
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PODER
Yo (nosotros)

domicitiado(s) en

Nombro(amos) a: JUAN PABLLO CADENA SARMIENTO y/o
BEATRIZ JARAMILLO y/o CARLOS H. PALACIO
EASTMAN y/o HECTOR GOMEZ MEJIA, de Bogota,
Colombia, apoderados verdaderos y legales con poder
especial, amplio y suficiente, para recabar de las oficinas y
autoridades colombianas administrativas, judiciales y de
policia, en cualquier instancia o recurso, la obtencion de
patentes de invencidn, registros de marcas, disefios
industriales, modelos dé ilidad, depésitos de nombres
comerciales y ensefias, registros de derechos de autor y
contratos sobre tos mismos, obtencion de certificados de
obtentor de variedades vegetales, asi como sus prorrogas,
renovaciones, anotaciones de iraspaso, cambios de nombre

‘ylko domicili; elaborar, tramitar y registrar contratos de

licencia y licencias de cualesquiera clases; intervenir como
demandante o como demandado en cualquier instancia y
recurso ante cualquier juez, corporacion, funcionario pitblico
o autoridad en acciones judiciales, administrativas y de
policia tales como: oposiciones al registro de marcas,
acciones de caducidad, cancelacién y nulidad; acciones
reivindicatorias, acciones derivadas de la obtencion o
explotacion de licencias; acciones de competencia desleal;
demandas - penales;  acciones de indempizacién de
perjuicios, reclamos y observaciones a solicitudes de
patentes, disefios industriales, modelos de utilidad, en el
gjercicio de medidas cautelares y en ofras acciones o
medidas similares.

A este efecto, lo(s) faculto(amos) para elevar solicitudes,
formular descripciones, enmiendas,
declaraciones, oposiciones, cancelaciones, nulidades,
apelaciones y reclamos, pagar impuestos, cuolas vy
gravamenes prescritos por la iey, rénunciar o desistir a
derachos concedidos o en curse de concesion; recibir foda
clase de documentos y valores, dando el descargo
respectivo, y, en general, para dar ante dichas autoridades
todos los pasos necesarios al efecto indicado y tomar todas
las medidas que creyeren conducentes al resguardo de mis
{nuestros intereses), con todas las demas facultades legales
necesarias.

Este poder comprende la facultad de ratificar o confirmar en
mi (nuestro) nombre lo actuado asi como la facultad de
desistir, transigir, comprometer, y la de sustituirto en todo o
en parte y revocar sustituciones. Asimismo nombro(amos)
a. JUAN PABLO CADENA SARMIENTO y/o BEATRIZ
JARAMILLO v/o CARLOS H. PALACIO EASTMAN y/o
HECTOR GOMEZ MEJIA, domiciliado(s) en la Carrera 7
No. 16-56 Piso 9, mis (nuestros) apoderados en Colombia,
con facultades para recibir notificaciones y designar
apoderados judiciales o extrajudiciales.

Otorgado y firmado en
hoy de de 200_
Firma

Nombre
Cargo

~E LT 0 | —— - =

o | ;,Bri%ard & Castro /

OGOTA - COLOMBIA

protestas,

-

POWER OF ATTCRNEY

. The Board'oflR.estents for
I {We). =
Oklahoma State University
domicited in 203 Whitehurst
Stillwater, OK 74078
Unit‘ed States of America

Hereby appoints JUAN PABLO CADENA SARMIENTO
and/or BEATRIZ JARAMILLO andior CARLOS H.
PALACIO EASTMAN and/or HECTOR GOMEZ MEJIA, of
Bogota, Colombia, my (our) true and lawful attorneys with
special, ample and sufficient power to obtain from the
Colombian administrative, judicial and police offices and
authorities, in any instance, privileges of patents of
invention, registration of trademarks, industrial designs and
utility models; registration of commercial names and
emblems, registration of copyright and contracts related
thereto, cértificates of obtainers of vegetables varieties, as
well as extensions, renewals and recordal of assignments
and changes of name and dornicile elated to the ahove; to
prepare, prosecute and register licenses of any kind; to act
as plaintiff or defendant.in ‘any instance or recourse, and
before any judge, corporation, public official or authority in
judicial, administrative and police actions, such as;
oppositions to the registration of trademarks; caducity,
canceliation and nullity actions; claim actions derived from
the obtaining or exploitation of licenses, action of unfair

.competition; criminal proceedings, actions for payment of

damages: claims ¢or observations on patent applications,
models, industrial designs and utility models; in the exercise
of preventive measures and in other actions or similar
proceedings.

To that effect they hereby empowered to file applications,
formulate descriptions, amendments, protests, declarations,
oppositions, canceliations, nullities, appeals and claims; to
pay taxes, quotas and assessments prescribed by iaw,
renounce or waive the rights granted or in the process of
granting; to recsive all kinds of documents and valuables,
giving the respective release of receipt, and, in genéral, to’
take before said authorities the necessary steps to such
effect, and any measures that they may deem pertinent to
the safeguard of my (our) interest(s) with all the other

necessary legal powers.

This power includes the faculty to ratify or confirm desist,
settle and compromise on my (our) behalf, and to substitute
this power in whole or in part and to revoke substitutions. At
the same time | (We) hareby appoints JUAN PABLO
GCADENA' SARMIENTO and/or BEATRIZ JARAMILLO
and/or GARLOS H. PALAGCIO EASTMAN and/or HECTOR
GOMEZ MEJIA, domiciled in Carrera 7 No. 16-56, Piso 9,
my (our) attorney(s) in fact, with powers to receive
notifications and to designate judicial and extrajudicial
attorneys.

Granted and signed in  Stillwater, OK (U.5.A.)

this  6th day of Det

Signature

Name
Title



CERTIFICADO NOTARML (SOCIEDAD)

?

Hoy de i de
personalmente comparecio ante m’F ‘

a quien conozco, y de quien me cc(pnsta gue firmo el anterior
documento, debidamente Juramentado declard y dijo que &l
(ella) es ‘

{
J
de }

|

\
Sociedad legalmente const)tuld para un periodo ‘de
duracion que atn no ha termmadclz que el declarante esta
autorizado por dicha compafiia para conferir este poder, que
¢l sello estampado por él al pie de tal poder, en nombre y
representacion de la expresada compariia, es el sello OfIClal'
de ella; y que el objeto para el cual se confiere este
instrumento esta comprendido dentro del objeto social de Ia
sociedad. \

\
El suscrito Notario hace constar lque tuvo a la vista las

pruebas de la existencia de la SOCIEdad
. |
Estado de ' ‘\

con fecha !

|

y que quien confiers el presente po#er es su representante.
|
|
Notario Pablico (s}éno)

CERTIFICADO NOTARIAL s

PERSONA NATUBAL

Hoy de - de . cq;mparecié(eron) ante mi

.
|
a quien (es) conozco y me con%ta que es(son) ia(s)
persona(s) firmante(s) del documento gue precede |y
quien(es) declara(n) que otorgan el‘ mismo para los f:nes‘y
propositos que en él se expresan. ]

\

|

Notario Publico (s%llo)
L 'j- ‘
|
|
LEGALIZACION POR APOSTILLA ES REQUERIDA.
‘ .
I
|
i
>

NOTARIAL CERTIFICATE (CORPORATION})

Onthis] 6th  day of December of 2005 |nereonally
appeared before me |

Stephen W.S. McKeever’
to'me known, and known to me to be the person who
signed |the foregoing instrument who being by me duly
sworn did depose and say that he (she) is the
Vice President for Research and Tec nology

Transfer
of

The Board of Regents for Oklahoma State
University ‘

Which is legally constituted for a term not yet expired. that
deponent is authorized by said Company fo confer this
Power of Attorney: that the seal affixed hereunto hy the
deponent in the name and on behalf of said Corporation is
the corporate seal thereof, and that the purpose for which
this instrument is granted is included within the \corporate
purpose of company.

The undersigned Notary Public attests that he hag seen the
documents that prove the existence of the company.

State of| Oklahoma (U.S.A.)
under date of December 6

, 2005 _

and that/he (she) .who grants the present power of attorney
is its Representative.

‘PublitNotary (Seal)
Cindy L. Malayer
Commission Number 00018223

Commission Exp. 12/9/2008
NOTARIAL CERTIFICATE

NATURAL PERSON

On this day of - of
personal [/ appeared before me
e

who is{are) known to me and who | attest executed the
foregoing document and he (they) declared h
grant(s) the document for the uses and purposes therein
expressef

Notary Public (Seal)

LEGALIZA




TRADUCCION AL ESPAROL del Documento de Poder otorgado por The
Board of Reagents for Oklahoma State University domiciliada En 203
Whitehurst, Stillwater, Oklahoma, Estados Unidos de América.

OFICINA DEL SECRETARIO DE ESTADO
ESTADO DE OKLAHOMA

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

1. Pais: Estados Unidos de América
Este documento pablico
2. ha sido firmado por Cindy L. Malayer . _
3. actuando en capacidad de notario publico, Estado de Oklahoma
lleva el selloftimbre de Cindy L. Malayer, notario pGblico

Certificado

en Oklahoma City, Oklahoma, Estados Unidos de América
El 20 de diciembre de 2005

por el Técnico Administrativo

No. C00023964

Sello/timbre del Estado de Oklahoma

© 0o N O o

10. Firma

(Firma)
Pat Coats




. APOSTILLE
(Convention de La Haye du 5 Octobre 1961)

1. Country: United States of America
This public document
2. Has been signed by Jamie A. Robinson

3. Acting in the capacity of Notary Public, State of Oklahoma

4. Bears the seal/stamp of Jamie A. Robinson, Notary Public

CERTIFIED
5. At Oklahoma City, Oklahoma, U.S.A.
6. The 20th day of December, 2005

7. By Administrative Technician

*tare of Oklahoma

10. Signatdre:

Pat Coats
Administrative Technician




: STATE OF OKLAHOMA )
) ss.

COUNTY OF TULSA )

I certify that the attached document is a true and correct copy of the ASSIGNMENT from
JOSE DE JESUS DE LA FUENTE, KATHERINE M. KOCAN, CONSUELO GARCIA-
ALMAZAN, and EDMOUR F, BLOUIN, (as Assignors) to THE BOARD OF REGENTS FOR
OKLAHOMA STATE UNIVERSITY (as Assignee) wherein Assignors assigned all their right,
title and interest in and to the invention entitled “PROTECTIVE ANTIGENS AND VACCINES
FOR THE CONTROL OF MULTI SPECIES TICK INFESTATIONS” to Assignee, recorded
with the United States Patent and Trademark office on December 16, 2005, at Reel 016907,

Frame 0161, which original document I have seen.

' Dated: y;QMwaL/q 2005 %JAW-L Q %"’W“
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UNITED STATES PATENT AND TRADM OFFICE .
UNDER SECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND

DireCTOR OF THE UNITED STATES PATENT ANG TRADEMARK OFFiCE

R. ALAN WEEKS FIRS *500066263A*

321 S. BOSTON AVE., SUITE 800 * 500068253
TULSA, OK 74103-3318

DECEMBER 16, 2005

UNITED STATES PATENT AND TRADEMARK OFFICE
NOTICE OF RECORDATION OF ASSIGNMENT DOCUMENT

THE ENCLOSED DOCUMENT HAS BEEN RECORDED BY THE ASSIGNMENT DIVISION OF
THE U.S. PATENT AND TRADEMARK OFFICE. A COMPLETE MICROFILM COPY IS8
AVAILABLE AT THE ASSIGNMENT SEARCH ROOM ON THE REEL AND FRAME NUMBER
REFERENCED BELOW.

PLEASE REVIEW ALL INFORMATION CONTAINED ON THIS NOTICE. THE
' INFORMATION CONTAINED ON THIS RECORDATION NOTICE REFLECTS THE DATA
'PRESENT IN THE PATENT AND TRADEMARK ASSIGNMENT SYSTEM. IF YOU SHOULD
FIND ANY ERRORS OR HAVE QUESTIONS CONCERNING THIS NOTICE, YOU MAY
CONTACT THE EMPLOYEE WHOSE NAME APPEARS ON THIS NOTICE AT 571-272-3350.
PLEASE SEND REQUEST FOR CORRECTION TO: U.S. PATENT AND TRADEMARK OFFICE,
MAIL STOP: ASSIGNMENT SERVICES DIVISION, P.O. BOX 1450, ALEXANDRIA, VA 22313.

RECORDATION DATE: 12/16/2005 REEL/FRAME: 016907/0161
‘ NUMBER OF PAGES: b5

BRIEF: ASSIGNMENT OF ASSIGNOR'S INTEREST (SEE DOCUMENT FOR DETAILS) .
DOCKET NUMBER: 03300-57338 (04-597)

ASSIGNOR:

DE LA FUENTE, JOSE DE JESUS DOC DATE: 10/26/2005
ASSIGNOR:

KOCAN, KATHERINE M. ‘DOC DATE: 10/26/2005
ASSIGNOR:

GARCIA~ALMAZAN, CONSUELO DOC DATE: 12/07/2005
ASSTIGNOR:

BLOUIN, EDMOUR F. 'DOC DATE: 10/26/2005

P.O. Box 1480, Alexandfia, Virginia 223131450 - wwwiLSFTD,G0V
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\SSIGNEE:
THE BOARD OF REGENTS FOR OKLAHOMA
STATE UNIVERSITY
STUDENT UNION BUILDING
STILLWATER, OKLAHOMA 74078

ERIAL NUMBER:: 10972789 FILING DATE: 10/25/2004

~ATENT NUMBER: . ISSUE DATE:

tITLE: PROTECTIVE ANTIGENS AND VACCINES FOR THE CONTROL OF MULTI SPECIES
TICK INFESTATIONS

ASSIGNMENT DIVISION
JFFICE OF PUBLIC RECORDS
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Electronic Version v1.1 12/16/2005

Stylesheet Version v1.1 500066263
SUBMIESION TYPE: NEW ASSIGNMENT ' .
NATURE OF CONVEYANCE: ASSIGNMENT | | | | l

CONVEYING PARTY DATA

Name l Exetution Date !
10/26/2005
10/265

Jose de Jesus de la Fuente
Katherine M. Kocan _

[Consuelo Gargia-Almazan _

Edmour F. Bloum

W

RECEIVING PARTY DATA
ame: The Board of Regents for Oklahoma Stata Univarsity
Street Address: ]rl:udent Union Building _
(City: |/Stillwater | | N _L -
|Eta—telCounw: ~JlokLaroma | T O O
IlPostal Code: “74078 _ j .

o

PROPERTY NUMBERS Total: 1 5

Property Type Number

— e

Appiication Number: 10872789

'

40

CORRESPONDENGE DATA

»

ax Number: {918)583-8859 Oyl
dence will be sent via US Mail when the fax atiempt is unsuccessful.
Phone: (918) 599-0621
Email: patents@fellerssnider.com
‘Correspondent Name: R. Alan Weeks
Address Line 1: 321 8. Boston Ave., Sulte 800
Address Line 4: Tulsa, OKLAHOMA 74103-3318

ATTORNEY DOCKET NUMBER: 03300-57338 (04-597)

[NAME OF SUBMITTER: I R. Alan Weeks

Total Atiashments: 3
source=10972788#page1.tif
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Attorney Docket No. 57338/
Assignment
Page 1

ASSIGNMENT

WHEREAS, JOSE DE JESUS DE LA FUENTE, residing at 400 Squires Landing, Apt.
M-5, Stillwater, OK 74074; KATHERINE M. KOCAN, residing at 3909 E. 92nd Street, Perkins,
OK 74059; CONSUELO GARCIA-ALMAZAN, residing at Prol. Aldama 1424, Frac. La Sierra,
Cd. Victoria, Tam. CP 87037, Mexico; and EDMOUR F. BLOUIN, residing at 3909 E. 92nd
Street, Perkins, OK 74059, (hereinafter referred to as “ASSIGNORS”) are co-inventors of a
certain new and useful invention entitled “PROTECTIVE ANTIGENS AND VACCINES FOR
THE CONTROIL OF MULTI SPECIES TICK INFESTATIONS” for which a utility application
for Letters Patent of the United States was filed on October 25, 2004, as Serial No. 10/972,789,
which application is a continuation-in-part of utility application Serial No. 10/425,563, filed on
April 29, 2003, which application claims the benefit of prior filed prov1s1onal application Serial
No. 60/376,251; and

WHEREAS, THE BOARD OF REGENTS FOR OKLAHOMA STATE UNIVERSITY,
an institution of higher education located at Stillwater, Oklahoma, (hereinafter referred to as
“ASSIGNEE™) is desirous of acquiring the entire right, title and interest of ASSIGNORS in and
to the aforementioned invention and application, and in, to and under any and all Letters Patent
of the United States and in any and all foreign countries; and in fact has acquired such rights by
virtue of the prior assignment by ASSIGNORS to ASSIGNEE of the subject matter of the above-
identified provisional application;

NOW, THEREFORE, this indenture witnesseth that for good and valuable consideration,
the receipt and sufficiency of which is hereby acknowledged, ASSIGNORS, the inventors, have
sold, assigned, transferred and set over and do hereby sell, assign, transfer and set over to
ASSIGNEE, the above-referenced invention and application and any and all divisions,
continuations and continuations-in-part thereof, and any and all Letters Patent of the United
‘States, its territorial possessions, and any and all foreign countries which may be granted
therefor, and any and all extensions, reissues or certificates of reexamination of such Letters
Patent, including all rights of priority and the subject matter of any and all claims which may be
obtained in every such patent, the same to be held and enjoyed by ASSIGNEE for its own use
and benefit, and for the use and benefit of its successors, assigns or other legal representatives, to
the end of the term or terms for which such Letters Patent are or may be granted, extended,
reissued or reexamined as fully and entirely as the same would have been held and enjoyed by
ASSIGNORS if this assignment had not been made.

AND, ASSIGNORS hereby authorize and request the Commissioner of Patents to issue
any and all Letters Patent of the United States on the invention, or resulting from an application
which claims the benefit of the present application, and from any and all divisions and
continuations, extensions, reissues or reexaminations of any such application to ASSIGNEE, and



PATENT
Attorney Docket No. 57338/04-597
Assignment
Page 2
hereby covenant that they have full right to convey the entire interest herein assigned, and that
they have not executed and will not execute any agreement in conflict herewith.

AND, ASSIGNORS further hereby covenant and agree that they will, at any time, upon
request and at the expense of ASSIGNEE, execute and deliver any and all papers that may be
necessary or desirable to perfect the title to the invention and application and any Letters Patent
as may be granted therefor in ASSIGNEE, its successors, assigns, or other legal representatives,
and that if ASSIGNEE, its successors, assigns, or other legal representatives shall desire to file
any division or continuation application, or to secure an extension, reissue or reexamination of
such Letters Patent, or to file a disclaimer relating thereto, will, upon request, sign all papers,
make all rightful oaths, and do all requisite acts for the filing of such division, continuing, or
reissue application, request for reexamination or disclaimer, without further compensation.

AND, ASSIGNORS further agree to communicate to ASSIGNEE, its successors, assigns,
or other legal representatives, such facts relating to the invention disclosed in the present
application or Letters Patent issuing therefrom as may be known, and to testify as to such facts in
any interference or other litigation when requested to do so. '

Executed by the undersigned on the date indicated.

f' \O - 205

JOSE DE JESUS DE LA FUENTE Date
g@&d@a&’m Mean,  lo-2-0<

KATHERINE M. KOCAN Date |

CONSUELO GARCIA-ALMAZAN Date

e &ﬂ-«ﬁ f % 020 /05

EDMOUR F. BLOUIN Date

W #332957 vi
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PATENT
Attorney Docket No. 57338/04-597
Assignment
Page 2
hereby covenant that they have full right to convey the entire interest herein assigned, and that
they have not executed and will not execute any agreement in conflict herewith.

AND, ASSIGNORS further hereby covenant and agree that they will, at any time, upon
request and at the expense of ASSIGNEE, execute and deliver any and all papers that may be
necessary or desirable to perfect the title to the invention and application and any Letters Patent
as may be granted therefor in ASSIGNEE, its successors, assigns, or other legal representatives,
and that if ASSTGNEE, its succéssors, assigns, of other legal “repféééﬁtanves shall dasize to file
any division or continuation application, or to secure an extension, reissue or reexamination of
such Letters Patent, or to file a disclaimer relating thereto, will, upon request, sign all papers,
make all rightful oaths, and do all requisite acts for the filing of such division, continuing, or
reissue application, request for reexamination or disclaimer, without further compensation.

AND, ASSIGNORS further agree to communicate to ASSIGNEE, its successors, assigns,
or other legal representatives, such facts relating to the invention disclosed in the present
application or Letters Patent issuing therefrom as may be known, and to testify as to such facts in
any interference or other litigation when requested to do so.

Executed by the undersigned on the date indicated.

JOSE DE JESUS DE LA FUENTE Dot
KATHERINE M. KOCAN Do

Coy _—
CONSUELO -ALMAZAN&& } ‘
EDMOUR F. BLOUIN o

W #332057 vi
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TRADUCCION AL ESPANOL del Documento de Cesiéon a The Board of
Regents for Oklahoma State University firmado por ios cedentes y el
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Yo certifico que el documento anexo es una copia verdadera y
correcta de la CESION de JOSE DE JESUS DE LA FUENTE, KATHERINE
M. KOCAN, CONSUELO GARCIA-ALMAZAN, y EDMOUR F. BLOUIN (como
Cedentes) a THE BOARD OF REGENTS FOR OKLAHOMA STATE
UNIVERSITY (como Cesionario) en donde los Cedentes ceden todo su
derecho, titulo e interés en y para la invencién titulada “ANTIGENOS
PROTECTORES Y VACUNAS PARA EL CONTROL DE INFESTACION DE
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Oficina de Marcas y Patentes de Estados Unidos en Diciembre 16 de 2005,
en el rollo 016907, cuadro 0161, del cual he visto el documento original.

Fechado: Diciembre 19 de 2005 (Firma)
Jamie A. Robinson, notario publico
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Expediente de Abogado No. 57338/04-597
Cesion

Pagina 1

CESION

CONSIDERANDO QUE, JOSE DE JESUS DE LA FUENTE, residiendo en 400
Squires Landing, Apt. M-5, Stillwater, OK 74074; KATHERINE M. KOCAN, residiendo en 3909
E. 92nd Street, Perkins, OK 74059; CONSUELO GARCIA-ALMAZAN, residiendo en Prol.
Aldama 1424, Frac. La Sierra, Cd. Victoria, Tam. CP 87037, Méjico; y EDMOUR F. BLOUIN,
residiendo en 3909 E. 92nd Street, Perkins, OK 74059, (en adelante referidos como
“CEDENTES") son coinventores de cierta invencién nueva y dfil titulada "ANTIGENOS
PROTECTORES Y VACUNAS PARA EL. CONTROL DE INFESTACIONES DE MULTIPLES
ESPECIES DE GARRAPATAS" para la cual se presentd solicitud de patente de estados
Unidos en octubre 25 de 2004, como nlmero de serie 10/972,789, solicitud que es una
continuacion parcial de la solicitud de utilidad nimero de serie 10/425,563, presentada en abril
29 de 2003, solicitud que reclama el beneficio de la solicitud provisional presentada con
anterioridad nimero de serie 60/376,251; y

CONSIDERANDI QUE, THE BOEARD OF REGENTS FOR OKLAHOMA STATE
UNIVERSITY, una institucién de educacién superior localizada en Stillwater, Oklahoma (en
adelante referido como “CESIONARIO") esta deseoso de adquirir la totalidad del derecho,
titulo e interés de los CEDENTES en y para la invencion y solicitud arriba mencionadas, y en,
para y bajo cualquiera y todas las patentes de Estados Unidos y en y todos los paises
extranjeros; y de hecho ha adquirido tales derechos por virtud de la cesion anterior por los
CEDENTES al CESIONARIO de la materia de la solicitud provisional arriba mencionada;

AHORA, POR LO TANTO, esta escritura da testimonio de la consideracién buena y
valiosa, el recibo y suficiencia de la cual se reconoce por la presente, los CEDENTES, los
inventores, han vendido, cedido, transferido y fraspasado y por la presente venden, ceden,
trasfieren y traspasan al CESIONARIO la invencién y solicitud arriba referidas y cualquiera y
todas las divisiones, continuaciones y continuaciones parciales de las mismas, y cualquiera y
todas las patentes de estados Unidos, sus posesiones territoriales, y cualquiera y todos los
paises extranjeros que hallan concedido las mismas, y cualquiera y todas las extensiones,
remisiones o certificados de reexaminacion de tales patentes, incluyendo todos los derechos
de prioridad y la materia de cualquiera y todas las reivindicaciones que se obtengan en todas
tales patentes, las mismas seran tenidas y disfrutadas por el CESIONARIO para su propio uso
y beneficio, y para el uso y beneficio de sus sucesores, cesionarios u ofros representantes
legales, hasta el fin del término o términos para los cuales se concedan o puedan concederse,
extenderse, reemitirse o reexaminarse tales patentes, tan completa y enteramente como se
tendrian y disfrutarian los mismos por los CEDENTES si esta cesion no hubiere sido hecha.

Y, LOS CEDENTES por la presente autorizan y solicitan al Comisionado de patentes
a emitir cualquiera y todas las patentes de Estados Unidos sobre la invencion, o que resulten
de una solicitud la cual reclame el beneficio de la presente solicitud, y de fodas y cualquier
division y continuacién, extension, reemision o reexamen de cualquier tal solicitud al
CESIONARIO, y
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por la presente garantizan que tiene pleno derecho para transferir @ interés aqui
cedido, y que no han ejecutado y no ejecutaran ningtin-acuerdo en conflicto con éste.

Y, LOS CEDENTES ademas garantizan y acuerdan por la presente que, en cualquier
momento, por solicitud y a costas del CESIONARIQ, ejecutaran y entregaran cualquiera y
todos los documentos que puedan ser necesarios 0 deseables para perfeccionar el titulo de la
invencién y la solicitud y cualquier patente que pueda ser concedida por la misma la
CESIONARIO, sus sucesores, u otros representantes legales, y que si el CESIONARIO, sus
sucesores, u otros representantes legales desean presentar cualquier solicitud de division o
continuacién, o para asegurar una extension, reemision o reexamen de tales patentes, o
presentar un abandono relacionado con ellas, por solicitud, firmaran fodos los documentos,
haran todos los juramentos apropiados, y realizaran todos los actos requeridos para la
presentacion de tal solicitud de division, continuacién o reemision, solicitaran el reexamen o el
abandono, sin compensacion adicional.

Y, LOS CEDENTES ademas acuerdan comunicar al CESIONARIO, sus sucesores,
cesionarios, u otros representantes legales, tales hechos relacionados con la invencion
divulgada en la presente solicitud o la patente que salga de la misma que puedan conocer, y
testificar en cuanto a dichos hechos en cualquier interferencia u ofro litigio cuando asi se les
solicite.

Ejecutada por los suscritos en la fecha indicada.

(Firma) 10-26-05
JOSE DE JESUS DE LA FUENTE Fecha

(Firma) 10-26-05
KATHERINE M. KOCAN Fecha
CONSUELO GARCIA-ALMAZAN Fecha

(Firma) 10/26/05

EDMOUR F. BLOUIN Fecha

g
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por la presente garantizan que tiene pleno derecho para transferir e interés aqui
cedido, y que no han ejecutado y no ejecutarén ningtin acuerdo en conflicto con éste.

Y, LOS CEDENTES ademas garantizan y acuerdan por la presente que, en cualquier
momento, por solicitud y a costas del CESIONARIO, ejecutaran y entregaran cualquiera y
todos los documentos que puedan ser necesarios o deseables para perfeccionar el titulo de la
invencion y la solicitud y cualquier patente que pueda ser concedida por la misma Ia
CESIONARIO, sus sucesores, u otros representantes legales, y que si el CESIONARIO, sus
sucesores, u otros representantes legales desean presentar cualquier solicitud de division o
continuacién, o para asegurar una extension, reemision o reexamen de tales patentes, o
presentar un abandono relacionado con ellas, por solicitud, firmaran todos los documentos,

_haran todos los juramentos apropiados, y realizaran fodos los actos requeridos para la
presentacion de tal solicitud de division, continuacién o reemision, solicitaran el reexamen o el
abandono, sin compensacién adicional.

Y, LOS CEDENTES ademéas acuerdan comunicar al CESIONARIO, sus sucesores,
cesionarios, u ofros representantes legales, tales hechos relacionados con la invencion
divulgada en la presente solicitud o ia patente que salga de la misma que puedan conocer, y
testificar en cuanto a dichos hechos en cualquier interferencia u otro litigio cuando asi se les
solicite.

Ejecutada por los suscritos en la fecha indicada.

JOSE DE JESUS DE LA FUENTE Fecha

KATHERINE M. KOCAN Fecha
(Firma). Dic/07/05

CONSUELO GARCIA-ALMAZAN Fecha

EDMOURF. BLOUIN Fecha
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UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office

December 30, 2005

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
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A
FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 10/972,789
FILING DATE: October 25, 2004

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS
CONVENTION, IS US10/972,789

By Authority of the

Under Secretary of Commerce for Intellectual Property
and Director of the United States Patent and Trademark Office

Certifying Officer
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CERTIFICATION UNDER 37 C.F.R. AND L10
I hercby certify that, on the date shown below, this correspondence is being
deposited with the United States Postal Service in an envelope addressed to:
Mail Stop Patent Application, Commissioner for Patents, P.O. Box 1450,
Alexandria, VA 22313-1450 as "Express Mail Pogt Office to Address".
Mailing Label No, EV16675658308 on October 2004,

)M

Signatife o (wwmmafm@m

+

PA
Docket No.: 57338/04-597
Page 1 of 8

Preliminary Clﬁééﬁﬁcatx@m
Proposed Class: \
Subclass: ‘

|

NOTE: "All applicants are requested to include a preliminary classification on newly filed patent
classification, preferably class and subclass desxgnattons, should be
identified in the upper right-hand corner of the letter of transmittal accompanying the application
| papers, for example 'Prpposed Class 2, subclass 129. " M.P. E.P. Section 601, 7th ed

applications. The prelim

IN THE UNITED STATES PATENT AND TRADEMARK omcf::E

Mail Stop Patent Application
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

NEW APPLICATION TRANSMITTAL

Transmitted herewith for filing is the patent application of

: Inventor(s): José de Jestis DE LA FUENTE

For (title):

Katherine M. KOCAN
Consuelo GARCIA-ALMAZAN
Edmour F. BLOUIN

MULTI SPECIES TICK INFESTATIONS

|

PROTECTIVE ANTIGENS AND VACCINES FOR THE CONTROL OF

22278 U.8.PTO

P g
oty

10/972789

AR

o

-

Copy provided by USPTO Irom the IFW Image Database on 15/26/2005
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1. Type of Application

This new application is for a(n)

Lame N e fl aams a3 auan |
[ e e e al and

>

Original (non-provisional)
Design

Plant

Divisional.

Continuation.
Continuation-in-part (C-I-P).

2. Benefit of Prior U.S. Application(s) (35 U.S.C. Sections 119(e), 120, or 121)

iX]

The new application being transmitted claims the benefit of prior U.S. application(s).
This application is a _continuation-in-part  of corresponding application Serial

No. _10/425.563 _, filed _04/29/2003 ; which in part is a is a _non-provisional of

corresponding application Serial No. _60/376.251_, filed _04/29/2002.

3. Papers Enclosed

A,

[

| Required for Filing Date under 37 C.F.R. Section 1.53(b) (Regular) or 37 C.F.R.

Section 1.153 (Design) Application

_36_ Pages of Specification
6 Pages of Claims

1 Pages of Abstract

_ 4  Sheets of Drawing [Formal]

The enclosed drawing(s) are photograph(s), and there is also attached a "PETITION
TO ACCEPT PHOTOGRAPH(S) AS DRAWING(S)." 37 C.F.R. Section 1.84(b).

[] Formal
[] Informal
Other Papers Enclosed

Pages of declaration and power of attorney

Pages of assignment

Nonpublication Request and Certification under 35 U.S.C. 122 (b)(2)(BX(i)
Initial Application Data Sheet (4_ pg)

None

Other

M

I

Copy provided by USPTO from the IFW Image Database on 12/28/2005
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! Docket No.: 57338/04-597

I! ~ Page3of8
Additional Papers Enclosed
[1 Amendment to claims _
[1  Cancel in this applications claims before calculating the filing fee.

golm one original mdependcnt claim must be retained for filing
ses.)

[1 Aﬁdd the claims shown on the attached amendment. (Claims added have been
umbered consecutively following the highest numbered original claims.)
[1 Prelmnary Amendment :
[] Information Disclosure Statement (37 C.F.R. Section 1.98)
[1 FormPTO-1449 (PTO/SB/0SA and 08B)
[1 Citations
[1  Declaration of Biological Deposit
[X] Submission of "Sequence Listing," computer readable copy and/or amendment
pertaining thereto for blotechnology invention containing nucleotide and/or ammo
acid sequence.
[X] NOTE: I hereby state that the information recorded in computer readable
form is identical to the written (on paper or compact disc) sequence listing.
See 37 CFR 1.821(f).
[] Authorization of Attorney(s) to Accept and Follow Instructions from
Representative
[ ] Special Comments
[1 Other

Declaration or Oath (inclading power of attorney)

[ 1 Enclosed
Executed by .
[] inventor(s).
[ 1 legal representative of inventor(s). 37 C.F.R. Section 1 42 or 1.43.
[]1 joint inventor or person showmg a proprietary interest on behalf of
inventor who refused to sign or cannot be reached. ‘
[ 1  Thisis the petition required by 37 C.F.R. Section 1.47 and the
statement required by 37 C.F.R. Section 1.47 is also attached. See
item 13 below for fee.

[X] NotEnclosed.
[ 1 Application is made by a person authorized under 37 C.F. R. 1.41 on behaif
of all the above named inventor(s).
[1]1 Showing that the filing is authorized.

Copy provuded by U§PTO from the i FW Image Database on 121291’2005
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Page 4 of 8
Language
(X] English

{1 Non-English

[] The attached translation includes a statement that the translation is
accurate. 37 C.F.R. Section 1.52(d).

Assignment
[X] Anassignment of the invention to

[ ] isattached. A separate
[] "COVER SHEET FOR ASSIGNMENT (DOCUMENT)
ACCOMPANYING NEW PATENT APPLICATION" or
[ 1 FORM PTO 1595 is also attached.. '
[ 1 will follow.
[X] Assignment previously recorded on _07/14/2003 at Reel 014258 /Frame

Certified Copy

Certified copy(ies) of application(s)
Counfry:

Application No.:

Filed:

from which priority is claimed

[] is(are) attached.
[]  will follow.

Copy provided by USPTO from the IFW Image Database on 12/29/2005
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9. Fee Calculation (37 C.F.R. Section 1.16)

A.. [X] Regular application

CLAIMS AS FILED
Claims NumberFiled  BasicFee NumberExtra  Rate
Allowance
Total Claims
(37C.FR. 53 -20= 33x $18.00
_ Section
@ PARLD
Qndependent .
laims 10 -3= X $ 88.00
(37 C.F.R. Section
1.16(b))
Multiple
Dependent X $300.00
Claim(s), if any
(37 C.F.R. Section
1.16(d))
[] Amendment cancelling extra claims is enclosed.
[] Amendment deleting multiple-dependencies is enclosed.
[ ] Fee for extra claims is not being paid at this time.

Filing Fee Calculation

[ 1 Design application
($340.00--37 C.F.R. Section 1.16(f)) _
Filing Fee Calculation

[] Plant application
($530.00--37 C.F.R. Section 1.16(g))
Filing Fee Calculation

Page 5 of 8

Basic Fee
37CFR.
Section 1.16(a)
$790.00

594.00

880.00

.00

$2.264.00

Coby providéd by USPTO from the IFW Image Database on 12/29/2005
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Small Entity Statement(s)
[ 1 Smallentity statement is claimed at this time.
[X] Small entity statement is not claimed at this time.

Filing Fee Calculation (50% of A, B or C above) $2.264.00

Request for International-Type Search (37 C.F.R. Section 1.104(d))
‘ (complete, if applicable)
[ ]‘ Please prépart; an international-type search report for this application at the time
when national examination on the merits takes place.
Fee Payment Being Made at This Time
[X] NotEnclosed
[X] No filing fee is to be paid at this time.
[ 1 Enclosed
[ 1 Filingfee $
[ 1 Recording assignment
($40.00; 37 C.F.R. Section 1.21(h))
(See attached "COVER SHEET FOR
ASSIGNMENT ACCOMPANYING NEW
APPLICATION.") $,
[] Petition fee for filing by other than all the
inventors or person on behalf of the inventor where
inventor refused to sign or cannot be reached
($130.00; 37 C.F.R. Sections 1.47 and 1.17(T)) $
[1 For processing an application with a

specification in a non-English language
($130.00; 37 C.F.R. Sections 1.52(d) and 1.17(k)) $

Copy provided by USPTO from the [FW Image Database on 12/29/2005
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[]  Processing and retention fee
($130.00; 37 C.F.R. Sections 1.53(dyand 1.21{})) $

[ 1 Fee for international-type search report

($40.0_0; 37 C.E.R. Section 1.21(e)) $
Total Fees Enclosed $
Method of Payment of Fees

[] Check in the amount of $

[] Charge Account No. in the amount of §____
[ 1 A duplicate of this transmittal is attached.

Authorization to Charge Additional Fees

[] The Commissioner is hereby authorized to charge the following additional fees by
this paper and during the entire pendency of this application to Account No..

[ 1 37C.FR.Section 1.16(a), (f) or (g) (filing fees)

[ 1 37C.F.R Section 1.16(b), (¢) and (d) (presentation of extra clalms)

[ 1 37 CFR. Section 1.16(¢) (surcharge for filing the basic filing fee and/or
declaration on a date later than the filing date of the application)

[ 1 37CF.R. Section 1.17(a)(1)-(5) (extension fees pursuant to Section 1.136(a).

[ ] 37CFR. Section 1.17 (application processing fees)

[ 1 37 CFR. Section 1.18 (issue fee at or before mailing of Notice of
Allowance, pursuant to 37 C.F.R. Section 1.311(b))

Instructions as to Overpayment

[1 Credit Account No.
[1 Refund
Correspondence Address

Customer No. 22206

Copy provided by USPTO from the IFW Image Database on 12/29/2005
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Reg. No.: 36,050
Tel. No.: (918) 599-0621

.» Customer No.: 22206

o
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PATENT
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Page 8 of 8

Respectfully submitted,

ALl )

SIGNATURE OF PRACTITIONER

R. Alan Weeks

(type or print name of practitioner)

. Bo '
P.O. Address

Tulsa, OK 74103-3318

Copy provided by USPTO from the IFW Image Database on 12/29/2005 -



INITIAL APPLICATION DATA SHEET

Application Information

Application Type:: Regular

Subject Matter:: Utility

Suggested Classification::

Suggested Group Art Unit::

Sequence submission?:: Paper

Computer Readable Form (CRF)?:: Yes

Number of copies of CRF::  One

Title:: Protective antigens and vaccines for the control of
Py multi species tick infestations '
@ Atomey Docket Number:: ~ 57338/04-507

'.Request for Early Publication::  No
Request for Non-Publication::  No
Suggested Drawing Figure::

Total Drawing Sheets:: 4
Small Entity?:: No
Petition Included?:: No

Secrecy Order in Parent Appl.?:: No

Applicant Information
| . Applicant One Authority Type::  Inventor
| g Primary Citizenship Country::  Cuba

Status:: Full Capacity
Given Name:: José de Jesus
Family Name:: - de la Fuente
City of Residence:: Stillwater
State or Province of Residence:: OK
Country of Residence:: USA
Page 1 Initial October 25, 2004

Copy provided by USPTO from the IFW Image Database on 12/29/2005



Street of mailing address::
City of mailing address::

400 Squires Landing, Apt. M-5

Stillwater

State or Province of mailing address:: OK

Country of mailing address::

USA

Postal or Zip Code of mailing address:: 74074

Applicant Two Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
‘ountry of Residence::

Street of mailing address::
City of mailing address::

Inventor

USA

Full Capacity
Katherine M.

Kocan

Perkins

OK

USA

3909 E. 92nd Street
Perkins

State or Province of mailing address: OK

Country of mailing address::

USA

Postal or Zip Code of mailing address:: 74059

Applicant Three Authority Type:: Inventor

Primary Citizenship Country::
Status::
‘. Given Name::
. Family Name::
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PROTECTIVE ANTIGENS AND VACCINESFOR THE
CONTROL OF MULTI SPECIES TICK INFESTATIONS

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation-in-part of copending U.S. Patent
Application Serial No. 10/425,563, filed April 29, 2003, which application claims the
benefit of U.S. Provisional Patent Application Serial No. 60/376,251 filed April 29, 2002.

Both noted priority appliéations are incorporated herein by reference.

BACKGROUND OF THE INVENTION
Technical Field:

[0002] The present,invéntion relates to the identification of protective antigens
against tick infestations, gene sequences and encoded proteins for such antiéens, related
vaccines and methods useful to induce an immune response in mammals, which are
protective against a broad range of tick species.

Background:

[0003] Ticks parasitize wild, domesticated animals and humans and transmit
pathogens including fungi, bacteria, viruses and protozoon. Currently, ticks are
considered to be second in the world to mosquitoes as vectors of human diseases, but
they are considered to be the most important vector of pathogens in North America

(Parola and Raoult, 2001). Ixodes spp. are distributed worldwide and act as vectors of

human diseases caused by Borrelia burgdorferi (Lyme disease), Anaplasma

phagocytophila (human granulocytic ehrlichiosis), Coxiella burnetti (Q fever),
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Francisella tularensié (tularemia), B. afzelii, B. lusitaniae, B. valaisiana and B. garinii,
Rickettsia helvetica, R. japonica and R australis, Babesia divergens and tick-borne
encephalitis (TBE) alfxd Omsk Hemorrhagic fever viruses (Estrada-Pefia and Jongejan,
1999; Parola and Raoult, 2001). Throughout eastern and southeastern United States and
Canada, . scapularis (the black legged tick) is the main vector of B. burgdorferi sensu
stricto and 4. phagocéytophz‘la (Estrada-Pefia and Jongejan, 1999; Parola__and Raoult,
2001). Besides Ixodes, other tick species of medical and veteﬁnary importaucé include -
those of the genera Amblyomma, Dermacentor, Rhipicephalus and Baophzlus |

[0004] Control of tick infestations is difficult and often impractical for multl-host
ticks such as frodes spp. Presently, tick control is eﬁ“ected by integrated pest management
in which different control methods are adapted to one area or against one tick species
with due consideration to their environmental effects. Control of ticks by vaccination,
however, would avoid environmental contamination and selection of drug resistént ticks
that result from repeated acaricide application (de la Fuente et al., 1998; Garcia-Garcia et
al., 1999, de la Fuente and Kocan 2004). Anti-tick vaccines would also allow for
inclusion of multiple antigens in order to target a broad range of tick species énd for
incorporation of pathogen-blocking antigens (de la Fuente and Kocan 2004).

_[0005] Recently, vaccines have been developed against one-host Boophilus spp.
(Willadsen, 1997; Willadsen and Jongejan, 1999; de la Fuente et al., 1999; 2000; de Vos
et al.,, 2001; de la Fuente and Kocan 2004). The recombinant B. microplus BMSG gut
antigen included in commercial vaccine formulations TickGARD (Hoechst Ammal
Health, Australia) and Gavac (Heber Biotec S. A., Havana, Cuba) also confers partial

protection against phylogenctically related Hyalomma and Rhipicephalus tick genera (de
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la Fuente et al., 2000; de Vos et al., 2001; de la Fuente and Koca1; 2004). However,
immunization with BM86 failed to protect against the more phylogenetically distant
Amblyomma spp. (de Vos et al.,, 2001). These results suggest that using Bm86 or a
closely related gene for the production of vaccines against Ixodes spp. or other tick
genera phylogenetically distant from Boophilus spp. (Black and Piesman, 1994) could be
impractical. Therefore, there remains a need to identify broad range vaccine candidates
against tick infestations across phylogenetically distant species (de la Fuente and Kocan
2004).

[0006] In parent application Serial No. 10/425,563 we described the identification
by ELI and sequence analysis of protective cDNA clones against experimental

infestations with I. Scapularis in what was the first example of the application of ELI to

arthropods and particularly to ticks (Almazan et al 2003 a,b). It was thought that these |

protective antigens, although identified for I scapularis, might be cross protective
between Ixodes species considering the high degree of conservation of gene sequences
and protein function between species of the same genus.

[0007] Surprisingly, it has been discovéred that certain of the protective antigens
exhibit activity and are expressed across tick species, and in some circumstances across
genera, thus making possible the use of these common antigens in broad range anti-tick

vaccine formulations.

SUMMARY OF THE INVENTION
[0008] In the parent application, numerous protective antigens derived from 1

scapularis were identified and shown to possess protective properties against I
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scapularis tick infésta:tion& Among these antigens were clones and associated

polypeptides demgnqted 4D8, 4F8 and 4E6.  Herein the activity of these particular
protective antigens is demonstrated to extend to other tick species, and, in the case of
4D8, 4F8 and 4E6 to non-Ixodes tick species. In addition, there is provided the recently
discovered sequence% (DNA and protein) of tick protective antigen 4D8 deﬁved from
genus Rhipice:phah.lsll particularly Rhipicephalus appendiculatus. |

[0009] Sequepce conservation and expression of 4F8, 4D8 and 4E6 Wefe
analyzed in 1 scapulézris related species, I pacificus and I ricinus, and in D. vdriabilis,

R. sanguineus, B. migroplus and 4. americanum by RT-PCR using the primers specific
for the known 1 scap;ular;is sequences. Expression was detected in . ricinus for all three
genes and in L paczjﬁi;us for 4D8 and 4E6. Expression of 4D8 was also detected in D.
variabilis, B. micropiw, R. sanguineus and A. americanum. Corresponding 4D8 genes of
D, variabilis, A. americanum and B. microplus were cloned and sequenced. |

[0010] The detection of 4D8 and 4E6 expression in non-Ixodes tick specxes were
the basis for an experiment in which rabbits were immunized with I scapularis derived
4F8, 4D8 and 4E6 and challenged with L scapularis, D. variabilis and A. americanum
" nymphs. Results support using the inventive pljotecﬁve antigens in vaccine fo}mulaﬁons
for the control of multiple tick species.

[0011] Accordingly, in one embodiment of the present invention there is provided
c¢DNA sequences, protein encoding fragments thereof, and derived protein scduences for
the multi-species protective antigens denominated 4F8, 4D8 and 4E6.

[0012] In another embodiment of the present invention there is provided a

vaccine composition comprising the inventive protective recombinant proteins and/or
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modified cDNAs separately or which may optionally be combined with aﬁjuvant to
enhance the protecnon efficacy of vaccine preparations against multiple tick species,
wherem the vaccine composmon further comprises a pharmaceutically acceptable carrier
or diluent. The vaccine composition also may optionally be combined with tlck-bome
pathogen oomponent%s 1o provide a means to control tick-borne infections, wherein the
vaccine compositioniﬁmher comprises a pharmaceutically acceptable carrier or diluent
and adjuvant. |
[0013] In anoiher embodiment of the present invention there is 'provideci a method
for inducing an immiune response in a mammal to provide immune protection, which
reduces or affects infestations by target ticks and/or transmission of tick-borne pathogens,
the method compﬁsing administering to at-risk human population and mammalian
reservoir an effective amount of a vaccine composition comprising thc‘ inventive
protective recombinant proteins and/or modified cDNAs alone or in combination with an
" adjuvant or tick-borne pathogen components to provide a means to control tick
infestations and to reduce transmission to humans of tick-borne infections, wherein the
vaccine composition further comprises a pharmaceutically acceptable carrier or ;dilue_nt.
[0014] A better understanding of the present invention and its objects and
advantages will become apparent to those skilled in this art from the following detailed
descripti_on, wherein there is described only the preferred embodiment of the invention,
simply by way of illustration of the best mode contemplated for carrying out the
invention. As will be realized, the invention is capable of modifications in various

obvious respects, all without departing from the scope and spirit of the invention.
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Accordingly, the description should be regarded as illustrative in nature and not as

restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a summary of the cDNA ELI approach used to identify
protective antigens against I scapularis infestations.

[0016] FIG. 2A is a graph depicting the results of a primary screen of cDNA |
pools (A-H 1-4, A5) by ELL V, control mice injected with 1 pg vector DNA alone.
*0<0.01, **0<0.05 (Tukey's post-hoc test for pair comparisons after ANOVA). Number
in boxes represent values for inhibition of tick infestation with respect to the control
group.

[0017] FIG. 2B is a graph depicting the results of a primary screen of cDNA
pools (A6-A10, B-H 5-8) by ELL V, contrql mice injected with 1 pg vector DNA alone.
*g<0.01, **0<0.05 (Tukey's post-hoc test for pair comparisons afier ANOVA). Number
in boxes represent values for inhibition of tick infestation with respect to the control
group.

[0018] FIG. 3 is a graph depicting the results of a tertiary screen by ELI of cDNA
sub-pools formed according to the predicted function of encoded proteins. Only groups
with 1>15% are shown (white bars). The number of engorged larvae per mouse is
expressed as mean+SD (black bars). Control mice were injected with mitochondrial (MT)

cDNAs. *P<0.05 (Student’s t-test).
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DETAILED DESCRIPTION OF THE INVENTION

[0019} Befoz}e explaining the present invention in detail, it is important to
understand that the invention is not limited in its application to the details of the
construction illusu'a*;ed and the steps described herein. The invention is oap.aﬁle of other
embodiments and o:f';bein’g practiced or carried out in a variety of ways. It is to be
understood that the ‘I in'aéeology and terminology employed herein is for the purpose of
description and not of‘ limitation. '

{0020] In th@ parent application, there were provided 25 separate and distinct
sequences compnsmg 14 cloned cDNA molecules and 11 deduced amino acxd sequences
of encoded polypepn{des, said sequences havmg been isolated and identified as protectxve
against [ scapularjis in accordance with the following described expenmental
methodology. | | “

Example 1: Construction of an 1. scapularis cDNA
library and screening for protective antigens by ELI

Tick cells .
[0021] Monolayers of IDE8 (ATCC CRL 1973) cells, originally derived from
embryonic I scapularis, were maintained at 31°C in L-15B medium supplemented with

5% foetal bovine serum, tryptose phosphate broth and bovine lipoprotein concentrate

after Munderloh et al. (1994). Cells were.subcultured at 1:5 ~ 1:10 when monolayers

reached a density of approximately 107 cells/T-25 flask. Medium was replaced {;veekiy.

Library construction _»
10022] A cDNA expression library was constructed in the vector pEXP1

containing the strong cytomegalovirus CMVi promoter (Clontech). Because we planned

to target the early larval stages of L scapularis, we chose to construct our hbrary from
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cultured embryonic I scapularis IDES cells-derived poly(A)+ RNA. The ¢cDNA library
contained 4.4 x 106% vinc'lependent clones and a titer of approximately 10" cfu/ml with
more than 93% of the clones with ¢cDNA. inserts. The average ¢cDNA size was 1.7 kb
(0.5-4.0 kb). | ‘
Przmary Screen i
* [0023] The (ﬁverall schema for identification of protective antigens tbxough ELL,
sequential fracuonatxon and sequence analysis is shown in Fig. 1.
[0024] Ninety-six LBA (master) plates containing an average of 41 (30-61)
cDNA clones per pl%te were prepared. Replicas were made and clones from each plate
® were pooled, inocuxaéed in Luria-Bertani with 50 pg/mi ampicillin, grown for 2 hr in a 96
. wells plate and led‘DNA purified from each pool (Wizard SV 96 plasmid DNA
purification system, ffomega, Madison, W1, USA). BALB/c female mice, 5-6 weeks of
age at the time of first vaccination, were used. Mice were cared for in accordance with
' standards set in the Guide for Care and Use of Labor‘&tory Animals. Mice were injected
‘with a 1 ml tuberculin syringe and a 27 gauge needle at days 0 and 14. Three mice per
group were each immunized IM in the thigh with 1 pg DNA/dose in 50 ul PBS. Two
groups of 3 mice each were included as controls. One group was injected w1th 1 pg
6 vector DNA alone and the second with saline only. Two weeks after the iast
@  immunization, mice were infested with 100 L scapularis larvae per mouse. Ticks were ‘
artificially reared at the Oklahoma State University tick rearing facility by feeding larvae
on mice, nymphs on rabbits and adults on sheep and using for infestation in our
experiments the larvae obtained from the eggs oviposited by a single female. Twelve

hours after tick infestation, larvae that did not attach were counted to calcixl_ate the
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number of attached larvae per fhouse and mice were transferred to new cages. Replete
larvae dropping ﬁ-ém each mouse were collected daily and counted during 7 days. The
inhibition of tick inifestation (D) for each test group was calculated with respect to vector-
immunized controls as [1-(<RL>n/<RL>¢ x <RL>ic/<RL>in)] x 100, where <RL>n is
the average numbq of replete larvae recovered per mouse for each test group, <RL>¢ is
the average numbe%— of replete larvae recovered per mouse for control group, <RL>ic is
the average numbé; of larvae attached per mouse for control group, and <RL>in is the

i
|

average number of larvae attached per mouse for each test group.

fo025) Pnolé. of 41 (30-61) L scapularis cDNA clones were screened by ELL
Only 33 ¢DNA po;ols and controls were analyzed per experiment. The average tick
infestation level ws;s 50+13 and 5615 and 5615 and 5418 larvae/mousé for cDNA
immunized and coﬁtrol mice, respectively (P>0.05) (Table 1). The _averagei‘ number of
engorged larvae recovered per mouse was 943 and 1334 in the cDNA-imxmﬁxized mice
and 1634 and 1743 in thé control vector-immunized group (P<0.05) (Table 1). No
reduction was obsetved in the number of larvae collected from mice that received the.
vector DNA compared to saline-immunized controls. The maximum number c}f engorged
larvae was collected 3 to 4 days after infestation. However, in mice immunized with
¢DNA pools BS5, A8 and A10 (Fig. 2) a retardation of larval development in ?1 to 2 days
was recorded. The average inhibition of tick infestation () was 49428% and 30422%
(Table 1). After two experiments covering the analysis of 66 pools (2705 clones), 9
protective pools (351 clones) were selected producing an inhibition of tick infestation
[260% (Fig. 2A and 2B and Table 1). When we started these experiments, we planed to

screen over 4000 cDNA clones considering the complexity of the tick genome. However,

|
!
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to our surprise 9 protective ¢cDNA pools were identified after screening 66 pools

containing 2705 cDNA clones. This result probably reflects the possbiliy of interfering
with tick infestatimil‘s at many different levels that involve a Pleiades of gené products.
Results from vaccination experiments against ticks employing recombinaﬁt antigens
support this view (r%viewed by Mulenga et al., 2000). Because of the complexity of the
screening procedure ]m mice vaccinated and challenged with tick larvae, it was difficult to
work with more thaxi 9 protective cDNA. pools. Therefore we did not continug screening
new cDNA pools aﬁd focu;ed our attention on the 9 pools selected after the primary
— |

Secondary screen ; ‘

[0026] The secondary screen was done to verify the protective capacity of the
¢DNA pools selected aﬁér the primary screen (Fig. 2A and 2B). After the pnmary screen
of 66 cDNA pools (2705 clones), 9 pools with I>60% were selected for the secondary
screen (re-screening) employing 5 mice per group as described above. Engorged larvae
were kept for molting in a 95% l;umidity atmosphere. Molting of engorged larvae was
evaluated by visual examination of tick nymphs under a stereomicroscope 34 days after
last larval collection. The inhibition of molting (M) for each test group was calculated
with respect to vector-immunized controls as [1-(MLn/MLc x RL¢/RLn)] x 100, where
MLn is the number of nymﬁhs for each test group, MLc is the number of nymphs for the
control group, RL¢ is the number of larvae recovered for the control group, and RL1 is the
number of larvae recovered for each test group. Control mice were immunized thh the

negative (I1=0%) F2 cDNA pool or saline only. A group was included immunized SC with

10
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two doses of 100 pg of total IDES tick cell proteins per dose in Freund’s incomplete
‘adjuvant. :

[0027] All 9 protective cDNA pools gave positive results in the secondary screen
(data not shown). The tick infestation levels were higher in this experiment (average
8556 and 8413 l%ivaelmouse for cDNA-immunized and control mice, éespecﬁvely;

P>0.05). Neverthel#ass, the average number of engorged larvae recovered per mouse was

39i7 and 2616 for control and cDNA-immunized mice, respectwely (P<0. 05) The group

immunized with total IDES tick cell proteins was protected with I==33% Again, no

reduction was obsarved in the number of larvae collected from mice that recexved the
control ¢cDNA (F2 :ncgatlve pool after the primary screen; Fig. 2A) compared to saline-
immunized controls |

[0028] In the secondary screen, moltmg of engorged larvae was evaluated after 34
days. Molting was aﬁ‘e_cted in all but one test cDNA-immunized group. Inhibition of
molting in test cDNA-immunized mice compared to the control cDNA—immﬁnized group
varied from 0% to 12% (624%). The inhibition of molting was higher than 50% only in
the larvae collected from mice immunized with cDNA pools BS and A10, WiIiCh showed
a retardation of larval development in 1 to 2 days as in the primary screen. N& differences
were observed bétween control cDNA and saline-immunized mice. Amoné the larvae
that did not molt to nymph, some were visibly damaged and presented a strong red
coloration. The percent of red larvae in cDNA-immunized mice veried betwéen 3% to 18
% (7+5%) while in the saline and control ¢DNA-immunized groups red larvae
represented the 6% and 4%, respectively.

Tertiary screen

| 11
|

i
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[0029] For the tertiary screen, 64 clones were grouped in 16 sub-pools each
containing 1 to 17 plasmids according to the predicted function of encoded proteins (e.g.,
- all the plasmids that encoded histone proteins were grouped together) and used with 4
sub-pools containing 182 clones of unknown function or with sequenées without
homology to sequex{\ce dafabases to immunize 4 mice per group. Mice were “immunized
with 0.3 pg/plasmid(dose in 50 ul PBS and evaluated as described above_.ﬁ(;?mrol mice
were immunized with a pool of 20 plasmids containing mitochondial oDNAs.

[0030] Tick %nfesmﬁon levels were similar in all test groups (7212 larvae/mouse)
and in control mice (6942 larvae/mouse) (P>0.05). The number of engorged larvae
recovered per mouse was also similar between test (16+7) and control (1416) mice
(P>0.05). However, fhe groups immunized with cDNA sub-pools containing clones with -
putative endopeptidase, nucleotidase, ribosomal proteins, heat shock proteins, glutamine-
alanine-rich proteins and 3 of the sub-pools with unknown function or with éequences
without homology to sequence databases had 1215% (Fig. 3). Furthermore, among them,
the. groups immunized with sub-pools containing clones with a putative endopeptidase,
nucleotidase and two of the cDNA sub-pools with unknown function or with sequences
without homology to sequence databases resulted in lower infestation levels mmpwed to
céntrol mice (P<0.05) and I240% (Fig. 3). Clones homologous to chorion proteins,
vitellogenin receptors, and peptidoglycan recognition proteins were selected for they
potential protection capacity in other stages of tick development. ‘
Statistical analysis

[0031] The number of larvae attached per mouse and the number of engorged
larvae recovered per mouse 7 days after infestation were compared by Anaiysis of

12
|
!

|
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Variance (ANOVA) followed by a series of Tukey's post-hoc tests for pair comparisons
between cDNA-immunized and control vector DNA-immunized mice (primary screen),
and by Student’s {',‘t-test between mice immunized with positive cDNA pools and the
control negative F2 ¢DNA pool (secondary screen) or between test cDNA sub-pools-
. immunized and coqtrol mice immunized with mitochondrial cDNAs (tertiary screen)
Example 2: Sequence analysis of protective clones '
[0032] All the 351 ¢DNA clones in the 9 pools that resulted positive in the
secondary screen were sequenced. DNA from individual clones in these pools was
purified (Wizard sV 96 plasmid DNA purification system, Promega) ﬁ'om the master
plate and partially sequenced In most cases a sequence larger than 700 nucleondes was
obtained. Nucieotxde; sequences were analyzed using the program Ahan (Vector NTI
Suite V 5.5, InforMax, North Bethesda, MD, USA). BLAST (Altschul et al., 1990) was’
used to search the NCBI databases to identify previously cloned sequences that may have
'homology to those that we sequenced. Sequence a_nalsisis allowed grm-xping the ciones
according to sequence identity to DNA databases and predicted protein ﬁxn§ﬁon. The
protective clones selected after the tertzary screen were fully sequenced.
[0033] Comparison to sequence databases permitted to identify sequenc:e identity
to previously reported genes with known function in 152 (43%) of the clones (Table 2).
Fifty seven percent of the sequences were homologous to genes with unknown function
or had no significant identity to previously reported sequences (Table 2). Of the cloﬁes
with sequence identity to genes with kﬁown function, 85% were homol(:}gous to
arthropod sequences. Ninety-three clones (61%) contained sequences homol;i»gous to
‘Drasophila melanogaster, 5 (3%) to other insects and 32 (21%) to Ixodid Vtickj_ species.

13
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Thirty percent of the clones were eliminated from further analysis based on their
sequence identity,; including those containing similar sequences (Table 2). The protective
clones included antigens homologous to endopeptidases, nucleotidases, chorion proteins,
. vitellogenin receptors, peptidoglyéan recognition proteins, glutamine-alanine rich
proteins, ribosomal proteins, and heat-shock proteins. |
Summary of result;s

[0034] Th; results obtained with the various protective clones ‘ic'l'e;xtiﬁed in the
Sequence Listing, along with certain selected expressed proteins, are summarized in
Table 4.

[0035] SEQ ID NO:! denotes the clone designated 4E6, wherein the relevant
protein encoding ftagment has been identified as comprising residues i~117, ‘which
encodes the mlMﬁde shown in SEQ ID NO: 2.

[0036) SEQ ID NO:3 denotes the clone designated 4D8, wherein the relevant
protein encoding fragment has been identified as comprising residues 80-575, which
encodes the polypeptide shown in SEQ ID NO: 4.

[0037] SEQ ID NO;5 denotes the clone designated 4F8, wherein the relevant
protein encoding fragment has been identified as comprising residues 1-951, which
encodes the polypeptide shown in SEQ ID NO: 6.

[0038] SEQ ID NO:7 denotes the clone designated 4G11, wherein the relevant
protein encoding fragment has been identified as comprising residues 1-697, which
encodes the polypeptide shown in SEQ ID NO: 8,

14

14
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[0039] SE“.Q ID NO:9 denotes the clone designated 4D6, wherein the relevant
protein encoding;; fragment has been identified as comprising residues 193-1025', which
encodes the poly]Leptade shown in SEQ ID NO: 10.

[0040] SBQ ID NO:11 denotes the clone designated 3E1, wherem the relevant
protein encodmg; fragment has been identified as comprismg residues ‘3-578, which
encodes the polypepttde shown in SEQ ID NO: 12.

[0041) SEQ 1D NO 13 denotes the clone designated 1C10, wherem the relevant
protein encoding fragment has been identified as comprising residues l 1119, which
encodes the polype_ptlde shown in SEQ ID NO: 14.

[0042) SEQ ID NO:15 denotes the clone designated 3E10, wherein the relevant
protein encoding !:fragment has been identiﬁed as comprising residues 5 11-1544, which
encodes the polyp¢pt1de shown in SEQ ID NO: 16.

[0043] SEQ ID NO:17 denotes the clone desxgnated 4F11, wherem the relevant
protein encoding fragment has been identified as comprising residues 31f2295, which
encodes the polypeptide shown in SEQ ID NO: 18. | |

[0044] SEQ ID NO:19 denotes the clone designated 3C12, whe_reizi thé relevant
protein encoding fragment has been identified as comprising residues 6-332, which

encodes the polypeptide shown in SEQ ID NO: 20. ‘

[0045] SEQ ID NO:21 denotes the clone designated 2C12, wherexn the relevant
protein encoding fragment has been identified as comprising residues 3}137, which
encodes the polypeptide shown in SEQ ID NO: 22. |

[0046] SEQ ID NOS: 22, 23 AND 24, denote, respectively, clones 1A9, 1B2 and

4A4, each comprising a partial sequence with no associated polypeptide.

15
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[0047] 1t has now been discovered that certain of the protective antigens exhibit
activity and are expressed across tick species, and in some circumstances acfoss genera,
thus making possibée the use of these common antigens in broad range anﬁ~ﬁck vaccing
formulations. |

ample 3: Extension of 1. scapularis Protective Anti‘gens
To Other Tick Species

Methods
RNA extraction an‘dg reverse transcription (RT)-PCR

[0048] Totéi RNA was extracted from guts and salivary glands dissecied from 30
unfed I scapulari._s‘j females, approxifnately 100 and iOOO I scapularis nympbs and

larvae, respectivelyi the egg mass oviposited by one I scapularis female, salivary glands

1

diss_ectéd from 10 b variabilis males, salivary glands and guts dissected from 20 4.
americanum and R. :sanguir'zeus adults, 10 B. microplus adults and 10 . pacificus females,
rcspe_-ctively and 100-150 I ricinus larvae. Total RNA was extracted from homogenized
tick samples using TRI Reagent (Sigma), except f"orlI. ricinus and B, micz;oplus RNA
which were extracted using the RNA Instapur kit (Eurogentéc-, Seraing, Belgi;um) and the
RNeasy mini kit (Qi_agen, Valencia, CA, USA), respectively, accordmg to the
manufacturer’s instructions. The final RNA pellet was resuspended in 50-160 ul diethyl
pyrocarbonate-treated disﬁﬁed deionized sterile water. RT-PCR rea@tions were
performed using the Access RT-PCR system (Promega, Madison, WI, USA). One ul
RNA was reverse transcribed in a 50 pl reaction mixture (1.5 mM MgSOy, 1 X avian
myeloblastosis virus (AMV) RT/Thermus flavus (Ifl) reaction buffer, 10 mM random
hexamer, 0.2 mM ‘each deoxynucleoside triphosphate (ANTP), 5 U AMV RT, 5u Tf

DNA polymerase (Promega), 10 pmol of each primer) at 48°C for 45 min. After 2 min
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incubation at 94°C, PCR was performed in the same reaction mixture with speéiﬁc
primers and ampliﬁcaﬁon conditions (Table 5). Control reactions were perf&rmed using
the same proceduré's but without RT to control for DNA. contamination in the RNA
preparations and without RNA added to control contamination of the PCR reaction.

Positive control reactxons for the PCR were performed thh plasmid DNA contmmng the

cloned tick cDNAs and with genomic DNA extracted from I scapularis IDES cells. PCR

products were electrophoresed on 1% agarose gels to check the size qf amplified
fragments by comparison to 2 DNA molecular weight marker (1 Kb Plus DNA Ladder,
Promega).
Cloning and sequergcing of D. variabilis, A. americanum and B. microplus 45?8
[0049] Fragi,ments of the D. variabilis, A. americanum and B. mz’:i'roplus 4D8
cDNA were ampliﬁed by RT-PCR and cloned into pGEM-T (Promega). Fojx_xr clones of
each were sequenced at the Core Sequencing Facility, Department of Biochemistry and
Molecular Biology, Noble Research Center, Oklahoma State University.
Vaccination of rabbits and challenge with I, scapularis, D. variabilis and A. americanum
nymphs | .
[0050] An experiment was designed to evaluate the effect of ﬁci; protective
antigens on nymphal stages of I scapularis, D. variabilis and A. americanun;. One New
Zealand White rabbit per group was each immunized with 3 doses (weeks 0, 4 and 7)
containing 50 pg/dose purified 4F8 and 4D8 proteins or 4E6 synthetic pepﬁde derived
from I scapularis, a combination of 4F8+4D8+4E6 or bovine serum albumin (Sigma) as

control in FIA (Sigma), Animals were cared for in accordance with standards specified in

the Guide for Care and Use of Laboratory Animals. Rabbits were injected subcutaneously
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with 500 pl/dose using a 1 ml tuberculin syringe and a 274G needle. Two weeks after the
last immunization, rabbits were infested with 100 / scapularis nymphs per rabbit in one
ear and 110 nyrtipﬁs of each D. variabilis and 4. americanum on the other ear. The
" pumber of nymphs attached was recorded and engorged nymphs dropphag: from each
rabbit’s ear were llected daily and counted during 7 days. D. variabilis and 4.
americanum engorged nymphs were separated under a dissecting light Iixicrosco?e.
Engorged nymphs i;dllected aﬂer completion of the feeding period were cpunted and
weighted. The inhibition of tick nymphal infestation was calculated with respect to the
control group as descﬁbed previously for larval nck infestations (Almazin et al.,, 2003).
. The reduction on tha weight of engorged nymphs was determmed in experimental groups
with respect to the nymphs collected from the control group.
_Resﬁlts

Expression of protective cDNAs |
| [0051] Expression of genes encoding for tick protective antigens was analyzed at
mRNA and protein levels by RT-PCR and immunohistochemistry, respectively.
Expression of 4F8, 4D8 and 4E6 mRNA was detected in all I scapularis developmental
stages and in guts and salivary glands from adult ticks (Table 6). Control reaétions ruled
out contamination with genomic DNA or during the PCR. Furthermore, PCR of tick
genomic DNA showed that the size of the amplified DNA fragments was higher than the
size corresponding to cDNA. fragments, probably due to the presence of intron sequences
in the analyzed genes (Table 6). |

[0052] Sequence conservation and expression of 4F8, 4D8 and 4E6 were

analyzed in I seapularis related species, I pacificus and L ricinus, and in D. variabilis,

18
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R. sanguineus, B. microplus and A. americanum by RT-PCR (Table 6) using ihe primers
derived from I scapularis sequences (Table 5). Expression was detected in £ ricinus for
all three genes and in Z pacificus for 4D8 and 4E6. Expression of 4D8 was also detected
in D. variabilis, B. microplus, R. sanguineus and 4. americanum. |
Seque;zce of D. variabilis, A. americanum and B micraplus 4D8 ‘

[0053] The sequences of D. variabilis, A. americanum and B. mfcraplus 4D8
¢DNAs and their deduced amino acid sequences are provided in SEQ ID NOS: 26-31.
The séquences associated with tick protective antigen 4D8 derived from Rhipicephalus
appendiculatus are provide in SEQ ID NOS: 38-39. |
Protective propemes of tick antigens against I scapularis, D. varmbzl:s and

A. americanum nﬂmphal infestations

[0054] 'I'he detection of 4D8 and 4E6 expression in non-Ixodes tick species were -

the basis for an experiment in wlnch rabbits were immunized with 1 smpu!m'is derived
protectxve antlgens and challenged with I scapularis, D. variabilis and A. americanum
larvae. The results suggested an effect of 4D8 immunization on the inhibition of nymphal
infestations in all three tick species and a notable effect on D.‘ ﬁariab.t‘li_s .nymphs reflected
in the number of visibly damaged ticks and the reduction in the weight of engorged
nymphs (Table 7). Immunization with 4F8 had an effect on I scapuiaris nymphal
infestations only and the effect of 4E6 immunization was reflected on A americanum
infestations and on the weight of D. variabilis engorged n'ymphsﬁ (Table 7). The
synergistic effect of the immunization with all three antigens was observed for 4D8 in 1

scapularis nymphs (Table 7).

% % %k %k
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[0055] Eﬁperiment 3, then, demonstrates the surprising utilit§ of using L
scapularis tick qrotective antigens 4D8, 4F8 and 4E6 in vacciné formulations for the
control of multiple tick species. |

[0056] Thus, the present invention relates fo the identification of these antigens

|

which are protective against a broad range of tick species, gene sequcnce# and encoded

proteins for such antigens, related vaccines and methods useful to induce an immune

response. More generally, the invention concerns the given cDNA sequences and any

nucleotide sequence coding for a' protein which is capable of eliciting an ant_ibody or
other immune response (e.g., T-cell response of the immune system) which recognizes an
epitope(s) of the amino acid sequences depicted in the Sequence Llstmg,mcludmg less
than the full cDNA sequences and mutants thereof. Hence the nucleoﬁdegsequence may
encode a protein which is the entire antigen encoded by the variously identified bases, or
a fragment or derivative of the antigen or a fusion product of the antigen of fragment and

another protein, provided that the protein which is produced from such sequence is

capable of eliciting an antibody or other immune response which mcogmzes an epitope(s)

of the given amino acid sequences.

[0057} As a result, the invention encompasses DNA sequences which encode for
and/or express in appropriate transformed cells, proteins which may be jtl'ne full length
antigen, antigen ﬁfagmem, antigen derivative or a fusion product of such antigen, _antigen
fragment or antigen derivative with another protein. |

[0058] As will be appreciated by those of ordinary skill in the art, a nucleotide
sequence encoding the inventive antigens or variants thereof may differ from the native

sequences presented herein due to codon degeneracies, nucleotide polyinorphisms, or
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nucleotide substitutions, deletions or insertions. While several embodiments of such
molecules are depicted in the Sequence Listing, it should be understood that within the
context of the present invention, ?eference to one or more of these molecules includes
variants that are naturally occurring and/or synthetic sequences which are substantially
similar to the sequences provided herein and, where appropriate, the protein (including
pepﬁdes and polypeptides) that are encoded by these sequences and their variants. As
used herein, the nucleotide sequence is deemed to be "substantially similar" ift (a) the
nucleotide sequence is derived from the coding region of a native gene of the various
noted tick species and encodes a peptide or polypeptide possessing the described
antigeﬁicity (including, for example, portions of the sequence or allelic variations of the
provided sequences); or (b) the nucleotide sequencés are degenerate (i.e., sequences
which encode the same amino acid using a different codon sequence) as a result of the
genetic code to the nucleotide sequences defined in (a); or (c) the nucleotide sequence is
at least 95% identical to a nucleotide sequence provide herein, or (d) is a complement of
any of the sequences desc;ribed in (a-c).

[0059] Proteins included within the present invention have an amino acid
sequence depicted in the Sequence Listing and homologs thereof. Other included proteins
consist of a fragment of said sequence capable of eliciting an antibody or othet; immune
response which recognizes an epitope(s) of the amino acid sequences depicted and a
mutuant of said sequence capable of eliciting an antibody or other immune response
which recognizes an epitope(s) of such amino acid sequences. With respect to homology
to the native sequence, a variant should preferably have at least 95% amino acid sequence

homology. As used herein, amino acid "homology" is determined by a computer
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algorithm incorporated in a protein database search program commonly used in the art,
for example, as incorporated in the programs BLAST (BLAST.TM., a computer
program) (Altschul et al., Nucleic Acids Res. (25) 3389-3402, 1997) or DNA STAR
MEGALIGN (DNA STAR MEGALIGN.TM., a computer program) which return similar
results-in homology calculations.

[0060] The nuclebtide sequences may be inserted into any of a wide variety of

expression vectors by a variety of procedures. Such procedures and others are deemed to

'be known by those skilled in the art. Suitable vectors include chromosomal,

nonchromosomal and synthetic DNA sequences; e.g., derivatives of SV40; bacterial
plasmids; phage DNAs; yeast plasmids; vectors derived from combinations of plasmids
and tpvhagea DNAEs, viral DNA such as baculovirus, vaccinia, adenovirus, fowl pox virus,
pseudorabies, etc. The appropriate DNA sequence must be operativeiy linked in the
vector to an appropriate expression control sequence(s) (promoter) to direct mRNA
synthesis. As representative examples of such promoters, there may be mentioned LTR or
$V40 promoter, the E. coli lac or trp, the phage lambda PL promoter and other promoters
known to control expression of genes in prokaryotic and eukaryotic cells or their viruses.
The expression vector also includes a non-coding sequence for a ribosome binding site
for translation initiation and a transcription terminator. The vector may also include
appropriate sequences for amplifying expression.

[0061] The vector containing the appropriate cDNA sequence as hereinabove
described, as well as an appropriate promoter or control sequence, may be employed to
transform an appropriate host to permit the host to express the protein. Examples of host

organisms and cells include bacterial strains (e.g., E. coli, Pseudomonas, Bacillus,
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Salmonella, etc.), fungi (e.g., yeasts and other fungi), animal or plant hosts (e.g., mouse,
swine or animal and human tissue cells). The selection of the host is deemed to be within
the scope of those skilled in the art.

[0062] It is also understood that the appropriate cDNA sequence present in the
vector when introduced into a host may express part or only a portion of the protein
which is encoded within the noted terminology, it being sufficient that the expressed
protein be capable of eliciting an antibody or other immune response which recognizes an
epitope(s) of the listed amino acid sequences.

[0063] The isolated cDNAs and/or polypeptide expressed by the host transformed

by the vector may be harvested by methods which will occur to those skilled in the art .

‘and used in a vaccine for protection of a mammal, such as dogs, cattle, humans,. etc.,
against infestations of Ixodes and non-Ixodes tick species. Such protective recombinant
proteins and/or modified cDNAs are used in an amount effective to induce an immune
response against such ticks and their associated pathogens and may be used in
combination with a suitable physiologically acceptable carrier. The term "inducing an
immuﬁe response” when used with respect to the vaccine described herein means that the
vaccine prevents disease ass;)ciated with a particular tick species or reduces the severity
of the disease.

[0064] The carrier employed in conjunction with vaccine may be any one of a
wide variety of carriers. As representative examples of suitable carriers, there may be
mentioned mineral oil, synthetic polymers, etc. Carriers for vaccines are well known in

the art and the selection of a suitable carrier is deemed to be within the scope of those
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skilled in the art. The selection of a suitable carrier is also dependent upon the manner in
which the vaccine is to be administered.

[0065] The present invention provides a method of immunizing a susceptible

mammal, against infestations and disease caused by ticks with the vaccine described

above. For purposes of thig invention, the vaccine is administered in an effective amount.
The vabcine may be administered by any of the methods well known to those skilled in
the art, for example, by intramuscular, subcutaneous, intraperitoneal or intravenous
injection. Alternatively, the vaccine may be administered intranasally or orally. It is also
to be understood tilat the vaccine may include active components, such as tick-bome
pathogen components or adjuvants in addition to the antigen(s) or fragments hereinabove
described.

[0066] The host expressing the antigen may itsglf be used to deliver antigen to
non-human animals, by introducing killed or viable host cells that are capable of
propagating in the animal. Direct incorporation of the cDNA sequences into ﬁost cells
may also be used to introduce the sequences into animal célls for expression of antigen in

vivo.
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Table 1. Primary screen of the L scapularis cDNA library by ELI in mice.

Experimental | Number | AveragexSD | AverageiSD | Average+SD | Number of
1 group® of pools | numberof | numberof | inhibitionof |  pools
‘screened larvae engorged tick | selected for
(Number | attached per | larvae per infestation the
of clones) mouse mouse® @® | secondary
Experiment 1 | 33 (1383) | 50413 (33-80) 943 39455% | 6 (I>75%)
e —— 1 (242) | (-183-87%)
Vector DNA- o 5613 (45-67) | 1644 (5-27) - o
~ controls for
experimentl | . | o
Experiment 2 | 33 (1322) | 56+15 (29-79) | 1314 (1-27) 27+28% | 3 (I>60%)
R . 1 (-53-89%) :
Vector DNA- |« 54+18 (36-73) | 17+3 (6-28) - —
controls for
_experiment 2

*Ninety six LBA plates containing an average of 41 cDNA clones per plate were prepared. Replicas were
made and clones from each plate were pooled, inoculated, grown for 2 hr in a 96 wells plate and plasmid
DNA punﬁed from each pool for ELI. Three mice per group were each immunized IM twice with 1 pg
DNA/dose in 50 pl PBS two weeks apart. Two groups of 3 mice each were included as contmls One group
was injected with vector DNA and the second with saline only.

“Fifteen days after the last immunization, mice were infested wuh 100 L scapularis larvae per mouse.
Twelve hrs later, larvae that did not attach were counted to calculate the number of attached larvae per
mobse and mice were transferred to new cages. :

*Engorged larvae dropping from each mouse were collected daily and counted afier 7 days.

%The inhibition of tick infestation (I) for each test group was calculated with respect to vector-immunized
controls as [1-(RLn/RLc x RLic/RLin)] x 100, where RLn is the average number of replete larvae
recovered per mouse for each test group, RLc is the average number of replete larvae recovered per mouse
for control group, RLic is the average number of larvae attached per mouse for control group, and RLin is
the average number of larvae attached per mouse for each test group. ‘
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Table 2. Classification of the clones in protective pools by putative protein function
according to identity to sequence databases.

Putative protein Function Number of clones
Biosynthetic® 2
Catabolism 4
Cell adhesion 2
Cell cycle® 2
Cytoskeletal® 8
Defense 2
DNA structure or replication” 3
Extracellular matrix 3
Endocytosis 2
Energy metabolism 10
Homeostasis 2
g Morphogenetic 9
. Mitochondrial® 34
Protein synthesis or processinga’b 34
RNA synthesis or processing” 7
Heat-shock proteins 4
Signal transduction 16
Transport : ' 8
Unknown 199
Total 351

®Eliminated from further screening of protective antigens. Other clones were eliminated for containing
similar sequences.

®Except for ribosomal proteins.
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Table 3. Grouping of the clones according to the predicted function of encoded proteins
in sub-pools for the tertiary screen.

Sub-pool (No. of clones) Clone Pool”
Ribosomal (17) 1A2, 1A10, 1C11 AS
1F6 D1
2B8 Al0
2F8, 2F10 E8
3A10, 2C3, 3D2, 3D10 B4
3G9, 3G10 E3
4D11, 4D12, 4E7, 4F7 F1
Membrane protein (7) 1D8, 1D11, 1E10 D1
2B12 AlQ
2H5 E8
3C9 B4
3Gl1l E3
ATPase (6) 1A9, 1B2, 1C9 AS
2C9 AlQ
4A4 C3
4G12 F1
Cell channel/Transporter (5) 1F4 D1
2HI11 E8
4A12 C3
4G10,4Gl11 F1
Early development-specific (4) 1C8 AS
3F4 E3
4C7 C3
4G9 Fl
G protein-coupled receptor (4) 2B7,2C12 AlQ
_ 2F12 E8
A 4C9 C3
Growth factor receptor (3) 2E8 BS
3B8, 3C8 B4
Lectin (3) 3E10 E3
4B8, 4C8 C3
Vitellogenin (3) 1F12 D1
4A6 C3
4G2 Fl
Heat shock (3) 1C10 AS
1F10 Dl
_ 3F6 E3
EGF-like (2) 2H4 ES
4C10 C3
Secreted protein (2) 2F9 E8
3C12 B4
Glutamine-Alanine rich (2) 4D6, 4E6 Fl
Adaptin (1) 3El E3
Endopeptidase (1) 4D8 Fi
Nucleotidase (1) 4F8 Fl

*¢DNA pools refer to positive pools after primary and secondary screens (Fig, 2A and 2B).
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Table 4: Summary of results with I scapularis cDNA clones.

<@

cDNA Predicted Protein Inhibition | Inhibition | Efficacy
clone of tick of molting
infestation
, . 1(%) M (%) _E (%)
- 4D8 Endopeptidase 40%/54** T*/8%* 44%/58**
4F8 ~ Nucleotidase 50%/64** | 17*/-9%* 58*/61**
1C10 ___HSP0 A ND _ND
4D6 Glu-Ala-rich 61* 11 66*
4E6 _ Glu-Ala-rich | 20%/46%* 16%*. 55%%
3E1 __ B-adaptin (appendage region) _ 27 ] s 31*
2C12 Beta-amyloid precursor protein = kel ND ND
(APP) . .
4F11 Block of proliferation Bopl -39k . ND ~ ND
3E10 Mannose binding lectin _ -48%/-10*** | I ND ND
4G11 | ~ Chloride channel 3gees ) 57
~3C12 RNA polymerase Il -104*** "ND ND
1A9, 1B2, ~ ATPase S7eE ND ND
4A4

Mice were immunized with cDNA-containing expression plasmid DNA as described above (*) or with 100
ug/dose of recombinant protein expressed in E. coli (**). 1, M and E were calculated as described above,
ND, not determined.

*#*Resulted in a pro-feeding activity. This effect could be due to the expression of cDNAs encoding for
tick immunosuppressants, anticoagulants and other proteins with low antigenicity and a pro-feeding
activity. Alternatively, they could encode for proteins homologous to host proteins with anti-tick activity,
which neutralization results in a tick pro-feeding activity.

33

i
|

" Copy provided by USPTO from the IFW Image Database o 1572572005




Table 5. RT-PCR conditions for the characterization of expression prbﬁles of tick

protective cDNAs.
¢DNA RT-PCR primers (5’-3") PCR Size of Size of
conditions® cDN% | DNA
| - - band band®
4F8 | 4FBR5: GCGTCGTGTGGAGCATCAGCGAC | 04°C,30sec| 972bp | >1,600 bp
{SEQ ID NO: 32) 61°C. 30 sec .
4F8-R: TCGCAACGGACAACGGCAGGTTG 68°C, 2 min
: {SEQ ID NO: 33) s &7
"AD8® | 4D8R5: GCTTGCGCAACATTAAAGCGAAC | 94°C,30sec| 577bp | >1,600 bp
(SEQ ID.NO: 34) _ 56°C. 30 sec
4D8-R: TGCTTGTTTGCAGATGCCCATCA 68°C’ 1 min
____(SEQ ID NO: 35) ’ _
4F6 4E6R5: GAAATATCTGTGAAACCAAGGCC | 94°C,30sec | 138 bp ~1,600 bp
(SEQ 1? NO: 36) 520C 30330
4E6U-R: ATTGCACAACACATCATTAACTG 68°C’ 1 min
(SEQ ID NO: 37) > _

SpCR conditions are indicated for denaturing, annealing and polymerization steps, respectively.

bCalculated from the sequence of the cDNA insert.

*Bstimated from the PCR of IDES genomic DNA.

Table 6. Expression _proﬁie of mRNAs encoding for protective antigens in ticks.

'Lsmpulqris l.pacfﬁm' L ricinus A americamm | D. variabilts | R sanguineus &mwm
T]el 1| n|g] salivay :
RNA ipialalylel e
source (E{lgirim|1t 1
8is]lv|p]|s a
alh n
el s d
Clone . mRNA expression
4F8 HAH+|+]|+H + - + - - ~ -
4D8 | HH+{+[+ + | + + + + +
4E6 H4[+ |+ + + + + - - -

Expression of mRNAs encoding for tick protective antigens 4F8, 4D8 and 4E6 was analyzed by RT-PCR in
different tick species using the primers derived from /. scapularis sequences.
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Table 7. Results of vaccination with recombinant tick protective antigens on [

scapularis, D. variabilis and A. americanum nymphs.

Tick species Inhibitibn of tick nymphal | Reduction in the weight of
infestation (%)a engorged nymphs (%)b
4D8 4F8 4E6 All | 4D8 | 4F8 | 4E6 All
L scapularis 35 39 0 63 0 0 0 0
D. variabilis 22 0 5 8 32 0 27 0
A. americanum 17 9 36 12 3 1 |1 0 16

*Petermined with respect to the number of engorged nymphs recovered from the control group as described
above for tick larval infestations.

®Average weight per engorged nymph with respect to the weight of nymphs collected from the confrol

group.
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[0067] In view of the above, it will be seen that the several objectives of the
invention are achieved and other advantageous results attained. As various changes could
be made in the above DNA molecules, proteins, etc. without departing from the scope of
the invention, it is intended that all matter c;)ntained in the above description or shown in
the accompanying drawings shall be interpreted as illustrative and notin a limiﬁng sense.
While the invention has been described with a certain degree of particularity, it is

understood that the invention is not limited to the embodiment(s) set for herein for

purposes of exemplification, but is to be limited only by the scope of the attached claim

or claims, including the full range of equivalency to which each element thereof is

entitled.
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WHAT IS CLAIMED IS:
An isolated polypeptide selected from the group consisting of tick derived

1.

polypeptides designated 4D8, 4F8 and 4E6.
A multi species anti-tick vaccine composition comprising the polypeptide

2.

of claim 1 and a pharmaceutically acceptable carrier or diluent.
The isolated polypeptide of claim 1, wherein the polypeptide comprises

3.
the tick derived polypeptide 4D8.
An isolated polype;ptide comprising the amino acid sequence of at least

4,
one of SEQ ID NO:4, SEQ ID NO:27, SEQ ID NO:29, SEQ ID NO: 31, or SEQ ID

NO:39.
5.

of claim 4 and a pharmaceutically acceptable carrier or diluent.

A multi species anti-tick vaccine composition comprising the polypeptide
The polypeptide of claim 4, wherein the polypeptide comprises the amino

6.
acid sequence of SEQ ID NO:4.
The polypeptide of claim 4, wherein the polypeptide comprises the amino

7.
acid sequence of SEQ ID NO:27.
The polypeptide of claim 4, wherein the polypeptide comprises the amino

o g
acid sequence of SEQ ID NO:29.
The polypeptide of claim 4, wherein the polypeptide comprises the amino

9.
acid sequence of SEQ ID NO:31.
The polypeptide of claim 4, wherein the polypeptide comprises the amino

10.
acid sequence of SEQ ID NO:39.
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11.  Anisolated polypeptide comprising an amino acid sequence that is at least
95% homologous to at least one of SEQ ID NO:4, SEQ ID NO:27, SEQ ID NO:29, SEQ
ID NO: 31, or SEQ ID NO:39. |

12.  An isolated ¢cDNA molecule which encodes a tick derived antigenic
polypeptide, said molecule having a nucleotide sequence that is at least 95% homologous
to at least residues 1-117 of SEQ ID NO: 1.

13.  Anexpression vector comprising the isolated cDNA molecule of claim 12.

'14.  An isolawd cell transformed by the expression vector of claim 13.'

15. A multi species anti-tick vaccine comprising an effective immunizing
amount of an immunogen selected from the group consisting of (i) the isolated cDNA
molecule of claim 12, (ii) the polypeptide encoded by the isolated cDNA molecule of
claim 12, and (jii) a combination of the isolated cDNA molecule of claim 12 and the
encoded polypeptide, and further comprising a pharmaceutically acceptable carrier or
diluent. |

16. A method of inducing an immune response in a mammal against multi
species tick infestation and their associated pathogens, comprising administering to the
mammal the vaccine of clain; 15.

17.  The polypeptide encoded by the isolated cDNA molecule of clalm 12,

18.  An isolated ¢cDNA molecule which encodes a tick derived antigenic
polypeptide, said molecule having a nucleotide sequence that is at least 95% homologous
to at least residues 80-575 of SEQ ID NO: 3.

19.  Anexpression vector comprising the isolated cDNA molecule of claim 18.

20.  Anisolated cell transformed by the expression vector of claim 19.
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21. A multi species anti-tick vaccine comprising an effective immunizing
amount of an immunogen selected from the group consisting of (i) the isolated cDNA
molecule of claim 18, (ii) the polypeptide encoded by' the isolated ¢cDNA molecule of
claim 18, and (iii) a combhﬁﬁon of the isolated cDNA molecule of claim 18 and the
encoded polypeptide, and further comprising a pharmaceutically acceptable carrier or
diluenf.

22. A method of inducing an immune response in a mammal against multi
species tick infestation and their associated pﬁthogens, comprising administering to the
mammal the vaccine of claim 21. _ |

23.  The polypeptide encoded by the isolated cDNA molecule of claim 18.

24. An isolated cDNA molecule which encodes a tick derived antigenic
polypeptide, said molecule having a nucleotide éequence that is at least 95% homologous
to at least residues 10-951 of SEQ ID NO: 5.

25.  Anexpression vector comprising the isolated ¢DNA molecule of claim 24.

26.  Anisolated cell transformed by the expression vector of claim 25.

27. A multi species anti-tick vaccine comprising an effective immunizing
amount of an immunogen selected from the group cénsisﬁng of (i) the isolated cDNA
molecule of claim 24, (ii) the polypeptide encoded by the isolated cDNA molecule of
claim 24, and (iii) a combination of the isolated cDNA molecule of claim 24 and the
encoded polypeptide, and further comprising a pharmaceutically acceptable carrier or

diluent.
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28. A method of inducing an immune response in a2 mammal against multi
species tick infestation and their a;sociated pathogens, comprising admiﬁistering to the
mammal the vaccine of claim 27. |

29.  The polypeptide encoded by the isolated cDNA molecule of claim 24,

.30.  An isolated ¢cDNA molecule which encodes a tick derived antigenic
polypeptide, said. molecule having a nucleotide sequence that is at least 95% homologous-
to SEQ ID NO: 26.

31.  Anexpression vector comprising the isolated cONA molecule of claim 30.

32.  Anisolated cell transformed by the expression vector of claim 31.

33. A multi species anti-tick vaccine comprising an effecﬁ;'e immunizing
amount of an immunogen selected from the group consisting of (i) the isolated cDNA
molecule of claim 30, (ii) the polypeptide encoded by the isolated cDﬁA molecule of
. claim 30, and (iii) a combination of the isolated ¢cDNA molecule of claim 30 and the
encoded polypeptide, and further comprising a pharmaceutically acceptable carrier or |
diluent.

34, A method of inducing an immune response in a mammal against multi
species tick infestation and their associated pathogéns, comprising administering to the
mammal the vaccine of claim 33. |

35.  The polypeptide encoded by the isolated cDNA molecule of claim 30.

36. An isolated ¢cDNA molecule which encodes a tick derived antigenic
polypeptide, said molecule having a nucleotide sequence that is at least 95% homologous
to SEQ ID NO: 28. |

37.  Anexpression vecior comprising the isolated cDNA molecule of claim 36.
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38.  Anisolated cell t:ansfonned by the expression vector of ¢laim 37.

39. A multi species anti-tick vaccine comprising an effective immunizing
amount of an immunogen selected from the group consisting of (i) the igo!ated cDNA
molecule of cl‘aixﬁ 36, (ii) the polypeptide encoded by the isolated cDNA molecule of
claim 36, and (jii) a combination of the isolated cDNA molecule of claim 36 and the

-encoded polypepti&e, and further comprising a phatméceuﬁcally acceptable carrier or

diluent.
40. A method of inducing an immune response in a mammal against multi

species tick infestation and their associated pathogens, comprising administefing‘ to the

 mammal the vaccine of claim 39.

41.  The polypeptide encoded by the isolated cDNA molecule of claim 36.

42.  An isolated ¢cDNA molecule which encodes a tick derived antigenic
polypeptide, said molecule having a nucleotide sequence that is at least 95% hoﬁiologous
to SEQ ID NO: 30. |

43.  Anexpression vector comprising the isolated cDNA molecule of cléim 42,

44.  Anisolated cell transformed by the expression vector of claim 43.

45. A muld spe&ies‘ anti-tick vaccine comprising an effective mxmumzmg

amount of an immunogen selected from the group consisting of (i) the isolated cDNA

* molecule of claim 42, (ii) the polypeptide encoded by the isolated cDNA molecule of

claim 42, and (iii) a combination of the isolated ¢cDNA molecule of claim 42 and the
encoded polypeptide, and further comprising a pharmaceutically acceptable carrier or

diluent.
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46. A method of inducing an immune response in a mammal against multi
species tick infestation and their associated pathogens, comprising administering to the
mammal the vaccine of claim 45.

47. The polypepﬁde encoded by the isolated cDNA molecule of claim 42,

48.  An isolated ¢cDNA molecule which encodes a tick derived antigenic
polypeintide, said molecule having a nucleotide sequence that is at least 95% homoiogous
to SEQ ID NO: 38.

49, An expression vector comprising the isolated cDNA molecule of claim 48.

50.  Anisolated cell transformed by the expression vector of claim 49.

51. A multi species anti-tick vaccine comprising an effective immunizing

amount of an immunogen selected from the group consisting of (i) the isolated cDNA

molecule of claim 48, (ii) the polypeptide encoded by the isolated cDNA molecule of
claim 48, and (iii) a combination of the isolated cDNA molecule of claim 48 and the
encoded polypeptide, and further comprising a pharmaceutically acceptable carrier or
diluent. |

.52. A method of inducing an immune response in a mammal against multi
species tick infestation and their associated pathogené, comprising aMstemg to the
mammal the vaccine of claim 51. |

53.  The polypeptide encoded by the isolated cDNA molecule of claim 48,
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FuenteCIP.ST25
SEQUENCE LISTING

<110> De La Fuente, Jose de Jesus
Kocan, Katherine M.
Garcia~-Almazan, Consuelo
Blowin, Edwin F

<120> Protective Antigens and vaccines for the Control of Multi Species

Tick Infestations
<130> 04-597

<150> 10/425 563
<151> 2003-04-29

<150> 60/376,251
<151> 2002-04-29

<160> 37
<170> PatentIn version 3.2
<210> 1

@i 340
<212> DNA .
<213> Ixodes scapularis

<400> 1
atggaaatat ctgtgaaacc aaggcccaca aaaaggaaaa gaaaggecat catcatcatg

gcaagaatga gaacagcatt ccccaccaga agtgggaaca gcttctcaag gacttgaaca
gttaatgatg tgttgtgcaa ttcgaatgtg gctgcaacct cgctagagaa catagtegac
cagctgtagt gctctagtat taaccaagaa geagtattct gccgtcatat gtacaggcag
atttgttacg gcattttcag ctttttttta tacaaaatgt agttcttgtt taaaaaaaac
ctaaaataaa acaaagccac aaaaaaaaaa aaaaaaaaaa aadaaaaaa

Sib %

<212> PRT
<213> Ixodes scapularis

@ 00> 2

Met Glu I1e Ser val Lys Pro Arg Pro Thr Lys Arg Lys Arg Lys Ala

1 5 Y 9 10 Y g g 1%

Ile Ile Ile Met Ala Arg Met Arg Thr Ala Phe Pro Thr Arg Ser Gly
20 25 30

Asn Ser gge Ser Arg Thr

210> 3
<211> 2693
<212> DNA
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y «213>

cccatctgac
ctrrrtcctt
actcccaaaa
trrrtttgtt
tggaacacct
tttttttite
tgctatggea
gaggatagto
cataagcgtg
¢caattggtt
tcaaatgcaa
@:2z2aactget
agatggtgtg
caggtgetge
gtgttgggga
tttttgecat
ttatgaaaga
tacatagecet
agtttacaat
aataaaggca
<210>

«211>
<212

4
184
PRT

<400> 4

aaccgectgt
tttrtrttct
catcaagtge
tcgagatagg
gcaacagcga

ttttttgtag.

ttgtctgety
aagtggtatt
gctttgagty
tattggggac
cgettetgty
cacgtaaact
tgcaagtgct
tgttagtage
gtatgttagt
tgcattaata
tattaagcga
gtggtetget
ctttttggea
cteteteagt

gtacataggc
cataagtaat
tctggtggte
aatggcttea
attaactggt
ttttgcagta
ctatgcttat
gcagggttag
tegtetgage
tgcttttggy
ttgatcgeag
gtatgttgat
tggcacactg
aaactrictg
tratctrttc

‘tggatcetge

gtttattgac
ttgttatgtt
tgacttgttt
acctaaaaaa

Ixodes scapularis

FuentecIP.ST25
caacgcaagt cttcagcatg
tttgaaggag agaatatttt
ggaattctac aagtgcgaaa
ggttgtgctg cctatgettt
gtaggcetgt gacacttgea
ataaaaactt gttatggaaa
tggaatgcat gcctgatgtg
aaaggagctt anaatgectt
ttgtcaatca cagtgcaaca
tgcagagttt gactaatttt
ttcatcaact cgtcgatcat
atcacagttg cactgaggaa
cgtattttcc agcataaage
ccattgetge cacaattcat
aaaactgatt tgaagtacca
attgtttacg gaaaaaagtg
ttttccagga gaatttagac
gacttggttt ttgtggaaat
gcattgccat tgtaatttgg
aaaaaaaaaa aaaaaaaaaa

gcacectert
gatttctaag
gttcetttet
ggccacactt
cagccgtﬁtt
gagtgcatta
tgttgtgett
ctggettttg
tgcactttgt
tagtaaﬁgct
tatgcafgtg
geetggetta
tggtagtgta
gcatgaatga
gtgtcctata
ataacattaa
caggaggcac
tagttctaaa
ccattattag
aaa |

%et Ala Cys Ala ghr Leu Lys Arg Thr 235 AsSp Trp Asp Pro igu His

Ser Pro Asn g&y Arg ser Pro Lys ggg Arg Arg Cys Met ggo Leu sér

val Thr ggn Ala Ala Thr pro 550 Thr Arg Ala His g}n Ile Ash Pro

ser ggo phe Gly Glu val ggo Pro Lys Leu Thr ggr Glu Glu Ile Ala

Page 3

AX e

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
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Ala Asn Ile
65

Cys Phe Ser
Ala Ala Asp

ser
115

Leu Leu

val Gly Leu
130

Arg Asp Glu

14

Asp Thr phe

Gly Ala Thr

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

5
1821
DNA

<220
<221>
<222>
<223>

<220>
<221>»
222>
<223>

<220>
«<221>
<222>
<223>

<220>
«221>
<222
<223>

<220>
<221>
<222>

Arg Glu

Pro
&5

ser
Gly
val
Ile Cys
Tyr Asp

val

Pro
180

misc_feature
(1487)..(1487)
nisa, c,g,ort

misc_feature
(1595)..(1595)
nisa, ¢, g, ort

misc_feature
(1606) . . (1606)
nisa, ¢, g,ort

misc_feature
(1623)..(1623)
nisa, c,g,ort

misc_feature
(1762)..(1762)

FuenteCIP.5T25

Glu Met Arg Arg Leu Gln Arg Arg Lys GIn Leu
70 9 Arg 75 g Arg by 80

Leu Glu ser Gly ggr Pro Ser Ala Thr sgo Pro

Pro Ala Ser Pro Thr Gly Leu Ser Pro Gly Gly
105 110

Arg Arg Asp GIn Pro Leu Phe Thr Phe Arg Gln
120 125

Glu Arg Met Met Lys Glu Arg Glu Ser GIn Ile
13 14

His val Leu Ser Ala Lys Leu Ala

Glu GIn Tyr
150 155 160

Phe Thr Tyr Asp Gln Ile GIn Lys Arg Phe Glu
170 175

Tyr Leu Ser

Ixodes scapularis
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‘ a@ iz

gcaagcagat gccaatgctt ctgttcattg agtggcaaaa ggcattgetc tttgtcacat 1740

FuenteCIP,ST25

tgcatgcatt tatgacagcc cnccttaata aactataatg cagctaatnt gaaaaaaaaa 1800
aaaaaaaaaa aaaaaaaaaa a 1821
<210> 6

<211> 316

<212> PRT .

<213> 1Ixodes scapularis

<400> 6

Met Ala Ser Cys Gly Ala Ser Ala Thr Gly Pro Leu val Leu Arg val
1 S 10 15

Ile Ser Asn ;gr val Lys Ile val égn ser Ala Gly Lys gge Ile Lys

.Asp Ile r;gt Asn Ser Gly Asn hgu Gly 1le val Glu kysfs Glu Gly Ile

Asn ?Sp Leu GIn Thr Glu gga ASp Arg Ser val ggn Arg Cys 1le val

Thr Ser Leu Ser Arg Gln Phe Pro Lys Leu Thr Ile Ile Gly Glu Glu
65 70 75 80

Thr Leu Glu Glu kgs Lys Ile Ser Asp ggp Trp Ile Ile Thr ggu His

Asp Lys Asp val Leu Ala Thr Ser Leu Pro Asp Asn Leu Lys Asn Ile
100 105 110

Lys Glu Glu Asp Leu val val Trp val Asp Pro teu Asp Gly Thr Lys
y 115 P 128 P g y Y

- Glu Tgr Thr GIn Gly Phe Leu Asp His val Thr Ile teu val Gly Ile
130 135 140

Ala val Asp Gly Lys Ala val Gly Gly val Ile His Gln Pro Tyr Tyr
145 P ol 150 Y 155 160

Asn Tyr GIn val Glu Lys Asp val Tyr Lys GIn Gly Arg Thr Met Trp
R4 165 Y 1¥0 175

Gly Ile val Gly val Gly Ala phe G1§ Ile sSer Arg Ile Ala Pro Pro
180 18 190

Page 6
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Glu Asn Lys Arg Ile
195
Ile Asn Ser Cys Ile
210
Gly Gly Ala Gly His
228 Y
Ala Tyr val phe Pro
R 245
Pro Glu Ala Ile Leu
260
Gly Asn Arg Leu Glu
Y Ash o7
.G'ly val Leu Ala Thr
290

His ITe Pro Glu Asp
305

Ile Thr

Glu Ala
215

545

ser Lys
His Ala
Tyr His
Cys Leu

295

val Ar
310 g

FuenteCIP.ST25
Thr Thr Arg Ser His Ser Ser Pro Thr
200 205

Met Asn Pro
Leu Leu Leu
Gly Cys Egg
Thr ggg Gly
sgg Asp val
Lys Glu GlIn

Lys Thr Leu

Asp
Ile
235
Lys
Leu
Glu
His

Pro
315

Glu val Leu Arg val

220

Glu Gly Lys Ala His
Y 240

Trp Asp Thr c§s Ala

255

Leu Thr Asp val His
270

His val Asn Ala Gly

285
Glu Trp Phe Lys Asn
300

Leu

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

7
697
DNA

<220>
221>
<222>
<223>

<400> 7
gacctcaagy

. gcctccaacg

atgttcgaca
tacgtcatgt
ccctatgect
cgcggetace
ggggcgggec
aacatcttct
ctgtcggetg
ctctrcagec

misc_feature
(573)..(573)
nisa,c, g, ort

aaggcatctg
ataccttctt
gcggcatgga
ggagtgtget
gtggatctgg
tgggcaagtyg
tcagcctggy
cctaccictt
ccgeegecge
tcgaagaggt

Ixodes scapularis

ccecgeaggec
taagggggac

caaggacggg
cttcgecace

aatcccggag
gacgctgace
Caaagaggygg
ccccaagtac
gggagtttct
gagctactac

ttctggetea
gactgcaagc
gcaggettit
ctggccgtea
atcaagacga
atcaaatcag
ceecctggtyc
ggcaagaatg
gtggcctttg

ttncccttga
Page

acaaggagca
agtggtatcg
acctgctcte
tgctegtteg
ttctgageyg
tgtgtctggt
acgtggcetg
aggccaagaa
gggctcecat

ggaCQCtgtg

gtgttgctgg
gtggcccgag
ctacctgetg
caccttcgeg
cttcatcatc
getggeegtce
ctgcatcgag
gagggagatc
cggcggtgtt
gegttoette

60
120
180
240
300
360
420
480
540

600

Copy provided by USPTO from the IFW Image Database on 12/29/2005



@}/W‘»

ttctgeygcee tggtggeage cteggtgetg cgctccatca accCctttgg caacgaccac 660

FuenteCIP.ST25

ctggtgatgt tctacgtcga gtacgacttt ccctggc 697

<210> 8

<211> 232

<212>  PRT .
<213> Ixodes scapularis

<220>

<221> misc_feature

<222> (191)..(191) .

<223> Xaa can be any naturally occurring amino acid
<400> 8

?sp Leu Lys Glu g]y Ile Cys Pro GIn g&a Phe Trp Leu Asn Lys Glu
.GTn Cys Cys ;(r"p Ala Ser Asn Asp EI;r phe phe Lys Gly g.‘s)p ASp Cys

Lys GIn ggp Tyr Arg Trp Pro fgu Met Phe Asp Ser g}y Met Asp Lys

Asp gAy Ala Gly Phe Tyr %gu Leu Ser Tyr Leu ggu Tyr val Met Trp

ser val Leu Phe Ala Thr Leu Ala val Met Leu val Arg Thr pPhe Ala
65 70 75 80

Pro Tyr Ala Cys Gly Ser Gly Ile Pro Glu Ile Lys Thr Ile Leu Ser
Y d 85y y 90 Y 95

Gly Phe 1le Ile Arg Gl r Leu Gly Lys Trp Thr Leu Thr Ile Lys
100 9 ely Ty 105 Y P 110 y

Ser val Cys Leu Val Leu Ala val Gly Ala Gly Leu Ser Leu Gly Lys
120 125

Glu Gly Pro Leu val His val Ala Cys Cys Ile Gly Asn Ile Phe Ser
135 140

Tyr Leu Phe Pro Lys :Tlgs Gly Lys Asn Glu ﬂg Lys Lys Arg Glu ﬂg

Lteu Ser Ala Ala Ala Ala Ala Gly val Ser val Ala Phe Gly Ala Pro
165 170 175
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]
FuenteCIP.ST25

agcctcgagt gctacaagac gaacatgetg cagatgtgcg tctgageggg cagetagget 1140
tccgggetac agctgetect tgtgtatatg tatataaagt cgagaatgct gaaaaaaaaa 1200
aaaaaaaaaa aaaaaaaaaa a 1221

<210> 10

<211> 275

<212 PRT

<213> 1Ixodes scapularis

<400> 10

Met Met Pro Lys Lys Lys Glu Ser val Ala Ser ser Lys Glu Asp Ala
1 5 10 15
Pro Ile Asp \zlg'l Ile Gly Leu Pro ggr His Lys Arg His Lys Lys His

.Lys His ligsrs Lys His Lys Arg %s Arg Gly Thr Asp 2}" Asp Glu Asp

Gln ggr Pro Ala Ala Ser ggo Gln Ser Gly Gly ggu Gly Ser Ser Ser

Lys Pro Ala Leu Lys Leu Lys Ile Lys Ile Gly Gly Gln Thr val Glu
6¥ 70 Y y 75y y 80

Lys Asn val Thr ggs teu Lys GlIn GlIn 339 Pro Pro Pro Pro ggp Pro

ser Glu Ala Asp Leu Ala Glu teu Leu Met Lys Pro Asn Ser Gly Asp
100 105 110

Thr ser Ala Asp Ser Asp Asp Glu Glu Glu Ala Trp Leu Glu Ala Leu
115 120 125

Glu Ser Gly Arg Leu Glu Glu val Asp Asp Glu Leu Arg Lys Met Lys
130 y AT9 135 P Asp 140 i y

Asp Pro Thr Leu Met Thr Ala Arg Gln Arg Ala Leu Leu Glu Ser Lys
145 150 155

Ser GIn Lys Asp Glu val Pro Ala Thr 615 Met Ala Gly val Arg Gly
165 17 17

Ala Arg GIn Arg Asp val Arg Gly Asp Asp Ser Ala Ala Asp Ala Ala
9 188 P 185 190

Page 10
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_ _ FuenteCIP.ST25 _
aly GIn Lgs Ala Glu Ala Ala G1g Arg Arg Glu Glu Arg Glu Gly Glu
195 20 205

Glu Ala Asp Asp Arg Ala Ser Ala GIn Glu val
210 215

G1¥ GIn Gin
22

Gly GIn His

Glu val 615 GIn Glu Glu Arg T;r
23 235

Ala G1¥ Arg His Ala Ala Leu val
24 ' 250

val Pro Ala val Gly Ser Arg Gly Pro Gly val
260 y 95y 265 y

val Arg His
275

1I'«:Zl():v 11

<211> 1942
«212> DNA
<213» 1Ixod

<400> 11
cgatgcaggce

cagctcagee
tgcagctggg
ccatcaagaa
gcacggagga
cccaaaacga
agaagctgca
tgctgtacca
. agcceggeaa.
gtgtacaaca
cteccaccec
cggegtgeta
cagagtgceg
asaaagaaaa
ctcgtagtea
tgaaaatggt
tgacaaggat

es scapularis

gatgacgggc tttgcggtge agttcaacaa
getgecagttg cagattccce tgcageecaa
aaccaacggt cccgtgcaga agatggacce
caatgtggac grgttctact tcagctgect
cggcctgaty gacaageggg tgttcotgge
ggtccagtac accctcgaca acgtcaacct
gaacaacaac attttcacga tagccaagag
gtctctgaag ctcaccaacg gcatttgggt
tccaaggatc acgttgtctt tgaagacaag
aacttacgaa ctcattctac acagctgagg
cttettttga tggcagtcaa tgtctcgtrt
cggaacaagg tcctacattc ccaagttata
ctgagccege gacagecttg tttetgagga
agtgaaaacg gaaaaatgaa aaatttteca
gtctgtggce gttgagtttg-gtgtaaagaa
tgettrttat tggtatccce tatcacaccg
tctectttag ttgtattatg gtggctggag

Page

Arg Leu Glu Ala Glu
22

ser Gln Gly val Ala

240

ser Arg Arg Arg Cys

g Arg 25? Y

Pro Arg Glu As As:
9 270 P AsP

aaacagtttc gggctgacte
cttcecaget gatgegaget
cctcaccaac crtcaggtog
ggtgcceatg cacgtgctga
cacctggaaa gacatccccg
cactgcagac caagtttecc
gaacgtggac ggccaggaca
gttggcggag ctcaagatac
agcacctgaa gtggcagcag
ctgctgtgaa tgaaactctt
cattttcttg ttttettttg
£ggEgTgte gegtagegag
gagcegaacy caccacttcg
gttgettcaa attaacattc
gaaaaaggtg tetettttag
agcacgaaca taagaaatcc

ffcacgaggc acctgttgec

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020

Topy provided by USPTO from the IEW Image Database on 12/29/2006



aattcgacce
tececcecca
cgttattctt |
caacttatgt
tgaaactctg
tatttaaaca
agcectgece
actacattge
tgtcaacaga
tactaaaaga
tgcatgtagt
.tactgtagtg
tatcctttga
gceetccaaa
tgttatgtgt
aaaaaaaaaa
i
3%
<400>

12
191
PRT

12

agcaaatgec
ceccecaact
tttttcttea
gcataattga
ctecegeeget
aaactgcata
tttegytgty
atgaacggga
ttagaaccat
ctacgaaaag
tgagcgtaat
tccattaaag
gtaggagagce
acatgcacat
agaaaaagaa
aaaaaaaaaa

Caattctcéa
ttgtcgttgg
Trettettt
ttitcacagy
gctagtgtca
gcttaggugg
tgtacaagca
gaagtttagt
tttttggaac
tgttgacttt
ggtatcaccc
agcgagagtt
ggcacttrtt
tttaagtgty
ctcttaatta
aa

Ixodes scapularis

FuenteCIP.ST25

gatttgagtt
attgtctaac
ttgttgtcac
ctgcgacgea
tcacgggacy
cagtctgtge
tctetgtgta
tgtttttttg
ggctggaaag
ttgcatcggt
ctcgtaaaca
tggttaaagg
gcaaatageg
aattgttgeg
aaatatttgt

get GIn Ala Met ghr Gly phe Ala val g%n Phe

Gly Leu Thr 52*80 Ala Gln Pro Leu g}n Leu GIn

Asn Phe ggo Ala Asp Ala Ser hgu GIn Leu Gly

Gln gzs Met Asp Pro Leu ;?r Asn Leu GIn val

val Asp val Phe Tyr phe Ser Cys Leu val Pro
65 P 70 75

Thr Glu Asp Gly kgu Met Asp Lys Arg 331 Phe
Page 12

cattgaggtt
agtgtaaatg
gcgeeecgyg
gtctgtaaaa
accatcgegt
aaagtggaac
acatgaacta
ttrrtttttt
ataaccgcetc
ttggcaacgt
ataacagtgc
ttgttaattg
ctgctgggag
gcggettgta
ggccaaaacg

gttttgctec

ggcgacgact

ggacgcgaca
gaaggggaag
tttetetgac
aaacaaa?tg
ctttacatga
caggtgacta
attttgtttc
ttgtttégta
aatggagcag
aggtccgtgt
cgtcatatct
caagtatgtg
tcaaaaaaaa

ASn Lys Asnh igr Phe

ﬂerlmean
30 ;

Thr Asn Gly Pro val
45 ‘

Ala Ile Lys Asn Asn
60 !

Met His val Leu Ser
80

Leu Ala Thr Tr L;s
o5 7

‘)(\ﬁ” \bo

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1942

Copy provided by USPTO from the IFW Image Database onh 12/20/2005



FuenteCIP.ST25

Asp Ile Pro

Leu Thr Ala Asp GIn val Ser GIn Lys Leu GIn
115 ~ 120

Thr Ile Ala Lys Arg Asn val Asp Gly Gln As
130 Y 9 135 b &l P

Ala

Leu Lys Leu
155

Thr Asn Gly Ile Trp val Leu
145 150

Pro Gly Asn Pro Arg Ile Thr Leu Ser i;g Lys

165

val Ala Ala Leu

Ala GIn Asn Glu val Gln Tyr Thr Leu Asp Asn val

100 105 110

Asn Asn Asn Ile
125

Met Leu Tyr Gln

140

Glu Leu Lys Ile

Thr Arg Ala Pro
175

Asn

Phe

ser

GIn

160

Glu

1

w?{;%

Vi

o4
&/

Gly val Gin GIn Thr Tyr Glu Ile Leu His Ser
180 185 190

<210> 13
<211>
<212>
<213>

DNA

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

<400> 13
cgegeeotge

caccaggeca
actcgtgeta

cagaaggtac

. ggaggttcca

gaacccacecc
ggagtccteg
accctcggea
atccccacga
atccaggtct
gacctgactg
attgacgtca
aagatcacca

1428

misc_feature
(7Q1)..(701)
nisa, ¢, g, ort

agaagctgcg
ggatcgagat
agtttgagga
tcgaggatgg
ccaggatcce
gtggcatcaa
gcggagagga
tcgagacagt
agaagtctca
ttgagggaga
gcatccceace
acggtatcct
tcaacaatga

Ixodes scapularis

tcgggaggtt
tgaatcgttc
gctgaacatg
tgacctcaag
caaggttcaa
ccccgacgaa
agacactggg
gggaggegtc
gatcettetec
gcgtecectg
tgctcctcga
gcgggtcagt
ccagaacagg

gagaaggcaa
ttcgagggag
gaccttttcc
aagactgatg
cagctggtca
gcagtcgect
gacctcgtge
atgacgaaac
acggcctcgg
acaaaggaca
ggtgtgcece
gcagaggaca

ctgacgectg
Page

agaggaccct
aggacttcag
gttccaccat
tggacgagat
aggagttctt
acggtgeege
tgttggacgt
tgatcccccy
acgagcagag
accaccagct
aaatcgaggt

ngggtacagg
aggacatcga

13

gtccactget
tgagaccctg
gaagcctgtt
tgtgcttgte
caatggcaag
cgtgcaggct
gaaccctetg
taacacagtc
cactgtcacc
gggcaagttc
gaccttcgag
caacaagcag

gaggatggta

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

Copy provided by USPTO from the IFW Image Database on 12/29/2005



aaggacgecg
aacgaactgg
ggaggcaagc
aaatggctgg
ctggctgata
ccgacggaca
gtacagcgaa
catcatttca
tggacctatt
tttegttgta
tgggagggyg

‘ID<210>

14
<211> 372
<212> PRT

FuenteCIpP,ST25

aaaagttigc cgacgaggac aagaaggtca aggagaaggt ggaggeccge
agtcttatgc ctactcccte aagaaccaga ttggagacaa ggagaagatg
tctccgacga ggacaagaag actattgage aagetgtgga cgagaaaatc
agcagcacég tgacgctgat geggaagaac tcaaggaaca gaagaaacag
ctgtgcagee gattgtagec aagetgtacce ctgcaggagg caccccaccy
aagatgactc tacaaaggac gagttgtaaa aacaaggcca gatctertgg
aggcatgggy cagcagcatt atcacaégtc atctgttacg atcatgaget
ccacctetac agtgetgetg ctgectgect tttggotggt tgagtgtret
taccatgatc attctctgta caaaaacaat tCtttctgtg tttttttttt
gtaacttaag ttatacagat gtcttctact gggtoggett tctccaigag
ctgggtgtca aataaaagtg tttctattaa aaaaaaaa

<213> Ixodes scapularis

<220>

<221> misc_feature
<222> (234)..(234)

«223» Xaa
<400> 14

can be any naturally occurring amino acid

grg Ala val Gln gys Leu Arg Arg Glu Xg] Glu Lys Ala Lys Qgg Thr

Leu Ser Thr Ala His GIn Ala Arg Ile Glu Ile Glu Ser Phe Phe Glu
20 25 30

0 Gly Glu ggp Phe ser Glu Thr kgu Thr Arg Ala Lys zl;e Glu Glu Leu

Asn ggt Asp Leu Phe Arg §§r Thr Met Lys Pro‘ggl GIn Lys val Leu

Glu Asp Gly Asp Leu Lys Lys Thr Asp val Asp Glu Ile val Leu val
65 pGly Asp 7% y P 75p - 80

Gly Gly Ser Thr Arg Ile Pro Lys Val Gln GIn Leu val Lys Glu Phe
85 ‘ 90 a5 ‘

Phe Asn Gly Lxs Glu pro Thr Arg G1¥ Ile Asn Pro Asp Glu Ala val
100 10¢ 110

Page 14

840
900
960

1020

1080

1140

1200

1260

1320

1380

1428

Copy provldeil by'Usté Trom the IFW lmége Database on 12/29/2008




Ala
Thr
o
Ile
Ser
Asp
Pro
Gly
Lys
Glu
val

@ ser

Ser
305
Lys

Glin

Tyr

Tyr Gly
y 115

Gly Asp
130

Thr val
Pro Thr
Thr val
i
318 <™
Ile Leu
Ile Thr
Arg Met
e g
i3
Asp Glu
Trp Leu

Lys Lys

Pro Ala

Ala

Leu

Gly

Lys

Thr

180

Gin

val

Arg

Ile

val

260

Lys

Asn

AsSp

Glu

Gin

340

Gly

FuenteCIP.ST25

Ala val 6In Ala Gly val Leu Gly Gly
120 125

val Leu Leu Asp val Asn Pro Leu Thr
135 140

Gly val Met Thr Lys Leu Ile Pro Arg
150 155

Lys Ser Gln Ile Phe Ser Thr Ala Ser
165 170

Ile GIn val phe g;g Gly Glu Arg Pro

Lteu Gly Lys Phe Asp Leu Thr Gly Ile
200 4 205

Pro GIn Ile Glu val Thr pPhe Glu Ile
215 220

val ser Ala Glu Asp Xaa Gly Thr Gly
230 235

Asn Asn Asp Gln Asn Leu Thr Pro

Ar
245 25

Lys Asp Ala Glu s%g phe Ala Asp Glu

Asn Glu Leu Glu Ser

val Glu Ala Ar
28 285

GIn Ile Gly Asp Lys Glu Lys Met Gl
29% LY Y 300 Y

Lys Lys Thr Ile Glu GIn Ala val Asp
310 315

GIn His Ser Asp Ala Asp Ala Glu Glu
325 330

Leu Ala Asp Thr 32} GIn pPro 1le val

Gly Thr Pro Pro Pro Thr Asp Lys Asp
Page 15

Glu

Leu

Asn

Asp

Leu

190

Pro

Asp

Asn

Glu

Tyr

Gly

Glu

Leu

Ala

350

Asp

Glu

Asp

Gly Ile

Thr
%
Thr
Pro
val
Lys
Asp
Lys
Ala
Lys
Lys
%
Lys

Ser

val
160
Glin
LyS
Ala
Asn
Gin
240
Ile
Lys
Tyr
teu
Tle
320
Glu

Leu

Thr

1
e

Copy provided by USPTO from the IFW Image Database on 12/29/2005
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FuenteCIP.ST25
agggcctcac ggcegageag ctgeaagtge tccaccaggt gegggacage gtggecagca 1380

tgcaccggga cgtctccaac aaccageege agaggactgg ctgcgegaca tectgtetea 1440
gcactaccca cttettgetg tttgeaacgt tgcagttgge tgtcacgetg ggctacttgg 1500
tgtacaggag cagcaaagag gcggeggeca agaagttcta ctgagtgcag atctcgagec 1560
ttgccttgee ctecectcee atggagtgga ccttaaccce acagactgec agaaaccagt 1620
grtgccagag gagecccect cecttetrat tgggtggggt gocacageca tcacccattc 1680
ttcgagacaa ggecactgtt tggggogagg ggcaagagat tcatecgggg tgcgcaa@aa 1740
aacatggceg tacagaggga ggggtgctce agaactgggt cccagecaca tegttgegtg 1800
ggagcgectt tctncctcac tctaaaaaaa aaaaaaaaaa aaaaaaa ; 1847
<210> 16
«211> 497

PRY
<213> Ixodes scapularis

‘l'<400> 16

Met Ala Ala Ala val Met Asn Cys Leu Arg Thr Ala Leu Leu Gly Ala
1 5 10 15

Leu val val ggn Leu Tyr Ala Thr g}n Ile Gly His Ar

w0

Lys Phe Glu
30
Tyr Lys Tyr Ser Phe Lys Gly Pro Tyr Leu Ala GIn Lys Asp Gly Ser
A/ ;z y 40 Ty 4§ p Gly
val pro Phe Trp Glu Tyr Gly Gly Asn Cys Ile Ala Ser Glu Glu Met
50 55 60
val Arg Ile Thr Pro Ser Leu Lys Ser Lys Lys Gly Ser Ile Trp Ser:
65 S 70 y Y 7% ' P 80
. Lys Leu Pro Thr Ser phe Pro Trp Trp Glu val Glu Leu val Phe Arg :
i 85 20 95
Thr Thr Gly Thr Gly Arg Ile Gly Ala Asp Gly Leu Ala phe Trp Tyr
Y 100 y Are y 105 p oy 110 Py
Thr Asp Lys Lys Gln Ala Glu Gly Pro val pPhe Gly Ser ser Asp Lys
1{5 Y 123 Y 125 pLYy

Trp Thr Gly Leu Ala Ile Phe Phe Asp Ser Phe Asp Asn Asp Asn Lys |
P 130 y 135 P 148 P Y

His Asn Asn Pro Tyr Ile Met Gly Met val Asnzefp Gly Thr Lys Ala
Page
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145

Tyr

Arg

Phe

Asp

Thr

Phe

Glu

Glu

305

Arg

Ala

Leu

Pro

Glu
385

ASp

Asp

Asn

Gly

210

Asn

His

Gin

Ser

Glu

290

His

Gin

Leu

ser

Pro

370

ser

His
fhe
Asn
195
ASp
Gly
ASp
Pro
Lys
2?5
Tyr
Gly
Ile
His
Leu
355

Pro

Leu

Glu
Ar

18

Ile

Tyr

His

Ala

Ala

260

Glu

Arg

Pro

Phe

Ar

34

val

GIn

Leu

Ser

165

Asn

Leu

Glu

pPhe

Leu

245

Leu

Tyr

Lys

Glu

Glu

325

Lys

ser

Met

ser

150

Asp

Lys

Thr

Met

Gl

23

Lys

Ala

Glu

Thr

Gln

310

Gly

Leu

Ala

Gly

ser
390

Gly Ala
Pro Tyr
VaT Ley
200
Cys Phe
315
val ser
Phe Leu
Gln Gly

val ;%5

His Pro
295

Ala Tyr
GIn Ser
Asp Glu
Gly Gly
Gly val
375

Gln Arg

FuenteCIP.5T25
155

Asn Gln Gln Leu Ala
170

Pro val
185

Phe His
Arg Ala
Ala Ala
Thr Thr

250

Met Ala
265

Lys Asp
Glu Glu
Asp Thr

" i

val Leu
345

Ala Gly

Pro ser

Arg

Asn

Glu

Thr

233

Ser

Asp

Lys

Ala

Gln

315

Leu

Gly

val

Leu

Ala Lys

Gly Asn
205

Asn val
220

Gly Gly

Leu His

ser Glu

Leu Glu
285

Ala Lys
300

GIn Gln
phe Glu
Arg GIn
Ala val

365

Gln Arg
380

Glu Leu Leu GIn Thr
395

Page 18

160

Gly cys GIn
y 175

Ile
190
Thr
Phe

Leu

Ala

Lys

Gln

Arg

Gly

Glu

350

Gly

His

val

Glu

AsSn

Leu

Ala

Glu

Glu

Gln

Ala

Glu

Leu

335

Arg

Gly

Glu

Ala

Tyr

Asn

Pro

AS

24

Gly

LyS

Lys

Met

Leu

320

Lys

Thr

val

Ala

GIn
400

Copy provided by USPTO from the [FW Image Database on 12/29/2005




val Lys
His GIn

val Leu
435

ser Asn
450

Thr Thr
465

Gly Tyr

Q..

<210>
<211>
<212
<213>

17
2475
DNA

<220>
<221>
222>
<223>

<220>
<221>
<222
223>

<400> 17
catcactagt

(134

(138

gctaaagctt
gaggacagcg
gccgacagea
gactcccaag
gagttgaggg
cggcagceaag
tttgactctt
tacgagcact

misc_feature

2)..(1342)

misc_feature

8)..(1388)

agcgagacac
cttcatccac
atgacgaagg
gcgactcgaa
acgaagaaaa
ggaaggacca
aggacgccaa
ccgacgaaga

atccgcacat

Ixodes scapularis

nisa, ¢, g, ort

nisa, ¢, g, ort

gtgcgtaaaa
ttccaagege
gtcaagcage
cgatttgtcg
cacgaagatt
ggaggcaccg
ggaggacaga
ggacgttcgc
cggttatgat

FuenteCIP.ST25

Gly Ala Gly Gly Thr GIn Gly Leu Thr
y 420 y el 42§
His GIn val Arg Asp Ser val Ala ser
440
Asn GIn Pro Gln ﬁgg Thr Gly Cys Ala
His Phe Leu Leu Phe Ala Thr Leu Gln
470 475

Leu val Tgr Arg Ser Ser Lys Glu Ala
485 490

atggggceca
acegeeggec
gcctactecg
gacacggagg
actttgactg
gtggagtctg
cgaacgcaag
aacacggttg
ctggaaggca

ser Phe val Ala Glu val His GIn Arg Thr Ala thr
405 410

Ala Glu Gln Leu
430

Met His Arg As

445 P

Thr ser Cys Leu

460

Leu Ala val Thr

Ala Ala Lys Lys
495

aaacgctgtc
ccacaataag
acttggagga
cgtcggagga
gggtggaggg
gcaaaaggtc
tggtggaaga
gcaacattcc

agccaatcct

Page 19

Leu Glin

415

GlIn

val

ser

Leu
480

Phe

taagcagccc
caagcagacg
ctccgaagga
tgactacgat
gaaggacctt
ggcatggeac
tgaatatgcc
tctggagtgg
gaagccgect

60
120
180
240
300
360
420
480
540
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aaaaaaaaaa aaaaa

<210>
<211>
212>
<213

«220>

<221>

<222>

<223>

<220>

<221>

<222>

«<223>»

<400>
.l\{et Gly Pro Lys "Is'hr'

Thr
Ser
Glu
ser

65

Thr
‘H"G1n
Gln
Tyr
Asn

145

Leu

ser
Asp
S0’
Glu
Leu
Glu
Glu
%

Ile

Glu

18
754
PRT

misc_feature

(438)..(438)

misc_feature

(453)..(453)

18

Lys Arg Thr
20

Asp Glu Gly

35p

Ala Asp Ser

Asp Asp Tyr

Thr Gly val

85

Ala Pro val
100

Asp Ala Lys

Phe Asp Ser

Pro Leu Glu

Gly Lys Pro

Ixodes scapularis

Xaa can be any naturally

Leu Ser Lys
Ala Gly Pro
ser Ser Sser
40
Ser Asp Ser
55
Asp Asp Ser
70P p
Glu Gly Lys
Glu Ser Gly
Glu Asp Ar
120
ser Asg Glu
13
Trp Tyr Glu
150

Ile Leu Lys

FuenteCIP.5T25

Xaa can be any naturally occurring amino

occurring amino

GIn Pro Ala
10
Thr Ile ser
25
Ala Tyr Ser
Asn Asp Leu
GIn Asp Glu
75
Asp Leu Glu
90
Lys Arg Ser
105
Arg Thr Gln
Glu Asp val
His Tyr Pro
155

Pro Pro Arg

Lys

Lys

Asp

Ser

60

Glu

Leu

Ala

val

Ar

14

His

val

Page 21

acid

acid

Ala Ser Ser
15

GIn Thr Glu
30

Leu Glu Asp
45

Asp Thr Glu

Asn Thr Lys

Arg Gly Lys
95

Trp His Arg
P 110

val Glu Asp
125
Asn Thr val

Ile Gly Tyr

ser Asp Leu

Ser

Asp

ser

Ala

Ile

80

Asp

GIn

Glu

Gly

N - %
\Q) @

2475

Copy provided by USPTO from the IFW Imagé Database on 12/29/2005




ASp
ASp
Leu
Pro

225

Pro
‘l.I]e
Trp
Leu
Ar

30

Tyr

Phe

Lys

Ile

210

Tyr

val

Glu

Ile

Asn

Arg

Tyr

Ar

37

Met

Prro

Leu

Ser

195

Glin

Glu

Thr

Lys

3

Asp

Ile

Pro

Glu

Pro

355

fhe

Arg

Lys

165

Arg Lys
18

Thr Gly
Arg Leu
Pro phe
Arg His

245

Ala Met
260

Pro Arg
Lys Asp
Pro Ala
Pro Ala

325
Gin Glu
340
Cys Leu
Glu Arg

val Asn

Asp Leu
405

FuenteCIP.5T25
170

Met Asp Asp Pro Asn Tyr
185

Glin

GIn

Glu

230

Pro

val

val

Asp

Pro

310

Glu

Pro

Arg

Cys

val

390

Gln

Asp val val
200

Lys

215

Asp

Pro

ser

Lys

ser

295

Lys

Tyr

Glu

Ala

Leu

375

Asp

Pro

Gly

Ile

Gln

Lys

Met

Leu

Glu

val

360

ASp

Ala

Phe

GIn
Phe
Lys
Met
265
His
Ala
Lys
phe
Ar

34

Pro
Leu

Glu

Pro

Leu

Phe

ser

Arg

250

val

Asp

Gly

Leu

Thr

330

Arg

Ala

Tyr

Asp

ser
410

Thr

Pro

His

235

ser

His

Pro

Ser

Pro

315

Glu

'ITe

Tyr

Leu

Ley

395

Ile

175

Trp Arg Thr val
190

Asp Glu
P 205

ser Ser
220
Glu Thr
Phe val
Ala Ile
Glu Ar
28
Asn Glu
300
Gly His
Glu Glu
Asn Phe
Glu Arg
365

Cys Pro
380

Ile Pro

G1ln Ser

Page 22

Asp

Thr

Met

Pro

Arg

Glu

Glu

Leu

350

Phe

Arg

Gln

Ile

val

Thr

Ile

ser

255

Met

Ser

Met

Glu

Ala

335

Pro

Ile

Gln

Leu

val
415

Lys

Asp

Asp

His

240

Arg

Gly

Leu

GIn

ser

320

Lys

Ala

Glu

Arg

Pro

400

Tyr

Copy provided by USPTO from the IFW image Database on 12/29/2005




Glu
Gin

Leu

Arg

Cys
545

His
Ala
val
A
-
Thr
Thr
625

Asp

Leu

Gly His

Phe Phe
435

Leu Thr
450

ser val
Lys Thr
Phe Thr

Pro GJ
51

val Pro
530

Gly Ala
Gly Arg
val Arg
Leu Phe

595

val Ar
610 g
ser Asn

Asn Leu

Asp Leu

Thr Asp
420

Ala ser
Gly Xaa
Ala Trp

val Sser
485

Thr 6]
500 Y

Gly Gly
Leu Pro
Gly Asp

Gly Thr
565

Arg Leu
580

His Pro
val Tyr
Cys Lys
Leu Ile

645

Ser Thr
660

Cys
Xaa
Cys
¥
Met
His
Ser
Gly
%
Gly
Pro
Leu
His

™p
630

val

Ser

Leu

455

Pro

Leu

Arg

Gly

Gl

53

Ala

His

Phe

Arg

Leu

615

Ile

Leu

Glu

440

Lys

val

Asp

val

val

520

Ala

Leu

Arg

Ser

Pro

600

Leu

ser

Gly Thr Tyr

Lys Pro Tyr

FuenteCIP.ST25
g§§ Leu Ser Leu Glu

Asp Gly Thr val

Lys

val

Ala

val

505

Gly

ser

Glu

Ala

Lys

585

Phe

Lys

Cys

Glu

Gln
665

Phe

val

Cys
Ala
Ala
Gly
576
Ala
Leu
GIn
Met
650

GIn

GIn Phe
460

Pro Met
475
val Thr
Pro Pro
Asp val
Gly Ar
54
Arg Leu
55
Pro ser
Lys Gly

L.eu val

Glu Leu
620

Gly Arg
635
Arg Leu

Leu Arg

Page 23

Ar

44

Glu
Lys
ASp
Arg
Gly
ser
Leu
val
Gly
Ala
605
Ala
Pro

Met

Ile

Pro Ala Gly
430

Ile

Ala

Leu

Lys

Arg

510

Leu

Pro

cys

val

val

590

Cys

Lys

Pro

Trp

His
670

Trp

Pro

Cys

Leu

495

val

Leu

Pro

His

His

Ser

Gln

Arg

Pro

Phe

655

Asn

Glu
val
%
Leu
Leu
Ser
Arg
580
Ala
Arg
Arg
Leu
%

Asp

Ala

_Copy provided by USPTO from the IFW Image Database on 12/29/2005




ﬁuantecIP.STZS

Ala Ile Arg Ser val Ala pPhe His Pro Arg Tyr Pro Leu Phe Ala Ser
675 680 685

Ala Gly Asp Asp Arg Ser val Ile val ser His Gly Met val Tyr Asn
695 9 695 700 v

Asp Leu Leu GIn Asn Pro Leu Ile val Pro Leu Arg Arg Leu Lys ASn
705 710 715 720

His Ala Ile Ser L%S Gly Met Gly val Leu Asp Cys Ala Phe His Pro
725 730 735

His GIn Pro Trp Ile val Thr Ala Gly Ala Asp Ser Thr Leu Arg Leu
740 745 750

Phe Thr

<210> 19
<211> 447
<212> DNA

<213> 1Ixodes scapularis

<400> 19
caaagatgct getgttetge

agtgcttccg tttegectge
cgaatcggaa gtacccgegg
gggagaatgt tgactcgacc
ttatgcagat ccagactagg
accagctcty tggccaccag
cgtgcaaaat gcgtcggggg

S 3333aaaaaa aaaaaaaaaa
<210> 20

<211> 108
<212> PRT

ccgacgtgcg ccaacatcect cattgtggaa
aacacatgcc cctacgtgca caacatcaag
ctcaaggacg tggacgacgt gctcggcggt
gaagagaagt gccccaagtg tggccatgag
tcggccgacg ageccatgac caccttetac
tggagggact gacagatggc ggctttgacg
gagagagttt tggaataaaa catgcgectt
aaaaaaa

<213> Ixodes scapularis

<400> 20

caaggcttgg
gcgaagatgt
gcagcegect
cgggcctatt
aagtgctgea
aactcatgcc

actttcataa

Met Leu Leu Phe Cys Pro Thr Cys Ala Asn Ile Leu Ile val Glu Gln
1 5 10 15

Gly Leu Glu Cys Phe Arg Phe Ala Cys Asn Thr Cys Pro Tyr val His
Z% 9 25 30

Page 24

60
120
180
240
300
360
420
447
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TR T

FuenteCIP.ST25

Asn Ile ggs Ala Lys Met Ser an Arg Lys Tyr

- val Asp Asp val Leu Gly g}y Ala Ala Ala Trp

Thr Glu Glu Lys Cys Pro Lys Cys Gly His Glu
65 ys & 70 ys Ly y 75

GIn Ile GIn Thr Arg Ser Ala Asp Glu Pro Met

85 90

Cys Cys Asn Gln Leu Cys Gly His GIn Trp Are
Y‘ y 300 Cy y 105 p Arg

<210> 21
<211l> 1567

<212> DNA
.<2].3> Ixodes scapularis

>
<21 misc_feature
<222> (785)..(785)
<223> n is a, ¢, g, or t

. <400» 21
cececcceagge geagggette gttcaggtcg accaggggge

agcgecacct ggcaageatg caggtcaatg gatatgagaa
aggccaacac caactgageg gecacgecce caggggaggg
gtattgtgce tgctgeggge tgegggatta getcgteceg
ggtttgcctc gegtcttagg agtaggcacg goctcccttc
ggttgttogg gacacgageg gegrogggcy cageeagect
acggcaaace grrtgttcec acccgeggaa tgaaaatttt

; aatcgagegt cggegecgee tecgacagec ccgagtgeac
f @ptogagtag trgacactcg ggtcgeaget cgaacaagct
N 'Qg'ggccggc gaccgagegt agagettget gtgegtagtt
ttgtgtotgt gcttggtcac agacaatggg cagcttecga
ctcgoctttg ttttcttett ctcgeggtty teatacttag
ttccagteeg ggcgyggegec cecgtteagg cgegtectga

~ gtgengtgea tttattggec geagcagggg grtcccgggt
catgtcgtga ctttccccte agacggtigt ccttgetcat
ggtggtagtc tetgttgett aggtttgtag gagcaﬁziﬁi

Pro Arg Leu Lys As
459 P
Glu Asn val Asp Ser
60
Arg Ala Tyr Phe Met
J 80
Thr Thr Phe Tyr Lys
95 Y

Asp

cctececegea agececgagy
ccccacctac aagtactteg
ggaaaagggg gcggacggac
cgttgttccyg ggagecagtt
tgcacécggt caaggaccat
gagctttgyg teccggtace
gtttgcctca gtttetttcy
tctgtctgtt gcgaaagace
cccgtaaaac gctacttaac
gtggataaaa ctttttrttt
cgttagccac gegecacacg
tttccattgg cgggttaaca
tcaaaattga gecatttggtt
gcacctggtg tegtgacacg
ggctegttea cacctctagt

gggcagaggg tgtcacaaag

60
120
180
240

300

360
420
480
540
600
660
720

780

§4o .

900
960

Cory provided by USETO from the IFW image Dalabase on 12/39/2005



.<210>

, <_212>
"¥,<213>

ttttctaagce
gtttttagtt
atgtgccage
gtgcggeece
agatgcectt
attcatgcga
aaatttgtct
tagtttgceg
gtattttcca
tggaaaagct
aaaaaaa

22
<21l> 44
<5

<400

PRT .
Ixodes scapularis

22

tgtatataca
gggacagtga
tgcatgtgtr
tectgagttt
gcgeacggtg
aattaatg%g-
cccctgtqag
|
gactgtedtt
gtatcggjtc

aaaataaaaa

FuenteCIP.57T25

tgaggaaaac attgcgttge
acgttitttg tacaggttat
ttectgeaty tggggaagec
ccatgtgeca tgtgeccage
tgceceggeg ageattgtgt
gtcacagctg tcattgtcte
tgtgtgcttc tortggtict
tteggtoeca ggtcgacage
acaccaggtg taacctattg
tttgcaagag tctcactaaa

Pro G1n.A1a GIn Gly phe val Gln val Asp Gln
1 5 10

ser Pro Glu ggu Arg His Leu Ala ggr Met Gin

"Asn Pro ;?r Tyr Lys Tyr Phe ggu Ala Asn Thr

<210
<211

23
704

o
221>
<222>
<223

<220>
<221>
222>
<223>

<400> 23

DNA .
Ixodes scapularis

misc_feature
(534)..(534)
nisa, ¢, g, ort

misc_feature '
(598)..(598)
nisa, ¢, g, ort

acacacgega
tatgtagtgc
tcegtgetge
ctagggtgaa
gtccgtagge
agtgaacata
acacttgect
aggctataac
tgcatgtagt
aaaaaaaaaa

gttteggect
ctacatttgt
cccgagetgt
ctgguggtgc

catcgacget

tcatatgtee
geatttttgt
aacaattceg
gtaacttgag

adaaaaaaaa

Gly Ala Leu Pro Ala
15

val Asn Gly Tyr Glu
30 y

Asn

tgagaagaca ctagaggaca agttcttcga gcatgaggtg atgctgaatg tgaatgegtt

catgcagcag ttccattccg gegtttrtta tgectacgty zasagctgaagg aacaagag

Page

tg

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1567

60
120
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ccgeaacatt
ctacattcca
gtgtaatata
tctggttage
aggaaaaaaa
tctattttta
tttgcagttc
atgtgtgaat
aaaccccaac

daadaaaaaaa

gtctggattg
atcttctagt
tatatatata
tgcgattgtg
ttggccaata
cttcgettta
gtctttettc
gaatgactaa
tccagetgge

aadadaaaaa

<210>
.<211>
<212>
< >

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

<220>
«221>
<222>
<223>

<220>
<221>
222>
<223»

<220
<221

S <222>
‘ <223>
‘IE?0>
21>

<222>

<223>

220>
<221>
<222>
<223>

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

24
681
DNA

ccgaatgegt
cgctcgagga
tatatctact
cgagagggga
acttttacct
ccgtgtgctg
ttttgagcac
tccatgttgg
ctttggaaaa

aaaaaaaaaa

Ixodes scapularis

misc_feature
(432)..(432)
n is a, ¢, 4,

misc._feature
(467)..(467)
nis a, ¢, g,

misc_feature
(472)..(472)
nisa, ¢, 4,

misc_feature
(481)..(481)
n is a, ¢, 9,

misc_feature
(493)..(493)
n is a, ¢, g,

misc_feature
(495) . .(495)
I'I'IS a' C, g’

misc_feature
(499)..(499)
nis a, ¢, 4,

or t

or t

or t

or t

ort

or t

or t

FuenteCIP.ST25

tgctcagegt
aaagaaatgg
tcgcaaaatt
aaaaaatgta
tttgaagtta
gctattgett
atatttattc
ggttggttaa
aaaaaaaaaa

daaaaaaaaa

catcggtcca
gccaattegg
cttcagctag
gtcagtggca
aagcaagggt
tgcaaacgtt
cagagttcca
tggtgcattg
aaaaaaaaaa

aaaa

pPage 27

agatcgataa
tagtttgtcg
agtgtctatg
tgatcaagga
taaaataatg
ttttaaaatt
atancctttt
ttgaaaanat
aaaaaaaaaa

WX

180
240
300
360
420
480
540
600
660
704

§\<

A

Copy provided by USPTO from the IFW image Database on 12/29/2005



X%\ !?E} }ﬁ&

FuenteCIP.ST25
<220> |
<221> misc_feature
<222> (507)..(507)
<223> nisa, ¢, g, ort

<220>

<221> misc_feature

<222> (S;S)..(SlS)

<223> nisa, ¢, g, ort

<220> |

<221> misc_feature

<222> (518)..(518)

<223> nisa, c, g, ort

<220> |

<221> misc_feature

<222> (528)..(528)

<223> nisa, ¢, g, or t

<220> )

<221> misc_feature

<222> (533)..(533)
.<223> nisa,c g, ort

<220> |

< misc_feature

<> (547)..(547)

<223> nisa, ¢, g, ort

<220> )

<221> misc_feature

<222> (550)..(550)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (559)..(559)

<223> nis a, ¢, g, ort

<220> .

<221> misc_feature

<222> (565)..(565)

<223> nisa, ¢, g, ort

i <220>
‘ <221> misc_feature
Y <222> (567)..(567)
223> nisa, ¢, g, ort

20>
<221> misc_feature
<222> (571)..(571)
«223> nisa, ¢, g, ort

<220> |

<221> misc_feature

<222> (586)..(586)

223> nis a, ¢, g, ort

<220> .
<221> misc_feature
<222> (593)..(593)
page 28
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nisa,c, g,

misc_feature
(599)..(599)
nis a, c, g,

misc_feature
(603)..(603)
n is a, ¢, ¢,

misc_feature

(606 . . (606)
nis a, ¢, g,

misc_feature
(611)..(611)
nisa, ¢, g,

misc_feature
(619)..(619)
n'lS a' c, gl

misc_feature
(623)..(623)
nisa, ¢, ¢,

misc_feature
(625)..(625)
nis a, ¢, g,

misc_feature
(627). . (627)
nisa, ¢, g,

misc_feature
(651)..(651)
n is a, ¢, g,

misc_feature
(658)..(658)
nisa, ¢, g,

misc_Ffeature
(666) . . (666)
nisa, ¢, g,

misc¢_feature
(673)..(674)
nis a, ¢, 4,

24

or

or

or

or

or

or

or

or

or

or

or

or

or

FuenteCIP.ST25

Page 29
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gtcacgggat
accttteegt
ccgggegaga
cagaacaacc
gatcagttgg
actcgaaaag
gacaacctte
gacatggceca
nagcaagtgt
aaccttnaan
genttnttec

FuenteCIP.ST25

ttgggaagct gtcgtctgtc gtcctgcagt

ctegetgtea gacgecttga accatgactg

aaacctgcca acagacttat gacaagetge
tctcgacctg ctacaagttc caccttecgg
ttggcctcte ggatgacttg ggaaagetcg
tggccageta tetggggoac gtgettgacg
cttgccaatg gettggggct ggaggectac
antaccecat ‘caagcagttc gcctcaagag
ctnanattng?accggtngaa cctenagnag
aacttaagnt tcaantncat ncgaacceca
ngttagcent ggnenthace ttattgegec

<210>

S
<

<213>

<220
«221>
<222>
<223>

<220>
<221>
<222

«223>

<220>
<221
«222>
<223>

‘ID~<220>
T €221
22>

3

<220>
221>
222>
<223>

«220>
<221>
<222>
<223>

<220
<221>

25
720
DNA

gggggntcgg ganntacctt a

Ixodes scapularis

misc._feature
(488)..(488)
nis a, ¢, ¢,

misc_feature
(625)..(625)
nisa, c, 0,

misc_feature
(627)..(627)
nisa, c, 9,

misc_feature
(631)..(631)
n is a, ¢, 4,

misc_feature
(641). . (641)
n is a, ¢, g,

misc_feature
(680)..(680)
nis a, ¢, 0,

misc_feature

or t

or t

or t

or t

or t

or t

ttcaaacggt
agttctgget
tcagcgtcac
acttgaaggt
acacctatgt

accagaggga

ctgacceegg

catcacntga
caagttanct
aatccnecgg
aagggageca

Page 30

ttcaccaaaa
catctegget
aagcaacaag
gggtacgetg
cgaaagcatc
caaactagcc
ttttcagtgg
antcatcage
tgnttacaac

ggnaggcong
ntttgtentt

120
180
240

300
360.

420
480
540
600
660
681
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FuenteCIP.ST25

Ser Pro Asn ggy Arg Ser Pro Lys ggg Arg Arg
val Thr GIn Ala Ala Thr Pro Pro Thr Arg Ala
35 40
ser Pro Phe Gly Glu val Pro Pro Lys Leu Thr
50 55
Ala Asn Ile Arg Glu Glu
65 70

<210> 28

<211> 490

<212> DNA

<213> Amylomma americanum

400> 28
Watggettgcg caacattaaa gegaacgcac gactgggatc

’ a.caccaa agcggcgaag atgtatgect ttttcagtca
agggcgeace aaatcaatcc ctcgcctttc ggegacgtge
gagatagcag ccaacatccg tgaggaaatg €ggeggetge
ttccagggtg cagagtgcag tagcccccee gaaggetgtt
cagcacaccg geggeetcct gtcacctgtg cgecgagace
caagtgggac tcatctgtga gcgcatgatg aaagagcgag
tatgaccacg tgctctccac caagcttgea gagcagtacy
tacgaccaaa
$in 16

. <212> PRT L
W <213> Amylomma americanum

1l!f0> 29

t Ala Cys Ala Thr Leu Lys Arg Thr His As
1 A4 5 y g 10 p
ser Pro Asn gAy Arg Ser Pro Lys ggg Arg Arg

val Asn ggo Pro Ala Pro pPro Igr Arg Ala His

Cys Met Pro Leu Ser
30
His GIn Ile Asn Pro
45

ser Glu Glu Ile Ala
60

ccetgeacag tecgaacgga
acccaccagc tcctccaaca
caccaaagct gacttcagag
agcggegeaa geagetctge
cccccattgg ctecccctee
agcccctgtt caccttecge
agagccagat acgagaggag
acacatttgt caagtttacg

Trp Asp Pro Leu His
15
Cys Met 550 phe ser

GIn Ile Asn Pro Ser
45

Pro phe Gly Asp val Pro Pro Lys Leu Thr Ser;gu Glu ITe Ala Ala
Page

60
120
180
240
300
360
420
480
490
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.Leu ser Thr Lys Leu Ala
' 145 150

50

Asn Ile Arg Glu Glu Met
65 70
Phe Gln Gly Ala ggu Cys
Gly Ser Pro Ser Gln His
100
Asp GIn Pro teu Phe Thr
115

Met Met Lys Glu Arg Glu
130

T’Asp GIn

30
442
DNA

<210
<211>
<212>
<213>

<400> 30
atggcttgcg caacattaaa

agatcgccga agegacgeceg
atcgatccct cgecettegg
aacatccgtg aggagatgeg
gaccctgaat cccagcatac

\. ttcacgttce gccaggttgg

ﬁacgggagg agtatgacca
caagttta cgtacgacca
31

147
PRT

«210>
<211>
<212»
<213>

<400> 31

55

Boophilus microplus

gcgaacacat
atgtatgecet
agacgtgcca
acggctacaa
cagtggtetc
gctecatttge
tgtgctatct
aa

Boophilus microplus

FuenteCIr.ST2S
60

Ser Ser Pro Pro Glu
90
Thr Gly Gly Leu Leu
105

phe Arg Gln val Gl
120 Y

Ser GIn Ile Arg Glu

135

Glu GIn Tyr Asp Thr
y P 155

gactgggacc
ctgtccccge
ccaaagttga
cggcgeaage
tcgtcaccag
gaacgaatga

accaaactcg

Arg Arg Leu GIn Arg Arg Lys GIn Leu Cys
75g 85

Gly Cys ser ggo Ile
ser Pro ng Arg Arg
Leu i;g Cys Glu Arg
glg Tyr Asp His val

Phe val Lys Phe Thr
160

cetigecacag tccgagtgge
ctcctacaag ggcgcaccag
cttcagagga gatagcagec
agctctgttt ccagggeget
tgcatcgaga ccagcccetg
tgaaggagcg agagagcaag
cagaacagta cgacacattt

?et Ala Cys Ala ;hr Leu Lys Arg Thr ggs Asp Trp Asp Pro igu His

Page 33

60
120
180
240
300
360
420
442
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ser Pro ser g%y Arg Ser Pro Lys
Pro Pro Pro Thr Arg Ala His Gln

val gso Pro Lys Leu Thr Ser Glu

65

Asp Pro Glu Ser g}n His Thr Ser

Asp GIn Pro Leu Phe Thr Phe Arg

Met Met Lys Glu Arg Glu Ser Lys
® i35

Leu Ser Thr Lys Leu Ala Glu GIn Tyr Asp Thr Phe val
130 140

35 40

55

Glu Met Arg Arg Leu ggn Arg Arg

100

115

135

Tyr Asp GIn
145

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

<220>
<223>

- <400>

32

23

DNA
Artificial

oligonucleotide primer
32

“ gcgtcgtgtyg gagcatcage gac

o
1
212>
<213

<220>
<223>

<400>

33

23

DNA
Artificial

oligonucleotide primer
33

tcgcaacgga caacggcagg ttg

<210>
<211>

34
23

FuenteCIP.ST25
Qgg Arg Arg Cys Met

Ile Asp Pro Ser Pro
45
Glu 1Ile Ala Ala Asn
60
Lys GIn Leu Cys Phe
75
Gly Leu Ser Ser Pro
90

Gln val Gly Leu Ile
105

Ile Arg Glu Glu I{g

Page 34

Pro

30

Phe

Ile

Gln

val

Cys

110

Asp

Lys

Leu Ser
Gly Asp
Arg Glu
Gly Ala
80
His Ar
95 9
Glu Arg
His val

rhe Thr

23

23

Copy provided by USPTO from the IFW Image Database on 12/29/2005



iasme & AAKANA

| n

¢

FuenteCIP.ST25
«212> DNA _
«213> Artificial

<220> . )
«223> oligonucleotide primer

<400> 34
gcttgcgcaa cattaaageg aac

<210> 35 {
<211> 23

<212> DNA ]
<213» Artificial

<220>
<223> oTigonuc1eot de primer

<400> 35
tgcttgtttg cagatgecca tea

Mr211> 23

‘212> DNA_
213> Artificial

<223> oligonucieotide primer

<400> 36
gaaatatctg tgaaaccaag gec

<210> 37 *
211> 23 |
<212> DNA |
<213> Artificial ‘

<220> (
«223> oligonucleotide primer

<400> 37
attgcacaac acatcattaa ctg

<210> 38
. <211> 486 |
<212> DNA !
,5%?3’ Rhipicephalus appendiculatus

400> 38 '
atggcttgtg cgacattaaa gcggacacat gactgggacc ccttgeacag tccgagtggc

agatcaccaa agcgacgecg atgeatgect ctgtececge ctccaacgag ggegeaccag
atcgatccet cgeccttcgg agacgtgcca ccaaagttga cttcagagga gatagcagec
aacatcegeg aggagatgcglacggctacaa cggcgeaage agetctgttt tcaaggeace
gacgccgaat cccagcatac cagtggtcetc tegtcaccgg tgegtegaga ccagecectg
ttcacgttce gecaggttgg gctcatttgc gaacgcatga tgaaggagcg agagagcaag

1 ' page 35

23

23

23

23

60
120

180

240
300
360
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FuenteCIP.ST25

atacgggagg agtatgacca cgtgcetatce accaagetcg cagaacagta cgacacgttt 420

gttaaattta cctacgacca aattcagaag cggtttgagg gtgctacgcc cagctatttg 480

tcgtaa

<210>
<211>
<212>»
<213>

<400>

39
161
PRT

Rhipicephalus appendiculatus

39

?et Ala Cys A]a.;hr Leu Lys

Ser Pro
‘Pro Pro
Pro
50
Glu Met
65
Asp Ala

Asp GIn

Met Met

Ser

ser Gly
20
Pro Thr
35
Pro Lys
Arg Arg
Glu ser
Pro Leu
100
Lys Glu

Thr Lys

Gln Ile

Arg ser
Arg Ala
Leu Thr
Leu GIn
70

GlIn His
85

phe Thr
Arg Glu
teu Ala

GIn Lys
150

Pro

His

ser

55

Arg

Thr

Phe

ser

Glu

135

Arg

Arg Thr
Lys Arg

25
GIln Ile
40
Glu Glu
Arg Lys

ser Gly

Arg Gln
9 105

iy

GIn Tyr

rhe Glu

His Asp
10

Arg Arg
Asp Pro
Ile Ala
Gln Leu

75

Leu Ser
90

val Gly
Arg Glu
Asp Thr

Gly Ala
155

Trp
cys
ser
)
Cys
ser
Leu
Glu
phe

140

Thr

Page 36

Asp

Met

Pro

45

Asn

Phe

Pro

Ile

val

Pro

486

Pro Leu His
15

pPro Leu Ser

30

pPhe Gly Asp

Ile Arg Glu

Gln Gly Thr

80

val Arg Arg
95

Cys Glu Ar

1{0 9

Asp His val

Lys Phe Thr

Ser Tyr Leu
R 160

Copy provided by USPTO from the IFW image Database on 12/28/2005



ESTADOS UNIDOS DE AMERICA

A TODOS CUANTOS LA PRESENTE VIEREN:

IDEPARTAMENTO DE COMERCIO.DE LOS ESTADOS UNIDOS
Dﬂlclna de Patentes y Marcas de los Estados Unldos

|
t
|
5
i

30 de diciembre del

‘ 2005 | ‘
| . LA PR%SENTE ES PARA CERTIFICAR QUE LA ANEXA ES UNA COPIA
FIEL HE LOoS ARCHIVOS‘DE LA OFIC‘INA DE PATENTES Y MARCAS
DE LOiS ESTADOS UNIDOS DE AQUELLOS DOCUMENTOS DE LA
SOLICI'[[‘UD DE PATENTE IDENTIFICADA EN LO SIGUIENTE, QUE
CUMPLEECON LOS REQUERIMIENTOS PARA QUE LE SEA OTORGADA
UNA FECHA DE PRESENTACION BAJO 35 USC 111,
NUMERO%DE SOLICITUD: 10/972, 789
FECHA DE PRESENTACION 25 de octubre del 2004
- ‘ EL COD];GO Y NUMERO DEL PAIS DE SU SOLICITUD DE PRIORIDAD,
, A SER UTILIZADO PARA PRESENTACION EN EL EXTRANJERO BAJO
| LA CONENCION DE PARIS ES USlO/972 789
i Por Poder del
Sub%ecretario de Comercio para la Propiedad
Intelec&ual Y
Dir%ctor de la Oficina de Patentes y Marcas de los
Est%dos Unidos
? (firmadq)
(#ELLO) | - P. SWAIN
; . Funcionario que Certifica
| PATENTE

Expediente No.: 57338/04-597

-




CERTIFICACION BAJO 37 C.F.R. Y 1.10

presente certifico que, en la fecha mostrada

dirig‘i O a: Mail Stop patent Application, Commisgioner
for Pdtents, P.O. Box 1450, Alejandria, VA 22313-1450
comof “Express Mail Post Office to Address” Etiqueta de

v

Envio de Correo No EV166756583US el 25 de octubre del

2004. |

(firmago) | LUZ C. LOPEZ

Firma: . . _ (Nombre escrito o impreso
! de la | persona que

certi}i*%ijaa)

cacién Preliminar:

NOTA: *fodos los solicitantes son demandados para incluir

una cﬁl‘?sificacién preliminar sobre las solicitudes de

patente| recientemente presentadas. La clasificacidén

préliminar, de preferencia las designaciones de claae. y

ag¢, debe ser identificada en la esquina derecha

de la carta de transmisién que acompafia los
log de la solicitud, por ejemplo “Clase Propuesta

'&Se‘129”‘.A M.P.E.P. Seccién 601, 7* Ed.

Y14

i



e,

Ry MR '3???:‘&?‘;3

\>?( 0 -

- PATENTE

Expediente No.: 57338/04-597

I

Mipo de Solicitud

Mieva solicitud es para un(a)

ff,ﬂ Original (no provisiocnal)

:
i

u l}’i .

-{|1 Disefio
kI
i Planta
¥

Divi$ional‘

Continuacidn

Continuacién en parte (C-I-P). ‘

iaficio de la(s) BSolicitud(es) N@rtéaméridana(s)‘
Q) {35 U.8.C. Seccioﬁes 119(e), 120 o 121)

La nueva solicitud que es transmitida
reivindica el beneficio de la(s) salicitud(es)

norteamericana(s) previal(s).

Esta solicitud es una continuacidn-en-parte de
la solicitud correspondiente No. de Serie

10/425,8563, presentada el 04/29/2093} gque en

il parte es una _no provigional de la solicitud

correspondiente No. de Serie 60]376,251 ,

. presentada el 04/29/2002.

ntos Adjuntos

jfaridos para la Fecha de Presentacisén bajo 37v
#.R. Seccién 1.53(b) (Regular) o 37 C.F.R. Seccidn
53 (Disefio) Solicitud

Paginas de Especificacidn

Péginaé de Reivindicaciones

Pégina de Eﬁtracto

Hojas de Dibujos [Formall




(8)

Enmienda Preliminar.

Dec‘:laraciénv de Descripcién de Informacidn (37
C.F.R. Seccién 1.98)

Forma PTO-1449 (PTO/SB/08A y 08B)

Citas | .

Declaracifén de Depbsito Bioldgico

Envio de “Ligtado de Secuencia”, copia leible
en computadora y/o enmienda que pertenece a‘la
misma para la invencidén* de biotecnologia que
contiene secuencias de nucleétidos y/q

aminoécidos.

[X] NOTA: Por la presente declaro que lé
informacién registrada en la forma leible
en computadora es idéntica al listado de
gsecuencia escrito (en documento o diegco
compacto). Ver 37 CFR 1.821(f).

Autorizacidn del (os) Apoderado(s) para Aceptar

. w4y Seguir Instrucciones del Representante

Comentarios Especiales

Otro

laracién o© Juramento (incluyendo poder del

{iﬁ"'Adjunté

= Ejecutado por

.[ ] Inventor(es)

[1 'representanté legal del(los) inventor(es).
37 C.F.R. Seccién 1.42 o 1.43.

‘  [ 1 in&entor conjunto © persona gue muestra un

interés propietario a favor del inventor
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[]

o

gquién rehusdé firmar o no puede ser

notificado.

(1

‘Esta .es la peticidén requerida por 37
C.F.R. BSeccidn 1.47 y también se
adjunta la declaracidn requerida por
37 C.F.R. Beccibn 1.47. Ver el

parrafo 13 enseguida para derechos.

No adjunto.

La sgolicitud es hecha por una persona

autorizada bajo 37 C.F.R. 1.41 a favor de

todog los

Inglés

inventores mencionados

antericormente.

[]

Que muestra que la presentacidédn es

autorizada.

No en Inglés

[]

[1

[X]

1la

A

traduccién  adjunta  incluye  una

declaracién de gque la traduccidn es

precisa. 37 C.F.R. Seccidn 1.52(d).

Una cesgidn de la invencidn a

se adjunta. Una

[1

"HOJA DE CUBIERTA PARA LA CESION

[t0) QUE ACOMPANA LA NUEVA SOLICITUD DE PATENTE” o

1595 geparada también se adjunta.

Fﬁ,[ ]

seguird

Cegidn previamente

registrada el

;‘:en el carrete 014258/Cuadro 0067.



Declaracién de entidad pequefia es reivindicada
en este momento.

Declarécién de entidad pequefia no es
reivindicada en este momento.

Célculo de Derechos de Presentacidén (50% de A,
B o C anterior)

$2,264.00

11, Qﬁfticién para Biisgqueda de Tipe Internacional (37

C}F.R. Secci6n 1.104 (d))

{completar, si es aplicable)

Por favor preparar un reporte de bilsqueda de
tipeo internaciconal para esta sgolicitud en el
momento cuando el examen nacional sobre los

méritos toma lugar.

12. ia; o de Derechos que es Hecho en Este Momento

1)

No adjunto

[x] 'Ningdh derecho de presentacién estd siendo
pagado en este momento.

Adjunto

-

[ 1 Derechos de Presentacidn

[ 1 Cesldn de registro
($40.00; 37 C.F.R. Secciéﬁ 1.21(h))
(Ver la “HOJA DE CUBIERTA PARA LA CESION
QUE ACOMPANA LA NUEVA SOLICITUD” Adjunta).
$

[ 1 Derechos de peticién. para presentar por
otro diferente a todos los inventores o

personas - a favor del inventor donde el

e wﬁ‘iﬁ ol il B

o

1zt
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mediante este documento y durante la pendencia

E

completa de esta solicitud a la Cuenta No.

[ ] 37 C.F.R. Seccidén 1.16{a), (£} o (g)
(derechos de presentacidn)

[ ] 37 C.F.R. B8eccidn 1.16(b), (¢) y (&)
(preséntaciénrde reivindicacioneslextras)

[ 1 37 C.F.R. Seccibn 1.16(e) ({(=sobrecargo para

pregentar los derechos de presentacidn
basicos y/o declaracién en una fecha
despuéa de la fecha de presentacidn de la

solicitud)

[} 37 C.F.R. Seccidn 1.17!(a) (1)-(5) (derechos
de extensién conforme a la Seccidn
1.136(a}.

['1 37 C.F.R. Seccidn 1.17 (derechos del

procesamiento de la solicitud)
{1 37 C.F.R. Seccidén 1.18 (derechos de
expedicién en o antes el envio de la

Notificacién de Autorizacién, conforme a

37 C.F.R, Seccidédn 1.31(b))"

154 Instrucciones en cuanto al Sobrepago

fﬁ?[ ] cuenta de Crédito No. .
[ ] Reembolso
16@§mireccién de Correspondencia
iﬁ;No. de Cliente 22206

Respetucosamente Enviado,

1b/25/04 (£irmado)

FIRMA DEL PROFESIONAL

No.: 36,0580 R. Alan Weeks




lde Ciudadania Primario::

de Residencia:

'Pai@éde Residencia::

ld de direccidén de correo::

de direccién de correo::
o Provincia de la
nidn de correo::

fle direccidn de correo::

codigh postal de direccidn de correo::

Tipp He Autoridad del Solicitante

Paig fle Ciudadania Primario::

Paigf@e Residencia::

Ccalle|de direccién de correo::

de direccidn de correo::

0 Provincia de la

e 1én de correo::

o Provincia de Residencia::

» 0 Provincia de Resgidencia::

X

Cuba
Capacidad Completa
José de Jesis

de la Fuente

8tillwater

OK

EUA

400 Squires
landing, Apt. M-5

Stillwater

OK
EUA

74074

Inventor

EUA

Capacidad Completa
Katherine M.

Kocan

Perkins

OK

EUA

3909 E. 92nd
Street

Perkins

OK



b

Tiﬁﬁude Autoridad del Solicitante
Tr%#»:
Pa%& de Ciudadania Primario::

de direccién de correo::

c6@£$o postal de direccidén de correo::

diﬁaﬁéién de correo::

Paf

ide direccién de correo::

g de Residencia:
o' 0 Provincia de Residencia::

#le Residencia::

229

EUA

74059

Inventor

México

.Capacidad Completa

Consuelo
Garcia-Almazén
Stillwater

OK

EUA

835 Connell

Stillwater

OK

EUA

:: 74075

Inventor

EUA

Capacidad Completa
Edmour F. |
Blouin

Perkins

OK

EUA -
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Ca%xﬁfde direccién de correo:: 3908 E. 92nd
% : Street

Ci.& d de direccidn de correo:: - Perkins

Esﬁ%:@ o Provincia de la

diﬁ;%¢ién de correo:: OK

Pai%%ye direccién de correo:: EUA

Céd&éé postal de direccidn de‘correo:: 74059

Inf%}f"cién de Correspondencia

Cor%f-pondencia del Cliente No:: 22206

Inforgacidn del Representante

NGm - del Cliente del | 22206

Repyegentante

Ing i acidn de Prioridad Nacional

Solﬁ> » Tipo de Solicitud Presentacidn
Continuidad:: |Original:: _Original::
Continuacién 10/425,563 04/29/03
en parte |

10/4{, No 60/376,251 |04/29/02

? Provisional |

de

Infohv ci6n de Prioridad Extranjera

pai Nimero de Fecha de. Prioridad

Solicitud:: presentacidn:: | reivindicada::
Si o No
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NJ?IGENOS ¥ VACUNAS PROTECTORES PARA EL CONTROL DE
- INFESTACIONES POR GARRAPATAS MOLTIESPECIES

R REFERENCIA CRUZADA A SOLICITUDES RELACIONADAS
fOOOl] Esta solicitud es una continuacién en parte
de %agsolicitud de patente norteamericana No. de Serie
10/%?%,563 copendiente, presentada el 29 de abril del
2005; esta.solicitud gque reivindica el beneficio de la
soliqﬁﬁud de’patenté provigional norteamericana No. de
Ser#% 60/376,251 presentada el 29 de abril del 20n2.
Amb&#‘SOlicitudes de prioridad anotadas son incorporadas
en id_presente por referencia
| ANTECEDENTES DE LA INVENCION
CaméﬁrTécnico:

‘ié;ooozl La presente invencién se relaciona con la

ideﬁﬁificacién de antigenos protectores contra

inf}Q acidén de garrapatas, secuencias de genes y

pro \ nas codificadas para tales antigenos,‘vacunas
‘reL?@@onadas_y métodosg Gtiles para inducir una respuesta
in ?&{ en mamiferos, los cuales protegen contra un amplio

ra %} de especies de garrapatas.

buﬁy?orferi {enfermedad de Lyme), Anaplasma

-
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phagopytiphila (erliquiogis granulocitica humans),

f{;la burnetti (fiebre Q), Francisella tularensis

austxp

cauﬁg‘

A todo lo largo del este y el sudeste de Estados
‘f  y Canada, 1a I. scapularis (garrapata de patas

5) es el vector principal de B. burgdorferi en

rifo estricto vy A; phagocytophila (Bstrada-Pefia y
Jon@éian, 1999; éarola y Raoult, 2001). Ademis de la

Ixo@a:, otra especié de garrapata de importancia médica y

Dermatentor, Rhipicephalus y Boophilus.

;f$9004] El control de la infestacidén de garrapatas es

genos para atacar un amplio rango de especies de
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garrgpatas y la incorporacidén de antigenos gque blogquean
patégéhos {de la Fuente y Xocan 2004).

'£0005] Recientemente, sge han desarrollade wvacunas

la Boophilus spp. de un solo hospedero (Willadsen,

Willadsen y Jongejan, 1999; de la Fuente vy
colﬂbwradores, 1899; 2000; de Vos y colaboradores, 2001;
de la|Fuente y Tocan, 2004). Ei antigeno recombinante B.
mic:%;lus BM86 incluido en las. formulaciones de la vacuna
‘comér ial TickGARD (Hoechst Animal Health, Australia) vy
‘ Gavac:(Heber Biotec S8.A., Havana, Cuba). también confiere
i;c1én contra los géneros de garrapatas Hyalomma Y
i;¥@phalus relacionados . filogenéticamente (de 1la
i>y_ colaboradores, 2000; de Vos y colaboradores,
“.fde la Fuente y Tocan, 2004). Sin embargo, .la
»#acién con BM8B6 falla en  proteger contra la
’ﬁma spp. filogenéticamente mas distan@e {de Vos vy
.;adores, 2001} . Estos resultados sugieren que usar

"0 un gen cercanamente relacionado para la produccién

de LVwmunas contre. la Ixodes spp. u otros géneros de

garraQatas fllogenétlcamente distantes de la Boophllus
spp"H Black Yy Plesman, 1994) seria poco préct;co. Por lo
tan  Y'permanece una necesidad de identificar candidatos
de v{iunas de mis amplio espectra contra 1nfestac1ones de
garr&}atas a través de especies filogenéticamente
dlst&vtes (de la Fuente y Tocan, 2004).

;‘:0006] En la solicitud de patente con ndmero de
ser£§’10/425,653 que da origen a esta nosotros
desex:bimos la identificacidn por ELI y la secuencia de
i}fis de clones de ADNc contra infestaciones

expe?umentalés de I. Scapularis en lo que fue un primer

LA
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ejem§i de la aplicacidén de ELI a artrépodos y
partéﬁklarmente a garrapatas (Almazé&n y colaboradores,
2003;§Qb). Se crey® que estos antigenos protectores,
aunquﬁfidentificados para I. Scapularis, podian ser
prot&@}érés cruzados entre la especile Ixodes considerando
el al%; grado de éonse;yacién de la secuencia de genesg vy
|  ‘£6n de proteinas entre especies del mismo género.

ciert@§7antigenos protectores exhiben actividad y gon

07] Sorprendentemente, se ha descubierto gue
expreéﬁ?os a través de especies de garrapatas, y en
algunagjcircunstancias a través de géneros, lo gue hace
posiblejel uso de antigenos comunes en un amplio rango de
formulagiones de vacunas contra garrapatas.

BREVE DESCRIPCION DE LA INVENCION

[@Q}S] En la solicitud que da origen a esta, se
identifﬁ?aton numerosos antigenos protectores derivados
de la ingcapularis y demostraron poseerkpropiedades
protecﬁdfas contra infestaciones de garrapatas de I.
Scapul%ﬁfs. Entre estos antigenos habia clones §
polipépﬁﬂdos asociados designados 4D8, 4F8 y 4E6, Agui

e e et e

se demuﬁ? ra que la actividad de estos antigenos
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[0011] En concordancia, en una modalidad de la

regente invencién se proporcionan secuencias de ADNc,
1 -5
agmentos codificadores de proteinas de los mismos, y

souencias de proteinas derivadas para los antigenos




éfnecies de garrapatas, en donde la composicidén de las

arunas comprende ademés un portador o diluyente
rmacéuticamente aceptable. La composicién de la vacuna
bién puede ser opcionalmente combinada con componentes
p#iégenos originados por las garrapatas para proporcionar
7* medio para controlar 1nfe001ones orlglnadas por las
@#xrapatas, en donde la composicidén de la vacuna
cfmprende ademés un portador o diluyente
f;rmaceutlcamente aceptable y un ayudante.

[0013] En otra modalidad de la presente invencidén se

& un mamifero para proporcionar proteccidn inmune, lo
| ]

oporciona un método para inducir yna respuesta inmune

eial reduce o afecta las infestaciones por las garrapatas

f@@jetivo y/o la transmisién de patégenos originados por

ﬁ}}s garrapatas, el método comprende administrar a una
f%gblacién humana y a una reserva mamifera en riesgb una
c}ntldad efectiva de una vacuna que comprende las

’g oteinas recomblnantes protectoras y/o ADNC modificados
“”gio o en combinacién con un ayudante o componentes de un
';i}tégeﬁo originado por garrapatas para proporcioconar
jﬁfdios para controlar infestaciones de garrapatas y para
’L-ducir la transmisidn a humanos de infecciones
' Eiginadas por garrapatas, en donde .la coﬁposicién de la
ﬂ;;cuna comprende ademis un portador o diluyente
3ﬁ rmacéuticamente aceptable.

[0014) Un mejor entendimiento de la presente

3i vencién y sus objetivos y ventajas serd aparente para
uel con habilidad en el arte a partir de la siguiente
‘f{scripcién detallada, en donde se describen solo las

. flodalidades preferidas de la invencidn, simplemente a

e
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-;pr de ilustracién del mejor modo contemplado para
var acabo la invencidn. Como sg llegard a enténder,

invencidén es capaz de modificacioned en varios

‘f'jctos obviog, todos sin alejarse del alcance y
- egpiritu de la invencidn. En concordancia, la
cripcidn solo debe considerarse como de naturaleza

nstrativa y no restrictiva.

BREVE DESCRIPCION DE LOS DIBUJOS

[0015] La FIGURA 1 esg un resumen del acercamiento

,I alvADNc utilizado para identificar antigenos :
pteétores contra la infestacidén de I. Scapularis.

- [0016] La FIGURA 2A es un gréficquue muestra 1os
sultados de la seleccién primaria de los conjuhtos de
JCv{A - H1 - 4, A5) por ELI. V, ratones de control

: ectados con 1 ug del vector de ADN solo. *a<0.01, **g
'35.05 (Prueba post-hoc de Tukey para comparaciones
w‘areadas después de ANOVA). Los nimeros en las casillas
presentan valores para la inhibicién de la infestacidn
gvf& garrapatas respecto al griupo de control. |

| f0017] La FIGURA 2B es una grafica que muestra los
¥ Qesultados de la seleccidn primaria de los conjuntos de

; i-Nc (A6-Al0, B-H 5-8) por ELI. V, ratonéé de control
i :nyectados con 1 ug del vector de ADN solo. *a<0.01, **o.
0.05 (Prueba post-hoc de Tukey para comparaciones
“mpareadas después de ANOVA). Los nimeros en las casillas
ffepresentan valores para la inhibicifn de la infestacidn
. Pe garrapatas respecto al Qrupo de control.

[0018] la FIQURA 3 es una grédfica de los resultados
- “ide una seleccidn terciaria por ELI de los subconjuntos de

Sﬂ?ADNc formados de‘acuerdovcon la funcidén predicha de las




_iteinas codificadas. Solamente se muestran los grﬁpos
, I = 15% (barras blancae). El nimero de larvas

;wordadas por ratdn se expresa como la media + DE

rras negras). Los ratones de control fueron
ectados con ADNc mitocondrial (MT). *P=0.05 (Prueba de
t de Student)

DESCRIPCION DETALLADA DE LA INVENCION

[0019] Antes de explicar la presente invencién en

skalle, es importante entender que la invencién no se

if ita en gu aplicacién a los detalles de la construccién
ﬁﬁ strada en los pasos agui descritos. La invencidén es
! az de otras modalidades y de ser practicada o llevada

acabo en una variedad de formas. Debe entenderse que la

[0020] En la solicitud que da origen a é&sta, se
;oporgionaron 25 secuencias sepa¥adas y distintas que
?ﬁjmprendian 14 moléculas de ADNc clonadas y 11 secuencias
i aminodcidos deducidas de polipéptidds codificados,
fﬁfchas secuencias han sido aisladas e identificadas como

§§

.

otectoras contra I. scapularis de acﬁerdo con la
guiente metodologia experimental descrita.
Ejemplo 1: Construccién de una libreria de ADNc del
I.scapularis y tamizado de antigenos protectores

por ELI.

'j;;lulas de garrapata

[0020] Monocapas de células IDEé (ATCC CRL 1973);'
\rivadas originalmente de I .scapularis embrionarias, se
ntuvieron a 31°C en medio L-15B suplido con 5% de suero

stal bovino, caldo de triptosa de fosfato y concentrado
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d@Qlipoproteina bovina de acuerdo con Munderloh y
a@@aboradcres (1994) . Las células fueron subcultivadas

en |subcultivos a 1:5 - 1:10 cuando las monocapas

[0022] Se construyd una libreria de expresién de
ADNC en el vector pEXPLl gue contenis el promotor del
fﬂfrte citomegalovirus CMViz (Clontech). Como planedbamos
Jg%wéar lag etapas larvales tempranas de I. gcapularis,
%ﬁfccgimas construir nuestra libreria a partir de boli(A)+

derivado de cultivos de células IDES embrionarias de

scapularis. La libreria de ADNc contenia 4.4 x 10°

‘promedio del ADNc fue de 1.7 kb (0.54 a 4.0 kb).

[0023] El esquema general para la identificacidn de

cémtigenos protectores por medio de ELI, fraccionamiento
. decuencial y andlisis de secuencia se muestra en la

 ]igura 1.

[0024]) Se prepararon noventa y seis placas LBA

'  maestras) gue contenian un promedio de 41 (30 - 61)
‘;élones de ADNc por placa. Se hicieron réplicas de cada
:i»laca vy log clones de cada placa fueron agrupados,
“inoculados en Luria-Bertani con 50 ug/ml de ampicilina,
'G recidos por 2 horas en una placa de 96 cubetaz y el DNA
1f e plasmido se purificéd de cada conjunto (sistema de

f? urificacidn de DNA de plésmido Wizard SV 96, promega,



ﬁa%ison, WI, Estados Unidos de América). Se utilizaron
{?ones hembra BALB/c, de 5 - 6 semanas de edad al

wihento de la primera vacunacién. Los ratones se

‘nembra. Doce horas después de la infestacién de
; jrrapatas, ge contaron las larvas'que no se sujetaron

swra calcular el nimero de larvas unidas por ratén y los

: . -
tptones se transfirieron a jaulas nuevas. Se recogieron

X
 diariamente las larvas repletas que calan de cada ratén y

8¢ contaron por 7 dias. La inhibicidn de la infestacidn

A garrapatas (I) para cada grupovse calculd respecto a

lios controles inmunizados con el vector como [1-

'{(cRL>n/<RL>c % <RL»ic/<RL>in)] x 100, en donde <RL>n es

#1 nimeroc promedio de larvas repletas recuperadas por

ratdn de cada grupo de prueba , <RL>c es el nlmerc
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edio de larvas repletas reduperadas por ratdn del

pro
g#dﬁo.de control, <RLsic es el nlmero promedio de larvas
uni‘as por ratén para el grupo de control, y <IRsin es el
wero promedio de larvas unidas por ratén para cada
gn*?o de prueba.

b [0025] Los conjuntos de 41 (30 -~ 61) clones de ADNc
déf;, scapularis se seleccionaron por ELI. Solamente se
aﬁahizaroﬁ 33 conjunteos de ADNc por experimento. El nivel
déﬁihfestacién promedio de garrapatas fué de 50131 vy
555}5 Yy 54:18 larvas/ratdn para los ratones inmunizados
c@ﬁiADNc v los contfoles, respectivamente (P»>0.05) (fabla
13!; El nGmero promedio de larvas engordadas recuperadas
p§% rat6n fue de 933 v 13+4 en los ratones inmunizados
con ADNc v 1644 v 17+3 en el grupo Ee control inmunizado

con vector (P<0.05) (Tabla 1). No se observé una

r#f‘ccién en el nimerc de larvas recogidas de los ratones
qp& recibieron el ADN vectorial en comparacién con los
c@d*roles inmunizados con solucidén salina. El nfimero
mig'mo de larvas engordadas se recogi®é 3 a 4 dias

después de la infestacidn. Sin embargo, en los ratones

(E;xuréZ) se registrd un retardo en el desarrollo de la

lﬁ{ a en 1 o 2 dias. La inhibicién promedio de la

seleccionaron 9 conjuntos protectores (351 clones) que
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cjc}es de ADNc considerando la complejidad del genoma de

la garrapata. Sin embargo, para nuestra sorpresa se

idg';iﬁicaron 9 conjuntos de ADNc protector después de. la
s&%_ccién de 66 conjuntog que contenian wds de 2705
clo
P
eﬁff
de

es de ADNc. El resultado.probablemente refleja la
bilidad de interferir con infestaciones de garrapatas
chos niveles diferentes que involucran una pléyade
Foductos genéticos. Los resultados de la vacunacién
cmﬁ xa las garxapataé empleando antigenog recombinantes
saﬁientan esta visién (revisados por Mulenga vy
c&ﬁjboradcres, 2000). Debido a la complejidad del
pf@jadimiento de seleccidén en ratones vacunados y
p£ 1aaos con larvas de garrapatas, era dificil trabajar
c@%:més de 9 conjuntos de ADNc protector. por lo tanto
npf ontinuamos seleccionado nuevos conjuntos de ADNc Y
e@@ camos nuestra atencidn en los nueve conjuntos
séi ccionados después de la seleccidn primaria.
Qéjecaién secundaria

{0026]) La seleccidn secundaria se realizd para
veyificar la capacidad protectora de los conjuntos de
:Jic seleccionados después de la seleccidén primaria
Q#%

qéﬁjuntos de ADNc (2705 clones) se seleccionaron 9

gura 2A y 2B). Deapués de la seleccidn primaria de 66

'qujuntos con I = 60% para esta seleccién secundaria

Ci@seleccién) empleando 5 ratones por grupo Come seé
¢ g

egcribe arriba. Las larvas engordadas se dejaron para

cambiaran de piel en una atmbsfera con humedad del-

El cambio de piel de las larvas engordadas fue
%ﬁ%luado por examen vigual de las ninfas de garrapata

: ﬁﬁfa un estereomicroscopio 34 dias después de la Gltima




ré@éleccién de larvas. La inhibicidén del cambio de piel
(ﬁ?lpéra cada gfupo ge calculd respecte a los controles
inmynizados con el vector como [1*(MLn/MLc X RLe/RLn)) x
100;donde MLn es el nlmero de ninfas para cada grupo de
p:gﬁba, ML¢ es el nimero de ninfas para el grupo de
cdﬁgrol, RLc es el nimero de larvas recuperadas para el
g ’ de control; y RLi es el nimerc de larvas
r:Zj:eradas para cada grupo de prueba. ‘Los ratones de

coptirol se inmunizaron solamente con un conjunto negativo

_j_o%) de solucidén salina. Un grupo fue incluido sC

ffizado con dos dosis de 100 ug de proteinas de

as IDE8 de garrapata por dosis en el ayudante

: pleto de Freund.

[0027] Todos losg 9 conjuntos de ADNc dieron
re%istados positivos en la seleccidén seéundaria (no se
mu&f}ran los datos). los niveles de infestacidn de
garﬁupatas fueron mis altos en este experimento (promedio
85&6 y 84:+3 larvas/ratdn para ratones inmunizados con
ADﬁc‘y de control, respectivamente;. P>0.05). 8Sin
embrago, el nilimero promedio de larvas engordadas
reéﬁ}eradas por ratdén fue de 3917 y 2616 para los ratones
de apntrol e inmunizados con ADNc, respectivamente
(Pwd~05). El grupo inmunizado con células IDE8 totales

de:g@rrapata se protegieron con I = 33%. Nuevamente, no

costtoles inmunizados con solucién salina.
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V {00281 En la seleccidn secundaria, el cambio de piel

dé;ias larvas engordadas se evallio después de 34 diés.

Ei~$ambio de piel fue afectado en todos los grupos de

rugba inmunizados con ADNc salvo uno. La inhibicién del

fio de piel en los ratones de prueba inmunizados con

egpgidas de ratones inmunizados con los conjuntos de
B5 y Al0, los cuales demostraron un retrasoc en el
arrollo de la larva en 1 o 2 dias en la seleccibn
maria. No se observaron diferencias entro:los ratones
control inmunizados con ADN¢ y solucidn salina5 ’Entre
larvas que no cambiaron de piel a ninfas, algunas
aban visiblemente dafladas y presentaban una fuefte '
bracién roja. El porcentaje de larvas en los ratones
ﬁnizados con ADNc varid entre 3% a 18% (745%) mientras
en los grupos de control inmunizados con solucidén
iﬁa’y ADNc las larvas rojas representaron el 6% y el

- regpectivamente,

eccidn terciaria.

[0029] Para la seleccidn terciaria, se agruparon 64

&dones en 16 subconjuntos cada uno con 1 a 17 plésmidos

“acuerdo con la funcidn predicha de las proteinas,
sdificadas (por ejemplo todos los plasmidos que
i_ifiqaron proteinas de histona se agrupafon jﬁnﬁés) y
utilizaron con 4 subconjuntos que eontenign”lsév
aonesvde funcién desconocida o consecuencias sin
lbgia a las bases de datos de secuengias para

munizar 4 ratones por grupo. Los ratones se
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mmpnizaron con 0.3 Og/plésmido/dosis en PBS de 50 Ol vy

:¢;v51uaron como se describe arriba. Los ratones de
cqﬁﬁrol se inmunizaron con un conjunto de 20 plésmidos
qﬂgfgontenian ADNc mitocondriales.

hwd o030} Los’niveles de infestacidén de garrapatas
f@%ﬁon similares en todos los grupos de prueba (7212
léﬁkas/ratén) y en log ratones de control (6912
lggwas/ratén). El nGmerc de larvag engordadas
frééﬁﬁeradas por ratdn también fue gimilar entre los
r&gbnas de prueba (16+7) y los de control (1416)

(P£p.05). Sin embargo, los grupos inmunizados con los

”{ onjuntos de ADNc que contenian clones con.

opeptidasa putativa, nucleotidasa, proteinas
rﬁfusomales, proteinas de choque térmico, proteinas ricas
eﬁwélutaminajalanina y 3 de los subconjuntos con funcién
d@%~onocida o secuencias sin homologia a las bases de
@ﬁfﬁ% de secuencias tenian I = 15% (Figura 3). Mé&s aun,
aﬁQre ellog, los gruposg inmunizados con subconjuntos que
caétenian clones con endopeptidasa, nucleotidasa
ﬁhiativas y dos de los subconjuntos de ADNc con funcidn
dézconocida o congecuencias sin homologia a las bases de
i@f@a de secuencias resultaron en un niveles de
iﬁ;estacién inferiores comparados‘ con los ratones de
dﬁFtrol.(Ps0.0E) y I = 40% (Figura 3.) Se seleccionaron’
»8 clones hombélogos a las proteinaé del corién,

qgeptores de de viteloginina, y proteinas de

rerzonocimiento de péptidoglucanos por su capacidad de

Jfrapata.
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Aﬁﬁ%isis estadistico

[0031] El nlmero de larvas unidas por ratén y el

nﬁi*ro de larvas engordadas por ratén 7 dias después de
15 =nfestaci6n ge compararon por Andlisis de Varianza
(%ﬁiVA) seguido después por una serie de pruebas post hoc

dﬁﬁjukey para comparaciones apareadas entre ratoneas

mnizados con ADNe y ratones de control inmunizados con

pogitivo y los conjuntos de F2 ADNc negativos

51

eccibn secundaria) o entre ratones dé prueba

nizados con subconjuntos de ADN¢ y ratones

Mmunizados con ADNe mitocondriales (seleceidn
tefciaria) .

Ejemplo 2: Andlisis de la secuencia para clones

protectores
[0032] Todos los 351 clones de ADNc en los 9
;juntos gue resultaron posiﬁivos en la seleccidn
éﬁﬁundaria fueron secuenciados. EI1 ADN de clones

ih@ividuales de estos cinjutos fue purificado (sistema de

mgificacién de ADN plismido Wizard SV 96, Promega) de la

é&jutilizo BLAST (Altschul y colaboradores, 1990) para
ﬁﬁ#car en las bases de datos NCBI para identificar
puencias clonadas anteriormente gue pueden tener

5logia con aquellas que nosotros habiamos secuenciado.




El ‘gnédlisis de las secuencias permite agrupar los clones
de acuerdo con la identidad de la secuencia a las bases

de datos de ADN y predecir la funcién de la proteina.

Loa| clones protectores gue se geleccionaron después de la

seleccidn terciaria fueron secuenciados completamente. .

[0033] La comparacién a las bases de datos de
secuencias permitié identificar genes reportados
o

qlqnes (Tabla 2). El cincuenta y siete por ciento de las

viamente con funcidn conocida en 152 (43%) de los

gefuencias eran homdlogas a genes con funcidén desconocida

¢ no tenian identidad significativa a secuencias

‘j}ortadas previamente {(Tabla 2). De los clones con

rgceptores de vitelogenina, proteinas de reconocimiento

de peptidoglicano, proteinas ricas en glutamina-alanina,
'pyOteinas ribosomales y proteinas de chogque térmico.
esumen de los resultados

{0034] Los resultados obteﬁidos con los diferentes

:@lones protectores identificados en el listado de la

i

;g@cuencia, junto con ciertas proteinas expresadas
‘d}leccionadas, ge resumen en la Tabla 4.




£ J,[0035] SEQ ID NO:1 denota el clon designado 4E6, en
ft;e el fragmento codificador de proteina relevante ha

f identificado como que comprende los residucs 1 -

con el polipéptido mostrado en SEQ ID NO: 2.

- [0036] SEQ ID NO:2 denota el clon designado 4D&, en

ff_ el fragmento codificador de proteina relevante ha
f :identificado como que comprende los residucs 80 -

%lglos cuales codifican el polipéptido mostrado en la

D NO:4.

[0037] SEQ ID NO:5 denota el clon designado 4F8, en

 ‘ el fragmento codificador de proteina relevante ha

'f fidentificado como que comprende los residuos 1 -

:%flos cuales codifican el polipéptido mostrado en la

[0038] SEQ ID NO:7 denota el clon designado 4G1l, en

el fragmento codificador de proteina relevante ha

si@éﬂidentificado como Que comprende los vegiduos 1 -
o cuales codifican el polipéptido mostrado en la
[ID NO:8.

1100391 SEQ ID NO:9 denota el clon designado 4D6, en

doﬁ&g el fragmento codificador de proteina relevante ha

sidol identificado como que comprende los residuos 198 -

1028

los cuales codifican el polipéptido mostrado en ia

SEQ ID NO:10.

1100401 SEQ ID NO:11 denota el clon designado 3ELl, en

dond? el fragmento codificador de proteina relevante ha

sidajidentificado como que comprende los residuos 3 ~

578,

' los cuales codifican el polipéptido mostrado en la

34D NO:12.
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{0041] SEQ ID NO:13 denota el clon designado 1C10,

en;'oﬁde el fragmento codificador de proteina relevante

hé ido identificado como que comprende los residucs 1 -
1Ll1£ los cuales godifican el polipéptido mostrado en la
SEQiiD‘NO:14. |

52%,[0042] SEQ ID NO:15 denota el clon desigﬁado 3E10,

eﬁjﬂénde el fragmento codificador de proteina relevante

hq*j;do identificado como que comprende los residuos 51 -
154
SEQ|ID NO:16.

3
T

; los cuales codifican el polipéptido mostrado en la

1 10043] SEQ ID NO:17 denota el clon designado 4Fil,

onde el fragmento codificador de proteina‘relevante
ido identificado como que comprende los residups 31 -
395, los cuales codifican el polipéptido mostrado en la
i";DANO:18H |

; [0044] SEQ ID NO:1% denota el clon designado 3Cl2,

éﬁ Honde el fragmento codificador de proteina relevante

'hﬁ .do identificado como que comprende los residucs 6 -

- los cuales codifican el polipéptido mostrado en la

[0046] SEQ ID NO:22, 23 Y 24 denotan respectivamente

l-;‘clones designados 1A%, 1B2 y 4A4, donde cada uno

[0047] Ahora se ha descubierto qgue ciertos de los

ﬁffigenos protectores exhiben actividad y se expresan en
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gartrapatas a través de las especies, vy en ciertas
cirwpnstancias a través de los géneros, haciendo posible

asflel uso de antigenos comunes en formulaciones de

"y

vigmnas contra garrapatas de amplio espectro.

Eﬁxgplo 3: Extensidén de antigencs protectores de I.
s%fJularis a otras especies de garrapatas

"fdos

'Tﬁccién de ARN y trangcripeidn revertida (RT)-PCR

' [0048] El ARN total se extrajo de los intestinos y

gléndulas salivales disectadas de 30 hembras de I.

‘f}ularis sin alimentar, aproximadamente 100 y 1000
.;as y larvas de I. scapularis, respectivamente, la

& de huevos depositados por una hembra de I.
'*:ularis, gléndulaé salivales disectadas de 10 machos
ariabilis, glandulas éalivales e intestinos

ctados de 20 adultos de A. americanum y R.

r\jﬁnos. El ARN total se extrajo de muestras de
g@;iapatas homogenizadas usando Reactivo TRI (Sigma),
%E?pto para el ARN de I. ricinos y B. microplus el cual
s@,;xtrajo usando el Kit ARN Istapur (Eurogentec,
Séahing, Bélgica) y el kit Rneasy (Qiaggn, Valencia, CA,
E@&édds Unidos de América), respectivamente; de acuerdo
c@ﬁ las instrucciones del fabricante. La pelotilla de
Aﬁﬂ{final fue resuspendida en 50 - 100 ul de agua estéril

dégionizada, tratada con dietil policarbonato. Las

reatciones RT-PCR se realizaron usando el acceso al

siﬁkema RT-PCR (Promega, madison, WI, Estados Unidos de

AmErica). Un uL de ARN se transcribo de manera reversa

N
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e@iﬁO uL de una mezcla de reaccidén (1.5 mM de MgSO,,

virma”lx de mieloblastosis aviaria (AMV) amortiguadcr de

r@a;cién RT/Thermus flavus (Tfl), 10 mM de hexamero
aie‘torio, 0.2 mMde ca&a trifosfate deoxinicledsido
(ﬁ%;P), 5U AMV RT, 5u Tfl DNA polimerasa (Promega), 10
pﬁé? de cada iniciador) a 48 °C por 45 minutos. Después
d% ‘ minutog de incubacidn a 94°C, se realizd PCR en la

migma mezcla de reaccidén con iniciadores especificos y

B

COES

de gontrol se realizaron utilizando los mismos

diciones de amplificacidén (tabla 5). Las reacciones

p@g@edimientos perc sin control RT para contaminacidén de

Aﬁﬁfen las preparaciones de ARN y sin agregar ARN para

rolar la contaminacidén de la reaccidn de PCR. Se

c@ﬁg
r@g;izaron controles positivos de la reacciédn PCR con DNA
dg ;1ésmido que conéenia un ADNc de garrapata clonado vy
c&ﬁ?ADN del genoma extraido de células IDE 8 de I.
ség@ularis. A los productos del PCR se les realizd

: -
troforesis en geles de azarosa al 1% para revisgar el
‘ﬁo de los frggmentos amplificados por comparacidén con-
Zi:rcador de peso molecular del ADN (1 Kb PLus DNA
'&er, Promega) .
Cﬁdgacién y secuenciamiento del 4D§ de D. variabilis, A.
am&iicanum v B. microplus. \ ‘
[0049] Los fragmentos del ADN& 4Déﬂde D. variabilis,-
A. americanum y B. microplus se amplificaron por RT-PCR y
se @lbnaron en pGEM-t (Promega). Se secuenciaron cuatro
cﬁqjes de cada uno en la Instalacidén de Secuenciamiento
dé yicleos, departamento de Bioquimica y Biologia
Mé@?cular, Centro de Investigacidén Noble, Oklahoma State

Uﬂi%ersity.
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ynacién de conejos y prueba con ninfas de I.

_uiaris, D. variabilis y A. americanum

| [0050] Se disefi® un experimento para evaluar el

ito de los antigenos protectores contra garrapatas en

setapas de ninfa de I. scapularis, D. variabilis y A.

L

ricanum. Un conejo blanco de Nueva Zelanda por grupo
inmunizd con tres dosis (gemanas 0, 4 y 7) que
fenian 50 ug/dosis de proteinas 4F8 y 4D8 purificadas

iptido sintético 4E6 derivado de I. scapularis, una
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&@ﬂlas ninfas engordadas se determind en grupos

e@w*rlmentales respecto a las ninfas recolectadas del

he 3ct1vamente. La expre31én de mARN de 4F8, 4D8 v 4E§
sa-detectd en todas las etapas del desarrollo de I.
sfg%ularis y en los intestinos y las gléndulas de

g&ﬁﬁapatas adultas (Tabla 6). Las reacciones de control

ampilflcados de ADN era mayor al tamano de los fragmentos
de}%lmc, probablemente debido a la presenc1a de
se?kﬁnc1as de 1ntr6n en los genes analizados (Tabla 6).
“';[0052] La conservacién de la secuencia y la
exﬁ#?sién de 4F8, 4D8 y 4E6 se analizé en éspecies
reia‘ionadas a la I. scapularis, I. pacificus e I.
ri¢i3os, y en D. variabilis, R. sanguineus, B. microplus
v Af-Americanum por RT-PCR (tabla 6) usando los

ini¢iadores derivados de las secuencias de I. scapularis

(Tqbﬂa 5). La expresién se detectd en I. ricinus para

todo‘ los tres genes y en I. pacificus para 4D8 y 4E6.
Lafé presién de 4D8 también se detectd en D. variabilis,
. icroplus, R. sanguineus y A. americanum.

Sedﬁ” cia de 4D8 de D. variabilis, A. americanum y B.

i
R

mid%w Jus.



‘ 3'[00533 Las secuencias de los ADNc de 4D8 de D.
vazjabilis, A. americanum y B. microplus y éus secuencias
de fminoécidos deducidas se proporcionan en SEQ ID NOS:
26 ~ 31. Las secuencias asociadas con el antigeno
pﬁ@ﬁeétox contra garrapatas asociado con el antigeno
pné&ector 4D8 derivado de la Rhipicephalus appendiculatus
sé;gyoporciona en SEQ ID NOS: 38 - 39,

Pﬁﬁpiedades protectoras de los antigenos de garrapata
cé@gra la infestacién de ninfas de I. scapularis, D.
vq@iabilis y A. americanum.

[0054] La deteccién de la expregidn de 4D8 v 4E6 en

cies de garrapatas diferentes a la Ixoda fue la base

eﬂQ 
pa#  el experimento en el cuales conejos se inmunizaron
cdhzantigenos protectores derivadoévde I. scapularis y se
pﬁ@ﬂaron con larvas de I. sacpularis, D. variabilis y A.
aﬁ%@ia&num. Los resultados sugieren un efecto de la
iﬁfr@mzacién con 4D8 sobre la inhibicién de las

iﬂﬁ.ﬁtaciones de ninfas en todas las tres especies de

g@ﬁ?\patas y un efecto notable sobre las ninfas de D.

v@?ﬁ bilis reflejado en el nlmero de garrapatas

v%ﬁiblemente dafiadas y en la reduccién del peso de las
nﬁg!as engordadas (Tabla 7). La inmunizacidn con 4F8
tdvd\ﬁn efecto solamente sobre las, infegtaciones de
ninflas de I. scapularié y el efecto de la inmunizacidn
con 4E6 ge reflejd en las infestaciones de A. americanum
yiaﬁ el peso de las ninfas engordadas de D. variabilis
(ﬁ%ﬁia 7). El efecto sinergistico de la inmunizacidn con
tq@ée los tres antigenos se observo para el 4D8 en las

n#p@as de I.scapularis (Tabla 7).
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[0055] El experimento 3, entonces, demuestra la

s;{»xesiva utilidad de usar los antigenos protectivos

(ppH ejemplo respuesta de las células T del sistema

imngne) gque reconozca un epitope de la secuencia de
amippécidos mostrada en el Listado de Secuencia,

ingluyendo menos de una secuencia de ADNc completa o

pr@@wcto de la fusidén del antigeno o fragmento y otra

proteina, con la condicién que la proteina que se produce

se&@yncias de aminodcidos dadas.
[00587] Como resultado, la invgpcién abarca

se¢u§ncias‘de ADN que codifican y/o expresan en las

céiﬂias transformadas apropiadas, proteinas gue pueden
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sér;la longitud completa del antigeno, fragmentos del
aﬁtigéno, derivados del antigeno o el producto de la
fﬁsﬁén de tal antigeno, fragmentos de antigeno o

dérmVados de antigeno con otra proteina.

. '{0058] Como podré. ser apreciado poxr aguellos de

"Llldad ordinaria en el arte, una secuencia de
npeledtidos que codifica los antigenos de la invencién o

vérfiantes de los mismos puede diferir de las secuencias

n'_yvas agui presentadas debido a degeneraciones del
c}ﬁén, polimorfismos del nucleétidq, o sustituciones,
eiﬁ inaciones o inserciones de nucledtidos. Mientras que
muestran varias modalidades de tales moléculas en el
Ijgtado de Secuencia, debe entenderse que dentro del
q&:texto de la presente invencién, la referencia a una ©
‘de estas molécﬁlas incluye variantas.que ocurren
8 @ralmente y/o secuencias sintéticas gue son
tancialmente simiiares a'las secuenciag aqui
prgporcionadas, y, donde sea aprbpiado, la proteina
éi%cluyendo péptidos y polipéptidossy qﬁe se codifica por
éaﬁas seéuencias y 8us variantes. Como se utiliza aqui,
Ié.secuencia de nucledtidos se congidera como
?élstancialmente similar” si: (a) la secuencia de
m;;leétldos se deriva de la regién de codificacidn de un

-gé; nativo de las dlferentes especies de garrapatas

?@Qtadas v codif;ca un péptido o,polipéptido que posee




d&ﬁ rente) como resultado del cédigo genético de la

eﬁcia de nucledtidos definida en (a); o (c) la

s@? encia de nucledtidos es al menos 95% idéntica a la
seouencia de nucledtidos aqui provista, o (d) es un
lemento de cualquiera de las secuencias descritas en
(@~ c).

. [0059]) Las proteinas incluidas dentro de la presente
#ﬁgancién tienen una secuencia de aminoicidos mostrada en
éif#istado de Secuencia y los homdlogos del mismo. Otias

g@éteinas incluidas consigten de un fragmento de dicha

QQQuencia capaz de generar un anticuerpo u otra respuesta

gune la cual reconoce un epitope de una secuencia de

jnodcidos mostrada y un mutante de dicha secuencia

@}05\95% de homologia con la secuencia de aminodcidos.

QEEO se utiliza aqui, la “homologia” de aminodcidos se

aﬁ?ermina por un algoritmo de computador incorporado en

un:programa de blisqueda de una base de datos cominmente
Qﬁ:iizado en el arte, por ejemplo, como se incorpora en |
ié} programas BLAST (BLAST TM, un programa de computador)
k&#tschul y colaboradores, Nucleotid Acids res. (25) 3389
;.3402, 1997) o DNA STAR MEGALLIGN (DNA STAR MEGALIGN TM,
un:programa de computador) gque devuelve resultados
ﬁékilares en célculos homblogos.

’ [0060] La=s secuencias de nuclettidos pueden

spertarse en cualquiera de un amplio arreglo de vectores

8§ expresién por una variedad de procedimientos. tales

sl -

[=2d
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propedimientos y otros se consideran conocidos por

aﬁuellos con habilidad en el arte. Vectores apropiados

ihé{uyen secuencias de ADN cromosomal, no cromosomal, v
sintéticas; por ejemplo, derivados de $V40, plésmido
badteriales, ADN de fagos; plasmidos de levadura,

wﬁﬁﬁores derivados de combinaciones de plédsmidos y ADN de

gos; ADN viral tal como baculovirus, vaccinia, virus de

icela, pseudorrabia, etc. La secuencia de ADN
apAepiada debe ser unido operativamente en el vector a
'secuencia de control de expresidn (promotor) para
Qﬂiigir la sintesis de'mARN. Como ejemplos
x@lresentatlvos de tales promotores, se pueden mencionar
px motor LTR o §V40, el lac o trp de E. coli, el promotor
1a; da Pl del fago y otros promotores conocidos por
trolar la expresidn de genes en células procariéticas
§ ‘ucari6ticas o sus viruses. El vector de expresién
ién incluye una secuencia no codificadora para un
witlo de unién de ribosoma para el inicio de la
3t£aducc1én y un terminador de transcripcidén. El vector

mbién puede incluir secuencias apropiadas para

gplificar la expresidn.

[0061] El vector que contiene la secuencia de ADNc

 ropiada ge describe arriba, asi como un promotor o
:;ntrol de secuencia apropiado, puede emplearse para
-Qﬁansformar un hospedero apropiado‘;ara permitir que el
.ﬁwspedero exprese la proteina., Ejemplos de organismos
'h spederos incluyen variedades de bacterias (poxr ejemplo
L& coli, Pseudomonas, Bacillus, Salmonella, etc.), hongos

fn  r ejemplo levaduras y otros hongos), hospederos

Fimales o vegetales (por ejemplo cé&lulas de ratdn, cerdo




dﬁﬁé tejido animal o humano). La seleccidén del hospedero
s@‘cohsidera denﬁro del alcance de aquel con habilidad en
aljarte.

[0062] También se entiende que la secuencia de ADNc

apxbpiada presente en el vector cuando se introduce en un

[0063] El ADNc aislado y/o el polipéptido expresado

el hospedero transformado por el wvector puede ser

wechado por métodos que se le ocurrirdn a aquel con
shilidad en el arte y utilizados €n una vacuna para la
toteccién de un mamifero, tal como perros, ganado,

@nanos, etc., contra infestaciones de especies de

agropiado fisiolSgicamente aceptable. E1 término

‘&jla vacuna descrita aqui significa que la vacuna

previene enfermedades asociadas con una especie

 rticu1ar de garrapata o reduce la severidad de la

[0064] El1 portador embleado en conjuncién con la

‘Whouna puede ser uno de una amplia variedad de

159

‘Minducir una respuesta inmune”’ cuando se utiliza respecto
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p@#tadores. Como ejemplos representativos de portadores
apropiados, se pueden mencionar aceite mineral, polimeros
ﬂintéticos, etc. Log portadores para vacunas son bien

s H -

"V?cidos en el arte y la seleccibén de un portador

'1y¢piado ge considera dentro del alcance de aquellos con

iﬁ la vacuna descrita arriba. Para propégsitos de la
wencién, la vaéuna se administra en una cantidad
ectiva. La vacuna puede administrarse por cualquiera
éﬂloé métodos bien conocidos por agquellos con habilidad
ﬁ@m‘el arte, por ejemplo, por inyeccién intramuscular,
faﬁbcuténea, intraperitoneal o intravenosga.

Alternativamente, la vacuna puede administrarse

/imtranasalmente u oralmente. Tanbién debe entenderse que

3%;Tvacuna puede incluir compohentes activos, tales como
?3$t6genos generados por las garrapatas o ayudantes adémés
fwgl(los) antigeno(s) o fragmentos descritos arriba.

[0066] El hospedero que expresa el antigeno puede en
- mismo utilizarse para entregar el antigeno a animales
?ﬁq humanos, introduciendo células hospederas muertas o

'fiables gque son capaces de propagarse por el animal. La

dincorporacién directa de secuencias de ADNc en las

¢l antigeno in vivo. -
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Tabla 1.

o

Primer examen de la biblioteca I.

Scapugapis cDNA por ELI en ratones

| NOmero de |Niimero Nimero Inhibicién Niimero de
grupos promedioc |promedioiSD |promedio 8D |grupos
’ examinado | +8D de de larvas |de seleccionados
¢ g (nimero |larvas devoradas infestacién |para el examen
de unidas por ratdn® de secundario
clones) por garrapatas
. raton® (1)¢
Experimento |33 (1383) [50x13 943 (2-42) 39+55% 6 (I>75%)
1 /] (33-80) {-183 ~ 87% L
Controle
inmunipafios |- - - - 56413 1644 (§5-27) {- ~ - « e - - - -
con AP (45-67)
vectoriia
para al:
experimehto
1 i
Experipeptco |33 (1322) 756115 1334 (1-27) (27+28% 3 (I> 60%)
‘ (29-79) (-53 - 89%
54+18 1743 (6-28) |- ~ - - - e = -
(36-73)

contig

* Se prepararon noventa y seis placas LBA que

pen un promedio de 41 ADNc clones por placa. Se

reali@jron las repiicas y los clones de cada placa fueron:

agrug& os, inoculados, desarrolladog por 2 horas en una

placaé

de cada grupo para ELI.

e cubetas 96 v el plasmido de ADN fue purificado

Cada uno de tres ratones por

grupe fusron inmuﬁizados IM dos veces con 1 ug DNA/dosis

en 50 g PBS dos semanas aparte. Cada uno de los tres

ratohes de dos grupos fueron incluidos como controles.

Un gruf

salipa Gn

los fﬁ

larvasg

fue inyectado con el vector ADN y el segundc con

icamente.

Pouince dias después de la filtima inmunizacidn,

- por ratdmn.

Doce horas después,

ones fueron infestados con 100 I. Scapularis

lag larvas que no




se um&dron fueron contadas para calcular el nimero de

larvaa mnidas por ratén y los ratones fueron transferidos

a nuans jaulas.

, ® Las larvas devoradas gque se caen de cada ratdn
fuerﬁﬁ“recolectadas diariamente y contadas después de 7
dias. |

4 La inhibicién de la infestacién de garrapatas

cada grupo de prueba se calculd con respecto a

'§¥in)] x 100, donde RLn es el nfimero promedio de

1arv&gerepletas recuperadas de cada ratén por cada grupo

s por ratdn para cada grupo de prueba.

Tabla 2. Clagificacién de los clones en grupos

ores mediante funcién de proteina putativa de
con la identidad de las bases de datos de la

secuencia

g Funcidén de proteina putativa Nimero de clones
. |Biosintético® | ' . 2
" |Catabolismo 4
_ |adhesién de celda | 2
. |eiclo de celda® | 2
f};Citoesqueletala 8
{Defensa - o 2

“{Estructura o replica ADN*' 3

e



Tabla 3.

con la:funcién pronosticada de proteinas codificadas en

Agrupamiento de los clones de acuerdo

sub-grupos para el examen terciario,

6

@ub-grupo Clon Grupo®
(N¢r, | de clones) _
Riﬁ@*émico (17) 1A2, 1Al0, 1C11 | AL
L . 1F6 D1
2B8 AlD
2F8, 2F10 E8
3A10, 2C3, 3D2, 3D10 B4
3G9, 3G10 E3
o) 4D11, 4D12, 4R7, 4F7 F1
Proteina de 1D8, 1D11, 1E10 D1
galbrana (7) 2B12 A10
. 2H5 E8
' 3Cs B4
3GL1 E3
Pasa (6) 1ia9, 1B2, 1C» AL
2Ce AlQ
4A4 C3
i 4312 Fl
Trangpbrtador/canal | 1F4 D1
de’jcelda (5) 2H11 E8
o 4A12 C3
P _ 4G10, 4G1l1 Fi
.ﬁ%farrollo 1Cs A5
tempfapo-especifico 3F4 E3
L (e) 4C7 c3
Vitelogenina (3) 1F12 D1
(e 4A6 C3
Choque @l calor (3) 1C10 AS
3y 1F10 D1
X3 3F6 E3
Similax al EGF (2) 2H4 E8
ol 4CL0 C3
Proteima secretada 2F9 E8
_ S 12) 3C12 B4
Glutamima-Alanina 4D6, 4E6 Fl
 rita (2)
A@%gtina (1) 3El E3
Endopeptidasa (1) 4D8 Fl
Nuclgotidasa (1) 4F8 Fl

B

HEME
)




i
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Tabla 4: Resumen de los resultados con clones

0
2l

7L

I. S@&@ularis ADNc
Proteina Inhibicién |(Inhibicién | Eficacia
pronogticada de del
infestacidén [proceso de
por muda
garrapatas E (%)
I (%) M (%)
4D8§ Endopeptidasa 40% /54%+ T*/8%% 44 % [58%*
4F8 Nucleotidasa BO*/64%% 17%/-9%* E8* /g1**
1C10 HSP70 17+ ND ND
4D6! |Rico en Glu-Ala E1* 11 66*
4B6 Rico en Glu-Ala| 20%/46%%* le*% BE5*%*
3B R-adaptina 27% 5% 31%
‘ (regidén de
: apéndice) _ )
2012 Proteina TIT ND ND
_— precursora
Beta-amiloide
o (APP) _
4FR L Bloqueo de la -39% %% ND ND
; proliferacién
N Bopl
3ELY Lectina de ~48%/-10%F* ND ND
’ aglutinamiento
- de Manosa
4GRY Canal de 38 %% 30 57
i cloruro .
3C12 | Polimerasa III ~104%%% ND ND -
o ARN -
1A8; ATPasa 57 %%k ND ND
1B2,
4A4 |

‘Lps ratones fueron inmunizados con pl&smidoc ADN de

expre@i&n que contiene ADNc tal como se describié arriba

(*) o4
expregs

como se

B

n 100

mdora.

pg/dosis de proteina recombinante

a en E. Coli (**). I, My E fueron calculados

describe arriba. ND, no determinado.

***Resultados en una actividad pro-

Este efecto puede deberse a la expresién



Tabla 5. Condiciones RT-PCR para la

]ﬁ rizaci6n' de perfiles de expresién de ADNc

protéﬁjores de garrapata

ADN@jRRT—PCR primarios (5’ - 3’ ) Condicion |Tamafio | Tamafio de
g ' es PCR® de banda ADN®
banda
ADNe®
4F8 |
JAF8R5: GCGTCGTGTEGAGCATCAGCGAC [94°C, 230 972 bp |»1,600 bp
| seg
. }{SEQ ID NO: 32) 61°C, 30
./ |4F8-R: TCGCAACGGACAACGGCAGGTTG |seg
~1T{BEQ ID NO: 33) 68°C, 2
: min

4D8. "|4DBRS: GCTTGCGCAACATTAAAGCGAAC |94°C, 30

-1 (8EQ ID NO: 34) seg
st 4D8-R: TECTTGTTTGCAGATGCCCATCA 577 bp|>1,600 bp
~ s} (SEQ ID NO: 35) 56°C, 30
' seg
168°C, 1
i , min
AE6| - | 4B6R5: GAAATATCTGTGAAACCAAGGCC |94°C, 30
*. (SEQ ID NO: 36) seg
I 4E6U-R: . 138 bp |~1,600 bp
.. HATTGCACAACACATCATTAACTG (SEQ 52°C, 30
i ID NO: 37) seg
oo 68°C, 1
5 min
L.

*Las condiciones PCR se indican para los pasos

de dﬂ%naturalizacién, recocido y polimerizacidn,
respgetivamente.
iy Pealeculado de la sencuenica del inserto de oDNA

‘Egtimado del PCR del DNA genémico IDES

Tabla 6. Perfil de expresidén de los mMARN que

“5iifican para los antigenos protectores en garrapatas

1. scapularis |%- L D. Clre B.
pacificus |ricin |americanum |variabi |sanguineu |microplu
us lis s 8

& n' g | gal
giy u iva
1
mit
g Lol ~ G




Tabla 7. Resultados de la vacunacidn con

o8 protectores de garrapatas recombinantes sobre

ninfas I. Scapularis, D. Variakilis y A. Americanum

Inhibicidn de | Reduccidn en el peso de
infestacién ninfal ninfae devoradas (%)%
de garrapatas (%)*®

408 4F8 | 4E6 ] All 4D8 4F8B 4E6 All
35 39 0 63 0 0 0 0

22 0 5 8 | 32 0 27 0

® Determinado con respecto al nimero de ninfas
dev@ffdas recuperadas del grupo de control tal como se
deadg-bié arriba para las infestaciones larvales de

garﬁ? atas.

* peso promedio por ninfa devorada con respecto

al fffb de ninfas recolectado del grupo de control.

;f@b067] En vista de lo anterior, serd observado que
se i? ran algunos objetivos de la ;qvenggén agsi como se
obt@jfen otros resultados ventajoéoé; HComo varios
camﬁijs podrian ser -hechos en las anteriores moléculas de
.ADNiﬁjroteinas, etc. sin salirse del alcance de la
invéfﬁién, se pretende que toda la materia contenidaieﬁ
la §; aente descripcién o mostrada &n los dibujos que se
acaié\ﬁan se interpretardn como ilustrativos y no en un

sen@@do limitativo. Mientras la invencién ha sido

dasﬁﬁita con un cierto grado de particularidad, se




'SE REIVINDICA ES:

ighados 4D8, 4F8 y 4E6.

-

2. Una composicién de vacuna anti-garrapata

1. Un polipéptido aislado seleccionado del

frue consiste de polipéptidos derivados de garxrapata

de mﬁkﬁiples especies gue comprende el polipéptido de la

g#uticamente aceptable. e

3. El polipéptido

aislado de

’ftltido derivado de garrapata 4D8.

de mﬁ%ﬁ
reivi@‘

farma@ﬁ

fut icamente aceptable.

6. El polipéptido de

donde | el polipéptido comprende

amin¢§ﬁidos de SEQ ID NO:4.

v

donde

7. El polipéptido de la

| el polipéptido comprende

aminogdidos de SEQ ID NO:27.

NIRES

8. El polipéptido de 1la

el polipéptido comprende

4

amindﬁﬁidos de SEQ ID NO:29.

:icacién 4 vy un  portador

la
la

reivindicacidén 4,

la

reivindicacidn 4,

la

:uficacién 1, en donde el polipéptido comprende

4, Un polipéptido aislado que comprende
gngia de aminofcidos de por lo menos una de SEQ

#EQ ID NO:27, SEQ ID NO:29, SEQ ID NO: 31, o SEQ

la

5. Una composicién de vacuna anti-garrapata

tiples especies que comprende el polipéptido de la

o} diluyente

reivindicacién

secuencia

secuencia

secuencia

de

eI

de

en

de




8. El polipéptido de la reivindicacién 4, en
dondkm"el polipéptido comprende la secuencia de

aminpdkidos de SEQ ID NO:31.

10. =1 polipéptido de la reivindicacién 4, en

el polipéptido comprende la gecuencia de

dridos de SEQ ID NO:39.

11. Un polipéptido aislado que comprende una

‘” ia de aminocdcidos que es por lo menos 95% homdloga

a por|{lo menos una de SEQ ID NO:4, SEQ ID NO:27, SEQ ID

NO:2®,/ SEQ ID NO: 31, o SEQ ID NO:39.

12. Una molécula aiglada de ADNc la cual

”5¢ca un polipéptido antigénico derivado de garrapata,

‘imolécula tiene una secuencia de nucleétidos gue es

menos 95% homéloga a por lo menos los residuos 1-

SEQ ID NO: 1.

13. Un vector de expresidén gque comprende la

moléddla aislada de ADNc de la reivindicacién 12.

14. Una célula aislada transformada por el

-

vecto# de expresidn de la reivindicacidn 13.

‘”; 15. Una vacuna anti-garrapatas de mdltiples

espadjes que comprende una cantidad efectiva inmunizante

de un inmundgeno seleccionado a partir del grupo que
congigte de (i) la molécula aislada de ADNe de la

reivindicacién 12,v(ii) el polipéptide codificado por la

moléa”la aislada de ADNc de la reivindicacién 12, y (iii)

una;}i mbinacién de la molécula aislada de ADNc de la

'rei@ﬁ;dicacién 12 y el polipéptido codificado, y que

nde adicionalmente wun portador o diluyente

A%



Jéuticamente'aceptable.

] 16. Un método para inducir wuna vrespuesta

en un mamifero contra la infeStacién dé garrapatas
tiples especies y sus patbgenos asociados, que
com{3§nde administrar al mamifero la wvacuna de la
rei%iidicacién 15,

(PR

17. El polipéptido codlficado por la molécula

alsha&a de ADNc¢ de la reivindicacidén 12.

18. Una molécula aislada de._ADNc la . cual

codfﬁﬂca un polipéptido antigénico derivado de garrapata,

& | molécula tiene una secuencia de nucledtidos que es

- menos 95% homéloga a por lo menos los residuos 80-

‘4% SEQ ID NO: 3. -

19. Un vector de expresién que comprende la

molégpla aislada de ADNc de la reivindicacién 18.

20, Una c¢élula aislada transformada mediante

el ;tor de expresidén de la reivindicacién 19.

21, Una .vacuna anti-garrapatas de miltiples
aspééﬁes que comprende una cantidad efectiva inmunizante
de f&g_ inmunégenc seleccionado a partir del grupo que
te de (i) la molécula aislada de cDNA de la
rei&?Vdicacién 18, (ii) el polipéptido codificado por la
1 1a aisglada de cDNA de la reivindicacién 18, y (iii)
unagi\omblnaclén de la. lmolecula aislada de ADNc de la
reiﬂl,dlcac16n 18 y el polxpéptldo codificado, y que
Hende adicionalmente un. portador o diluyente

éuticamente aceptable.



22. Un método para inducir una respuesta

inmung en un mamiféro contra la infestacién de garrapatas

'fijtiples especies y sus patdgenos asociados, que

wande administrar al mamifero la vacuna de la

"

23. El polipéptido codificado por la molécula

aislada de ADNc de ld reivindicacién 18.

24, Una molécula aisladé de ADNc la >cua1
codi?gca un polipéptido antigénico derivado de garrépata,
:’molécula tiene una secuencia de nucleétidos que es
menos 95% homéloga a por lo mencs los residuos

de SEQ ID NO: 5.

25. Un vector de expresién que comprende la

a aislada de ADNe de la reivindicacidn 24.

26. Una célula aislada transformada mediante

or de expresidn de la reivindicacién 25.

s que comprende una cantidad efectiva inmunizante
inmunégeno seleccionado del grupo que consiste de

molécula aislada de ADNc de ‘la reivindicacidén 24,

27. Una wvacuna anti-garrapata de miltiples

e} polipéptido codificado por la molécula aislada de .

f'}{la reivindicacién 24, y. (iii) una combinacién de

f; @ula aislada de ADNc de la reivindicacidén 24 y el
polipﬁﬁtido codificado, y que comprende adicionalmente un

portaddr o diluyente farmacéuticamente aceptable.

28. Un método para inducir wuna respuesta
inmud&ﬁén un mamifero contra la infestacién de garrapatas

de mﬁiﬁiples egspecies vy sus patdgenos asociados, dJue




de administrar al mamifero la wvacuna de la

indicacién 27.
29, E1 polipéptido_codificado por la molécula
1m[wde ADNc de la reivindicacién 24.
30. Una molécula aislada de ADNc la cual
‘“fa un polipéptido antigénico derivado de garrapata,
lécula tiene una secuencia de nucledtidos que es
o menos 95% homdloga a SEQ ID NO: 26.
31. Un vector de expresidn qué comprende la
molémpi‘_aislada de ADNc de la reivindicacidn 30.

‘§’  32, Una célula aislada transformada mediante
el vettor de expresién de la reivindicacién 31.

33, Una vacuna anti- garrapata de miltiples

de un 1nmunégeno seleccionado a partir del grupo gue

~de (i) la molécula aislada ADNc de la

relvim;}c,acn.én 30, (ii) el polipéptido codificado por la

aislada de ADNe dela reivindicacidn 30, y (iii)
reivi.}}cacién 30 y el polipéptido codificado, y que
?  é\ adicionalmente un portador o diluyente

farmacéyticamente aceptable.

34. Un método para inducir una respuesta
inmune &n un mamifero contra la infestacién de garrapatas
de mﬁ@g?ples egpecies y s8us patdgenos asociados, que
administrar al mamifero 1la wvacuna de la

‘reivingicacidn 33.
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35. El polipéptido codificado por la molécula

de ADNec de la reivindicacidén 30.

36. Una molécula aislada de ADNec la cual

a un polipéptido antigénico derivado de garrapata,

dlchaMW01ecula tiene una secuencia de nucleétldos que es

por lo:

molécul

el veé@

especie

menos 95% homdloga a SEQ ID NO: 28

37. Un vector de expresién que comprende 1la

2 aiglada de ADNc de la reivindicacidén 36.

38. Una c¢élula aislada transformada mediante

| . -
pr de expresidn de la reivindicacidén 37.

39, Una wvacuna anti-garrapata de wmdltiples

L que comprende una cantidad efectiva inmunizante

de un. Jinmundgeno seleccionado del grupo que consiste de

(1) la

jmolécula aiglada de ADNc de la reivindicacidén 386,

polipéptido codificado por la molécula aislada de

ADNc @ﬁsla reivindicacién 36, y (iii) una combinacidén de

la mo}%hula aislada de ADNc de la reivindicacién 36 y el

polipég&ido codificado, y que comprende adicionalmente un

portada% o diluyente farmacéuticamente aceptable.
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40. Un método para inducir wuna respuesta

'+n un mamifero contra la infestacién de garrapatas

iples especies y sus patdgenos asociados, que
le administrar al mamifero la wvacuna de la
cacidén 39.

41. El polipéptido codificado por la molécula
de ADNc de la reivindicacidn 36.

42. Una molécula aislada de ADNe la cual
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codifipa un polipéptido antigénicq, derivado de garrapata,
dich@ﬁmolécula tiene una secuencia de nucledtidos que es

por idJmenos 95% homéloga a SEQ ID NO: 30.

43. Un vector de expresidn que comprende la

molééu&a aislada de ADNc de la reivindicacidn 42.

44. Una célula aislada transformada por el

vectar |de expresién de la reivindicacién 43.

45. Una vacuna anti-garrapata de miltiples
;espec@%a que comprende una cantidad inmunizante efectiva
de udxﬂnmunégeno se;eccionadb del grupco que consiste de

(i) lﬁimolécula aislada de ADNc de la reivindicacién 42,

(14) éinolipéptido codificado por la molécula aislada de

ADNc ﬁf la reivindiéaeién-42, v (iii) una cowmbinacidn de
la moiﬁﬂula aislada de ADNc de la reivindicacidn 42 vy el
polipéhtido codificado, y que comprende adicionalmente un

portad@#-o diluyente farmacéuticamente aceptable.

46. Un método para inducir una respuesta’

inmune .4n un mamifero contra la infestacién de garrapatas

de mﬁ@ﬁ‘ples especies y sus patégenos asociados, que

47. El polipéptido codificado por la molécula

aislad&ﬁﬂa ADNc de la reivindicacidrt 42.

48. Una molécula aislada de ADNc la cual

codifié@wun polipéptido antigénico derivado de garrapata,

dicha ##décula tiene una secuencia de nuclebtidos que es

‘ignos 95% homSloga a SEQ ID NO: 38.
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49. Un vector de expresién gque comprende la

sla aislada de ADNc de la reivindicacién 48.

el v@@%ar de expresgidén de la reivindicacidn 49.

51. Una vacuna anti-garrapata de miltiples

espea&&s que comprende una cantidad inmunizante efectiva

;f“inmunégeno seleccionado a partir del grupo que

@ de (i) la molécula aislada de ADNe de ‘1a

qu~caci6n 48 'y el polipéptido codificado, y que
fle adicionalmente un portador o diluyente

péuticamente aceptable.

52, Un método para inducir una respuesta

8 especies y sus patdgenos asociados, que

comprgwge administrar al mamiferc la vacuna de la

53. El polipéptido codificade por la molécula

aisladﬁﬂde ADNc de la reivindicacién 48.

50. Una célula aislada transformada mediante
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REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

‘ Folio /gﬁsz
2020 ﬂ Coa
Bogotd D.C., zf\{)

Doctor (a)

CADENA SARMIENTO JUAN PABLO

Apoderado(a) y/o Representante de

THE BOARD OF REGENTS FOR ORLAHOMA STATE UNIVERSITY

REFERENCIA Radicaciédn No. 05 108673
Tramite 2
Evento 1
Actuacién 416

" Oficio No. 2844
s e 24 Folios 1

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo el
expediente indicado en la referencia, relne los requisitos de forma establecidos en
los articulos 26 y 27 de la Decisidén 486 de la Comisién de la Comunidad Andina, y
en las demfs disposiciones vigentes sobre la materia, se envia el extracto de la
solicitud 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 Decisidn.

Siendo manifestacidén expresa del interesado de efectuar la publicacidn "inmediato"®,
estd se realizard en la préxima gaceta de Propiedad Industrial.

Camplase
.Dado en Bogotd DC,

Jefe de lg,d}@ 8ién de Nuevas Creaciones
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