E-MAIL: cl'urkemodet@clarkemodet.oom.co
SANTAFE DE BOGOTA, A.A. 92397

kgdicacion :

SENORES Ferha 1B L
DIVISION DE NUEVAS CREACIONES T'raﬁz'::e Lo
SUPERINTENDENCIA DE INDUSTRIA Y COMERCI Dererdenciar o
E. S. D.

COD:08
REF.: SOLICITUD N° 00034576 7

PATENTE: NOVEDOSO GEN DE LAWSONIA SSP. Y USOS IV
SOLICITANTES: AGRICULTURE VICTORIA SERVICES PTY LTD.
PIG RESEARCH AND DEVELOPMENT CORPORATION
- PFIZER PRODUCTS INC.
FECHA DE LA SOLICITUD: MAYO 12 DE 2.000

ASUNTO: PRESENTACION PRIORIDAD

DILIA RODRIGUEZ D°’ALEMAN, en mi condicién de apoderada de la sociedad solicitante,
en esta oportunidad por el presente escrito me permito presentar:

Copia certificada de la prioridad provisional reivindicada de Estados Unidos /
N° 60/133.973 de Mayo 13 de 1999. -

Traduccién al Espariol de la mencionada prioridad.

Por cuanto la prioridad reivinidicada fue inicialmente presentada a nombre de
personas diferentes a los actuales solicitantes, presento en tiempo copias
auténticas y legalizadas de los respectivos documentos de cesion.

Esta prioridad esta siendo presentada dentro del término de 3 meses que
exige el Convenio de Paris, toda vez que la solicitud fué radicada el 12 de
Mayo de 2.000.

Ruego a usted continuar con el presente tramite.

Senor

Jefe,

Cllcger

DILIA RODRYGUEZ D MAN
CCR/srr

P- 337
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TRADUCCION OFICIAL No. 00/159 de un documento escrito en inglés, el cual para
su identificacién se sella con el sello del traductor al tiempo con la presente. Esta
traduccion ha sido preparada por Juan Pablo Piedrahita Aguilera, Traductor e
Intérprete Oficial debidamente reconocido de conformidad con el Certificado de
Idoneidad Profesional No. 0045 expedido por fa Universidad Nacional de Colombia.
(Se traduce un documento de Cesién de derechos, propiedad y participacion sobre la
Solicitud de Patente, otorgado por Michael PANACCIO y Detlef HASSE a favor de el
ESTADO DE VICTORIA representado por su DEPARTAMENTO DE RECURSOS
NATURALES Y DEL MEDIO AMBIENTE, escrito en inglés.)

. A TODOS A QUIENES ESTOS PRESENTES LLEGAREN

Yo, MARION HEATHCOTE, Notario Publico, debidamente inscrito y juramentado y
ejerciendo en la ciudad de Sydney en el Estado de New South Wales de la
Mancomunidad de Australia POR EL. PRESENTE CERTIFICO que el documento
adjunto es una copia fotografica auténtica del documento original del cual es una
copia del mismo tenor, he cuidadosamente confrontado y comparado dicha copia con
dicho original y he encontrado gue la misma concuerda con él.

DOY FE Y EN TESTIMONIO DE LO CUAL Yo, el notario mencionado he suécrito mi
nombre y he estampado mi sello Oficial en Sydney, hoy dia Ocho de Mayo del Dos
‘ Mil.

(Sello Notarial en Relieve)

(Firmado)

Notario Publico

Sydney, New South Wales
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Australia

Sello a tinta: Yo, Ranu Vatana, funcionario del Departamento de Relaciones
Exteriores y Comercio, Australia, POR EL PRESENTE CERTIFICO que la firma de M.
Heathcote, la cual aparece en los documentos anteriores/adjuntos/al respaldo del
presente es la firma auténtica de Marion Heathcote, Notario Publico residente en la
ciudad de Sydney, en el estado de New South Wales, Australia y que el sello
estampado es el Sello Oficial del mencionado Marion Heathcote. Al certificarlo, ni Yo
ni el Departamento avalamos ni hacemos declaracién alguna en relacion con la
exactitud del contenido del documento.

Dado bajo mi firma y sello del Departamento de Relaciones Exteriores y Comercio
hoy dia 18 de Mayo del Dos Mil (2000).

(Sello a tinta del Departamento de Relaciones Exteriores y Comercio, Melbourne,

Australia, [Firmado})

CESION
ENTRE:

Los CEDENTES: (i) Michael PANACCIO, ciudadano Australiano /
de: 122 Hill Road, North Baiwyin, Victoria 3104, Australia; y
(i) Detlef HASSE, ciudadano Australiano,
de: 4 Scullin Court, Sunbury, Victoria 3429, Australia;
Y
El CESIONARIO:
ESTADO DE VICTORIA representado por su DEPARTAMENTO DE
RECURSOS NATURALES Y DEL MEDIO AMBIENTE, de: 8
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Nicholson Street, East Melbourne, Victoria 3002, Australia; A0

&

En relacidn con las invenciones divulgadas en las solicitudes de patente enumeradas ) ob
en el Anexo adjunto al presente.

POR CUANTO:

1. Los CEDENTES son solicitantes conjuntos en relacion con las solicitudes de
patentes enumeradas en el Anexo;

2. El CESIONARIO era, en el momento en que fue hecha la invencion, el
empleador de los Cedentes; y el CESIONARIO desea adquirir participacion en, para y
bajo dicha invencion y cualesquiera Certificados de Patente que de ella se obtengan;
3.  Esta Cesién da fe de que, como contraprestacion de UN DOLAR ($1.00),
’ recibo del cual se reconoce por el presente, los CEDENTES por el presente venden,
ceden, transfieren y traspasan al CESIONARIO sus derechos exclusivos de
propiedad dominio, tenencia, posesion, uso, usufructo y goce de dichas invenciones y
cualesquiera y todas las Solicitudes de Patente que reivindiquen el derecho de
prioridad de cualesquiera y todas las Solicitudes de Patente que se enumeran en el
Anexo y cualesquiera y todos los Certificados de Patente que se obtengan de
cualesquiera y todas las Solicitudes de Patente mencionadas, y cualquier solicitud
divisional, de continuacién, de renovacion, de reexpedicion o sustituto de ellas para la
totalidad de la vigencia o vigencias para las cuales se otorguen las mismas;

® .

cesion, venta, acuerdo o gravamen alguno que se haya celebrado a vaya a

Los CEDENTES por el presente convienen en que no ha habido ni habra

celebrarse, el cual haya entrado o entrare en conflicto con esta cesién y venta;
5. Los CEDENTES ademas se comprometen a suministrar a el CESIONARIO,

cuando éste los solicite, con prontitud, todos los hechos pertinentes y documentos
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relacionados con las solicitudes de' patentes, con las invenciones y con los
Certificados de Patente que puedan ser conocidos y a los cuéles puedan tener
acceso los CEDENTES, y dara fe de los mismos en cuanto a cualquier interferencia o
litigio relacionados con los mismos, y suscribird y entregara con prontitud a el
CESIONARIO o a sus representante legal cualesquiera y todos los documentos,
instrumentos o declaraciones juramentadas que se requieran para solicitar, obtener,
mantener y hacer cumplir aquellas solicitudes, aquellas invenciones y aquellos
Certificados de Patente que puedan ser necesarios 0 deseables para desarrollar los
propdsitos del presente con cargo al CESIONARIO o al titular subsiguiente.

EN TESTIMONIO DE LO CUAL las partes del presente han aqui suscrito esta
. CESION:

Por y en nombre de los CEDENTES:

Firmado

Nombre: Michael PANACCIO

Testigo: (Firmado)

Nombre: Jim Parsons

Cargo: Gerente de Desarrolio de Negodios

Con fecha hoy 11 de Octubre de 1999.

(Firmado)
Nombre: Detlef HASSE

Testigo: (Firmado)
Nombre: Meri Sinistaj
Cargo: Cientifico Principal

Con fecha hoy 5 de Octubre de 1999.
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Por y en nombre de los CESIONARIOS:

ESTADO DE VICTORIA representado por su DEPARTAMENTO DE RECURSOS

NATURALES Y DEL MEDIO AMBIENTE

Por su funcionario autorizado cuya firma aparece al frente:

(Sello a Tinta: Bruce Kefford Director Ejecutivo Industrias Primarias)

Testigo: (Firmado)
Nombre: P Mackenzie

Cargo:. RPA

(Firmado)

Nombre: Bruce Kefford
Cargo: Director Ejecutivo Agricultura

Con fecha hoy 17de Noviembre de 1999.

PA\OPERWROWPDHDNRE ASS-27/9/99

o

ANEXO
Pais Solicitud Titulo Fecha de
No. Presentacion |
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/134,022 | sus usos I
Estados Unidos de Ameérica | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,986 | sus usos II
Estados Unidos de América | (en blanco) | Gen novedoso Lawsonia y Mayo 13, 1999
sus usos III
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,973 | sus usos IV
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,989 | sus usos V
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PAOPER\MRO\DNREAVS.ASS-27/9/99

En espariol, autenticacién de la firma del funcionario del Departamento de Relaciones
Exteriores y de Comercio de Melbourne, Australia No. 125/00 de Junio 1, 2000..

Pagados el Impuesto de Timbre y Derechos Consulares por US$22.00)
o

Autenticacion por el Ministerio de Relaciones Exteriores Nimero 295658 de Julio 11

del 2000, suscrita por el Jefe de Legalizaciones.

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos de

esta oficina para su confrontacién y a la cual me remito.

Santafé de Bogotd, Agosto 3 del 2000.
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TO ALL WHOM THESE PRESENTS SHALL COME

I, MARION HEATHCOTE, Notary Public, duly admitted and sworn and

practising in the City of Sydney in the state of New South Wales in the

Commonwealth of Australia DO HEREBY CERTIFY that the document

annexed is a true photographic copy of the original document of which it

purports to be a copy, | having carefully collated and compared the said copy
' with the said original and found the same to agree therewith.

IN FAITH AND TESTIMONY whereof | the said notary have subscribed my
name and set and affixed my seal of Office at Sydney aforesaid this Eighth day

of May Two thousand.

e mepindsl  NeTANA , an officer
DO HE CERTIFY that this .sg.ﬂT“'
M - & -~

Mhmm&hm:@m‘d

MaR\ON HeaTHCsTo
g e s

e H

Thatﬂuwalhpres»dhghewa §oddm::

Notary Fublic

PRRS HeptrCoT Sydney, New South Wales
aaz any sta!o‘rll::r'g.‘e arn Iigc;rﬁem:ccuracy of Ihccoomumnz AY)S" aﬁa
The docusment.

Given under my hand and the of Department
Foraign Altairs and Trade this | da”;'.of N\p‘/ o
Two Thousand ped C)ro oo )
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ASSIGNMENT }! .

BETWEEN:
The ASSIGNORS:(i) Michael PANACCIO, an Australian citizen,
of: 122 Hill Road, North Balwyn, Victoria 3104, Australia; and

(i) Detlef HASSE, an Australian citizen,
of: 4 Scullin Court, Sunbury, Victoria 3429, Australia;

AND

The ASSIGNEE: STATE OF VICTORIA as represented by its DEPARTMENT OF
NATURAL RESOURCES AND ENVIRONMENT,
of: 8 Nicholson Street, East Melbourne, Victoria 3002, Australia;

In respect of the inventions disclosed in the patent applications listed in the Schedule
‘- affixed hereto.

WHEREAS:
1. The ASSIGNORS are co-applicants in respect of the patent applications listed
in the Schedule;

2. The ASSIGNEE was, at the time the invention was made, the employer of the
Assignors; and the ASSIGNEE is desirous of acquiring an interest in, to and under said
invention and any Letters Patent to be obtained therefor;

3. This Assignment Witnesses that, in consideration of ONE DOLLAR ($1.00),
the receipt of which is hereby acknowledged, the ASSIGNORS hereby sell, assign,
transfer and set over to the ASSIGNEE the exclusive rights, titles and interests to have
and to hold, use, exercise and enjoy said inventions and any and all Patent Appiications
which claim the benefit of priority from any or all of the Patent Applications listed in the
Schedule, and any and all Letters Patent to be obtained on any and all of said Patent
Applications, and any divisional application, continuation application, renewal, reissue or
substitute thereof for the full term or terms for which the same may be granted,;

‘ 4, The ASSIGNORS hereby covenant that no assignment, sale, agreement or
encumbrance has been or will be made or entered into which would conflict with this
assignment and sale; '

5. The ASSIGNORS further covenant that the ASSIGNEE will, upon request, be
provided promptly with all pertinent facts and documents relating to said applications,
said inventions and said Letters Patent as may be known and accessible to the
ASSIGNORS, and will testify as to the same in any interference or litigation related
thereto, and will promptly execute and deliver to the ASSIGNEE or its legal
representative any and all papers, instruments or affidavits required to apply for, obtain,
maintain and enforce said applications, said inventions and said Letters Patent which
may be necessary or desirable to carry out the purposes hereof at the cost of the
ASSIGNEE or subsequent titleholder.

PA\OPER\MRO\MPDHDNRE. ASS - 27/9/%9
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IN WITNESS WHEREOF, the parties hereto have hereunto executed this Assignment:

For and on behalf of the ASSIGNORS:

.

Name: Michael PANACCIO

Witness:
Name: DoV miT | MPANAGEA
Title:
+4
® DATED this U DAYof OJdolbe~r 4000,
A Hpre

Name: Detlef HASSE

Witness: _Q_té@ﬁﬂu
Name: Meri ﬁ,‘ﬂy 4

Title: Swdr Jeeunsr

DATED this _ Fifth DAY of October . 1999,

For and on behalf of the ASSIGNEE:

STATE OF VICTORIA as represented by its
DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENT

by its authorized officer whose signature
appears opposite hereto: / 4
Name: r
. Title: freohin et
Witness: o e,
Name: / Apcisince BT KETFORD
Title: /4 Raecaivs Dicscioriiinom Wndsizic:
e
DATED this /7 DAY of __ MIVEHBEL _ 19%.

PAOPERYMRO\MPDHDNRE. ASS - 27/9/99
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SCHEDULE ®

COUNTRY APPLICATION TITLE DATE FILED
No.

United States of America | USSN Novel Lawsonia gene and uses therefor | May 13, 1999
60/134,022

United States of America | USSN Novel Lawsonia gene and uses therefor Il May 13, 1999
60/133,986

United States of America Novel Lawsonia gene and uses therefor il May 1.3, 1999

United States of America | USSN Novel Lawsonia gene and uses therefor [V | May 13, 1999
60/133,973

United States of America | USSN Novel Lawsonia gene and uses therefor V May 13, 1999
60/133,989

P:\OPER\MRO\MPDHDNRE. ASS - 27/9/99
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TRADUCCION OFICIAL No. 00/158 de un documento escrito en inglés, el cual para “D
su identificacidon se sella con el sello del traductor al tiempo con la presente. Esta
traduccion ha sido preparada por Juan Pablo Piedrahita Aguilera, Traductor e
intérprete Oficial debidamente reconocido de conformidad con el Certificado de
Idonseidad Profesional No. 0045 expedido por la Universidad Nacional de Colombia.
(Se traduce un documento de Cesion de derechos, propiedad y participacion sobre la

~ Solicitud de Patente, otorgado por Meri SINISTAJ y Jim Parsons a favor de el

® ESTADO DE VICTORIA representado por su DEPARTAMENTO DE RECURSOS

‘ NATURALES Y DEL MEDIO AMBIENTE, escrito en inglés.)

A TODOS A QUIENES ESTOS PRESENTES LLEGAREN
Yo, MARION HEATHCOTE, Notario Publico, debidamente inscrito y juramentado y
ejerciendo en la ciudad de Sydney en el Estado de New South Wales de la
Mancomunidad de Australia POR EL PRESENTE CERTIFICO que el documento
adjunto es una copia fotografica auténtica del documento original del cual es una \
i ‘ copia del mismo tenor, he cuidadosamente confrontado y comparado dicha copia con
dicho original y he encontrado que la misma concuerda con él.

DOY FE Y EN TESTIMONIO DE LO CUAL Yo, el notario mencionado he suscrito mi

nombre y he estampado mi sello Oficial en Sydney, hoy dia Ocho de Mayo del Dos
Mil.

(Sello Notarial en Relieve)

(F irmado)

Notario Pablico

Sydney, New South Wales
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Australia ]{ ?/}
Sello a tinta: Yo, Ranu Vatana, funcionario del Departamento de Relaciones
Exteriores y Comercio, Australia, POR EL PRESENTE CERTIFICO que la firma de M.
Heathcote, la cual aparece en los documentos anteriores/adjuntos/al respaldo del
presente es ia firma auténtica de Marion Heathcote, Notario Publico residente en la
ciudad de Sydney, en el estado de New South Wales, Australia y que el sello
estampado es el Sello Oficial del mencionado Marion Heathcote. Al certificarlo, ni Yo

. ni el Departamento avalamos ni hacemos declaracién alguna en relacién con la

; exactitud del contenido del documento.

Dado bajo mi firma y sello del Departamento de Relaciones Exteriores y Comercio

hoy dia 18 de Mayo del Dos Mit (2000).

(Sello a tinta del Departamento de Relaciones Exteriores y Comercio, Melbourne,

Australia, [Firmado])

CESION

. ENTRE:
Los CEDENTES: (i) Meri SINISTAJ, ciudadano(a) Australiano(a)
de: 3/60 Gourlay Street, East St. Kilda, Victoria 3183, , Australia; y
(i) Jim PARSONS, ciudadano Australiano,
de: 11Kanandah Court, Research, Victoria 3095, Australia;
v
El CESIONARIO:
ESTADO DE VICTORIA representado por su DEPARTAMENTO DE

RECURSOS NATURALES Y DEL MEDIO AMBIENTE, de: 8
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Nicholson Street, East Melbourne, Victoria 3002, Australia; ( f&
En relacién con las invenciones divulgadas en las solicitudes de patente enumeradas
en el Anexo adjunto al presente.
POR CUANTO:
1. Los CEDENTES son salicitantes conjuntos en relacidn con las solicitudes de
patentes enumeradas en el Anexo;
2. El CESIONARIO era, en el momento en que fue hecha la invencion, el
| . empleador de los Cedentes; y el CESIONARIQ desea adquirir participacion en, para y
bajo dicha invencion y cualesquiera Certificados de Patente que de ella se obtengan;
3. Esta Cesién da fe de que, como contraprestacién de UN DOLAR ($1.00),
recibo del cual se reconoce por el presente, los CEDENTES por el presente venden,
ceden, transfieren y traspasan al CESIONARIO sus derechos exclusivos de
propiedad dominio, tenencia, posesion, uso, usufructo y goce de dichas invenciones y
cualesquiera y tfodas las Solicitudes de Patente que reivindiquen el derecho de
prioridad de cualesquiera y todas las Solicitudes de Patente que se enumeran en el
‘ Anexo y cualesquiera y todos los Certificados de Patente que se obtengan de
cualesquiera y todas las Solicitudes de Patente mencionadas, y cualquier solicitud
divisional, de continuacién, de renovacién, de reexpedicion o sustituto de ellas para la
totalidad de la vigencia 0 vigencias para las cuales se otorguen las mismas;
4. ' Los CEDENTES por el presente convienen en que no ha habido ni habra
cesion, venta, acuerdo o gravamen alguno que se haya celebrado a vaya a
celebrarse, el cual haya entrado o entrare en conflicto con esta cesion y venta;

5. Los CEDENTES ademas se comprometen a suministrar a el CESIONARIO,

cuando éste los solicite, con prontitud, todos los hechos pertinentes y documentos
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relacionados con las solicitudes de patentes, con las invenciones y con los
Certificados de Patente que puedan ser conocidos y a los cuales puedan tener
acceso los CEDENTES, y daré fe de los mismos en cuanto a cualquier interferencia o
litigio relacionados can los mismos, y suscribird y entregara con prontitud a el
CESIONARIO o a sus representante legal cualesquiera y todos los documentos,
instrumentos o declaraciones juramentadas que se requieran para solicitar, obtener,

mantener y hacer cumplir aquellas solicitudes, aquellas invenciones y aquellos

i . Certificados de Patente que puedan ser necesarios o deseables para desarrollar los

propositos del presente con cargo al CESIONARIO o al titular subsiguiente.
EN TESTIMONIO DE LO CUAL las parles del presente han aqui suscrito esta
CESION:

Por y en nombre de los CEDENTES:

(Firmado)

Nombre: Meri SINISTAJ

Testigo: (Firmado)

. Nombre: Debbie Donald

Cargo. Cientifico

Con fecha hoy 4 de Octubre de 1999.

(Firmado)

Nombre: Jim PARSONS

Testigo: (Firmado)

Nombre: Noelene Treloar

Cargo: Funcionario Comercial

Con fecha hoy 4 de Octubre de 1999.
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Por y en nombre de los CESIONARIOS:
ESTADO DE VICTORIA representado por su DEPARTAMENTO DE RECURSOS
NATURALES Y DEL MEDIO AMBIENTE
Por su funcionario autorizado cuya firma aparece al frente:
(Eirmada)
Nombre: Bruce Kefford
Cargo: Director Ejecutivo Industrias Primarias
Testigo: (Firmado)
Nombre: P Mackenzie
Cargo: RPA
Con fecha hoy 17de Noviembre de 1999.
P:\OPER\MRO\MSJPDNRE AS2-27/9/99

.

ANEXO
Pais Solicitud Titulo Fecha de
No. Presentacion
Estados Unidos de América | (en blanco) | Gen novedoso Lawsonia y Mayo 13, 1999
sus usos Il1
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,973 | sus usos IV

PAOPERWMROWMSJPDNRE.AS2-27/9/99

En espafiol, autenticacion de la firma del funcionario del Departamento de Relaciones

Exteriores y de Comercio de Melbourne, Australia No. 126/00 de Junio 1, 2000.
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Pagados el Impuesto de Timbre y Derechos Consulares por US$22.00)

-
Autenticacion por el Ministerio de Relaciones Exteriores Numero 295650 de Julio 11

del 2000, suscrita por el Jefe de Legalizaciones.

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos de
esta oficina para su confrontacion y a la cual me remito.

Santafé de Bogota, Agosto 3 del 2000.
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TO ALL WHOM THESE PRESENTS SHALL COME

I, MARION HEATHCOTE, Notary Public, duly admitted and sworn and
practising in the City of Sydney in the state of New South Wales in the
Commonwealth of Australia DO HEREBY CERTIFY that the document
annexed is a true photographic copy of the original document of which it
purports to be a copy, | having carefully collated and compared the said copy

with the said original and found the same to agree therewith.

IN FAITH AND TESTIMONY whereof | the said notary have subscribed my
name and set and affixed my seal of Office at Sydney aforesaid this Eighth day

of May Two thousand.

h RAc NATANA | an officer

Of the of Foreign Attairs and Ti Austraia, *
Domsngv %!,ElRTIFY s w&“;’. roce.
fopearg o the  docun " sseowatachs VAL

HoMolon!h.rworsehefeto:smm
V\P\R\ON HeetH o1

Public residing in the City of
My"ﬁg‘,fg ~ *'?e-n:ﬂllaa:h‘rl SC:" of the sakd ~ Notary Public
Moo certifying. naither | nor the Departmert andorse. nor Sydney, New South ‘WVales
Thedocnt;vm as accuracy of the corents ot Australia

Given under my hand and the seai of the Depariment of
Foreign Affairs and Trade this [ @-4An day of .V\(:;Y

Toro Thousand e
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ASSIGNMENT

BETWEEN:
The ASSIGNORS:(i)  Meri SINISTAJ, an Australian citizen,
of:  3/60 Gourlay Street, East St. Kilda, Victoria 3183, Australia; and

(i) Jim PARSONS, an Australian citizen,
of: 11 Kanandah Court, Research, Victoria 3095, Australia;

AND

The ASSIGNEE: STATE OF VICTORIA as represented by its DEPARTMENT OF
NATURAL RESOURCES AND ENVIRONMENT,
of: 8 Nicholson Street, East Melbourne, Victoria 3002, Australia;

In respect of the inventions disclosed in the patent applications listed in the Schedule
affixed hereto.

WHEREAS:
1. The ASSIGNORS are co-applicants in respect of the patent applications listed

in the Schedule;

2. The ASSIGNEE was, at the time the invention was made, the employer of the
Assignors; and the ASSIGNEE is desirous of acquiring an interest in, to and under said
invention and any Letters Patent to be obtained therefor;

3. This Assignment Witnesses that, in consideration of ONE DOLLAR ($1.00),
the receipt of which is hereby acknowledged, the ASSIGNORS hereby sell, assign,
transfer and set over to the ASSIGNEE the exclusive rights, titles and interests to have
and to hold, use, exercise and enjoy said inventions and any and all Patent Applications
which claim the benefit of priority from any or all of the Patent Applications listed in the
Schedule, and any and all Letters Patent to be obtained on any and all of said Patent
Applications, and any divisional application, continuation application, renewal, reissue or
substitute thereof for the full term or terms for which the same may be granted;

4. The ASSIGNORS hereby covenant that no assignment, sale, agreement or
encumbrance has been or will be made or entered into which would conflict with this
assignment and sale;

5. The ASSIGNORS further covenant that the ASSIGNEE wiil, upon request, be
provided promptly with all pertinent facts and documents relating to said applications,
said inventions and said Letters Patent as may be known and accessible to the
ASSIGNORS, and will testify as to the same in any interference or litigation related
thereto, and will promptly execute and deliver to the ASSIGNEE or its legal
representative any and all papers, instruments or affidavits required to apply for, obtain,
maintain and enforce said applications, said inventions and said Letters Patent which
may be necessary or desirable to carry out the purposes hereof at the cost of the
ASSIGNEE or subsequent titleholder.

PAOPER\MRO\MSIPDNRE. AS2 - 27/9/99
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IN WITNESS WHEREOF, the parties hereto have hereunto executed this Assignment:
For a&d/ on behalf of the ASSIGNORS:

Name:Meri SINISTAJ

Witness:

_ P henadel.
Name: D@bb e \,?ona )

Title:

DATED this (\@w’fv DAY of  Ocivber - 1999.

Namd: Jim PARSONS

Witness: NGQ—Q}; ( r€_/Q»c-/

Name: 3 S St TeTuAR
Title: =\ DrwerUm o

DATED this _Teu e DAY of _O¢To®BER— ., 1999.

For and on behalf of the ASSIGNEE:

STATE OF VICTORIA as represented by its
DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENT
by its authorized officer whose signature

appears opposite hereto: //67/_4

‘ Name:
: Title: BRUCE
: . Witness: Exemm’““‘"‘?fﬁnm Industetes
#_:;ne: //5 ACICEA2( A~
itle: /J/}

,LL

DATED this /7 DAY of ABWEHAEA- 1990,

PAOPER\MRO\MSIPDNRE . AS2 - 27/9/99
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SCHEDULE ®
COUNTRY APPLICATION TITLE DATE FILED
No.
United States of America Novel Lawsonia gene and uses therefor Il] May 13, 1999
United States of America | USSN Novel Lawsonia gene and uses therefor IV May 13, 1999
60/133,973
00/158
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TRADUCCION OFICIAL No. 00/157 de un documento escrito en inglés, el cual para
su identificacion se sella con el sello del traductor al tiempo con la presente. Esta
traduccion ha sido preparada por Juan Pablo Piedrahita Aguilera, Traductor e
Intérprete Oficial debidamente reconocido de conformidad con el Certificado de
Idoneidad Profesional No. 0045 expedido por la Universidad Nacional de Colombia.
(Se traduce un documento de Cesién de derechos, propiedad y participacion sobre Ia
Solicitud de Patente, otorgado por el ESTADO DE VICTORIA representado por su
DEPARTAMENTO DE RECURSOS NATURALES Y DEL MEDIO AMBIENTE a favor
de AGRICULTURE VICTORIA SERVICES PTY LTD y PIG RESEARCH AND
DEVELOPMENT CORPORATION, escrito en ingiés.)

A TODOS A QUIENES ESTOS PRESENTES LLEGAREN
Yo, MARION HEATHCOTE, Notario Plblico, debidamente inscrito y juramentado y
ejerciendo en la ciudad de Sydney en el Estado de New South Wales de Ia
Mancomunidad de Australia POR EL PRESENTE CERTIFICO que el documento
adjunto es una copia fotogréfica auténtica del documento original del cual es una
copia del mismo tenor, he cuidadosamente confrontado y comparado dicha copia con
dicho original y he encontrado que la misma concuerda con él.
DOY FE Y EN TESTIMONIO DE LO CUAL Yo, el notario mencionado he suscrito mi
nombre y he estampado mi sello Oficial en Sydhey, hoy dia Ocho de Mayo del Dos
Mit.
(Selio Notarial en Relieve)
(Firmado)

Notario Publico

TRADUCCION OFICIAL No. LOLL L S p 1
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Sydney, New South Wales

Australia

Selio a tinta: Yo, Ranu Vatana, funcionario del Departamento de Relaciones
Exteriores y Comercio, Australia, POR EL. PRESENTE CERTIFICO que ia firma de M.
Heathcote, la cual aparece en los documentos anteriores/adjuntos/al respaldo del
presente es la firma auténtica de Marion Heathcote, Notario Publico residente en la
ciudad de Sydney, en el estado de New South Wales, Australia y que el sello
estampado es el Sello Oficial del mencionado Marion Heathcote. Al certificarlo, ni Yo
ni el Departamento avalamos ni hacemos declaracién alguna en relacién con la
exactitud del contenido del documento.

Dado bajo mi firma y sello del Departamento de Relaciones Exteriores y Comercio
hoy dia 18 de Mayo del Dos Mil {2000).

(Sello a tinta del Departamento de Relaciones Exteriores y Comercio, Melboume,

Australia, [Firmado])

CESION

ENTRE:

Et CEDENTE: ESTADO DE VICTORIA representado por su DEPARTAMENTO DE
RECURSOS NATURALES Y DEL MEDIO AMBIENTE, de: 8
Nicholson Street, East Melbourne, Victoria 3002, Australia;

Y

Los CESIONARIOS:
()  AGRICULTURE VICTORIA SERVICES PTY LTD. de 475

Mickleham Road, Attwood, Victoria 3049, Australia; y

(i) PIG RESEARCH AND DEVELOPMENT CORPORATION,
2

TRADUCTOR E INTERPRET| E OFICIAL

C. IDONEIDAD 045
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de: 3" Floor, Industry House, Brisbane Avenue, Australian y o

Ny,
Capital Territory 2600, Australia; \
En relacion con las invenciones divulgadas en las solicitudes de patente enumeradas

en el Anexo adjunto al presente.

POR CUANTO:

‘ 1. El CEDENTE es el empleador y €l cesionario de los inventores en relacion con
| las invenciones descritas en las solicitudes de patentes enumeradas en el Anexo;

2.  Los CESIONARIOS desean adquirir participacién en, para y bajo dicha
invencién y cualesquiera Certificados de Patente que de ella se obtengan;

3. Esta Cesién da fe de que, como contraprestacién de UN DOLAR ($1.00),
recibo dél cual se reconoce por el presente, el CEDENTE por el presente vende, |
cede, transfiere y traspasa a los CESIONARIOS sus derechos exclusivos de
propiedad dominio, tenencia, posesion, uso, usufructo y goce de dichas invenciones y
. cualesquiera y todas las Solicitudes de Patente que reivindiquen el derecho de
prioridad de cualesquiera y todas las Solicitudes de Patente que se enumeran en el
Anexo y cualesquiera y todos los Certificados de Patente que se obtengan de
cualesquiera y todas las Solicitudes de Patente mencionadas, y cualquier soficitud
divisional, de continuacién, de renovacion, de reexpedicion o sustituto de ellas para la
totalidad de la vigencia o vigencias para las cuales se otorguen las mismas;

4, El CEDENTE por el presente conviene en que no ha habido ni habra cesion,
venta, acuerdo o gravamen alguno que se haya celebrado a vaya a celebrarse, el
cual haya entrado o entrare en conflicto con esta cesion y venta;

5. El CEDENTE ademas se compromete a suministrar a los CESIONARIOS,

cuando éstos los soliciten, con prontitud, todos los hechos pertinentes y documentos

TRADUCCION OFICIAL N0, 8.8 4 1.5 7 3
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
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relacionados con las solicitudes de patentes, con las invenciones y con los 1@"1
|

(\

Certificados de Patente que puedan ser conocidos y a los cuales pueda tener acceso
el CEDENTE, y dara fe de los mismos en cuanto a cualquier interferencia o litigio
relacionados con los mismos, y suscribird y entregard con prontitud a los
CESIONARIOS o a sus representantes legales cualesquiera y todos los documentos,
. instrumentos o declaraciones juramentadas que se requieran para solicitar, obtener,
mantener y hacer cumplir agquellas solicitudes, aquellas invenciones y aquellos
Certificados de Patente que puedan ser necesarios o deseables para desarrollar los
propositos del presente con cargo a Agriculture Victoria Services Pty Lid o al titular
subsiguiente con sujecién a cualquier Contrato en relacion con ellos entre Agricuiture
Victoria Services Pty Ltd y el titular subsiguiente.
EN TESTIMONIO DE LO CUAL las partes del presente han aqui suscrito esta
CESION:
. Por y en nombre del CEDENTE:
| ESTADO DE VICTORIA representado por su DEPARTAMENTO DE RECURSOS
NATURALES Y DEL MEDIO AMBIENTE
Por su funcionario autorizado cuya firma aparece al frente:

(Firmado)

Nombre: Bruce Kefford

Cargo: Director Ejecutivo Industrias Primarias
Testigo: (Firmado)
Nombre: P Mackenzie
Cargo: RPA

Con fecha hoy 19 de Noviembre de 1999.

TRADUCCION OFICIAL No. - 4
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Por y en hombre de los CESIONARIOS:

AGRICULTURE VICTORIA SERVICES PTY LTD.
Por su funcionario autorizado cuya firma aparece al frente:

(Firmado)
Nombre: MR Bruce Lang

) . Cargo: Secretario de la Compaiiia

Testigo: (Firmado)

Nombre: Adrian Trioli
Cargo: Gerente - Propiedad Intelectual y Contratos
Con fecha hoy 19 de Noviembre de 1999.

PIG RESEARCH AND DEVELOPMENT CORPORATION
Por su funcionario autorizado cuya firma aparece al frente:
(Firmado)

‘ Nombre: Dr Anthony Peacock
| Cargo: Director Ejecutivo

Pig Research and Development Corporation

Testigo: (Firmado)

Nombre: Sally O'Brien

Cargo: Asistente Ejecutivo

Con fecha hoy 23 de Noviembre de 1999.
PAOPER\MRO\DNREAVS ASS-27/9/99
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ANEXO \ 9
Pais Solicitud Titulo Fecha de
No. Presentacion
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/134,022 | sus usos [
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
® 60/133,986 | sus usos II |
Estados Unidos de América | (en blanco) | Gen novedoso Lawsonia y Mayo 13, 1999
sus usos 111
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1989
60/133,973 | sus usos IV
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999

60/133,989 | sus usos V

PAOPERWRO\DNREAVS . ASS-27/9/99

En espariol, autenticacion de la firma del funcionario del Departamento de Relaciones
Exteriores y de Comercio de Melbourne, Australia No. 127/00 de Junio 1, 2000..
Pagados el Impuesto de Timbre y Derechos Consulares por US$22.00)

.

Autenticacion por el Ministerio de Relaciones Exteriores Numero 295660 de Julio 11

del 2000, suscrita por el Jefe de Legalizaciones.

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos de

esta oficina para su confrontacion y a la cual me remito.

Santafé de Bogota, Agosto 3 del 2000. Wq//

/7,
/. TRADUCCION OFiciALNo @8 £ 1 5
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TO ALL WHOM THESE PRESENTS SHALL COME

I, MARION HEATHCOTE, Notary Public, duly admitted and sworn and
practising in the City of Sydney in the state of New South Wales in the
Commonwealth of Australia DO HEREBY CERTIFY that the document

annexed is a true photographic copy of the original document of which it

purports to be a copy, | having carefully collated and compared the said copy

with the said original and found the same to agree therewith.

IN FAITH AND TESTIMONY whereof | the said notary have subscribed my
name and set and affixed my seal of Office at Sydney aforesaid this Eighth day

of May Two thousand.

e RANY \/P\T;\NA + an officer
rient of Foraign Aflaks and Trade, Ausiralia.
BO Hﬁ% CERTIFY ﬂ:ﬁhis sigvnuat‘un A
M . \eptt cote
Appesring on the d*:ocumnts &
Hereto/on tha reverse hersto is the trus signature of

MARL 6 o TE
Notary m%%&b’? CsyDNe
inthe State of NEV  SOUTH el , and
That the seal impressod s the Official Seal of the said
MARTO HentHOTE
In 80 canifying, neither | nor the Department endorsa, nor
Make any statermnsnt as to the
The deeny . accuracy of the coments of

Given ungder my hand and the of the Depertment of
Foreign Alfsirs and Trade this |8 X~day of pn,
Two Thousantt e CLoow Y

Notary Public
Sydney, New South Vvales
Australia

TRADUCCION OFiCAL No 8 0 2 15 7
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ASSIGNMENT

BETWEEN:
The ASSIGNOR: STATE OF VICTORIA as represented by its DEPARTMENT OF
NATURAL RESOURCES AND ENVIRONMENT,
of: 8 Nicholson Street, East Melbourne, Victoria 3002, Australia;

AND

The ASSIGNEES:(i) AGRICULTURE VICTORIA SERVICES PTY LTD,
of: 475 Mickleham Road, Attwood, Victoria 3049, Australia; and

(i) PIG RESEARCH AND DEVELOPMENT CORPORATION,
of:  3rd Floor, Industry House, Brisbane Avenue, Australian Capital
Territory 2600, Australia;

In respect of the inventions disclosed in the patent applications listed in the Schedule
affixed hereto.

WHEREAS:
1. The ASSIGNOR is the employer and assignee of inventors in respect of the
inventions described in the patent applications listed in the Schedule;

2. The ASSIGNEES are desirous of acquiring an interest in, to and under said
invention and any Letters Patent to be obtained therefor;

3. This Assignment Witnesses that, in consideration of ONE DOLLAR ($1.00),
the receipt of which is hereby acknowledged, the ASSIGNOR hereby sells, assigns,
transfers and sets over to the ASSIGNEES their exclusive right, title and interest to have
and to hold, use, exercise and enjoy said inventions and any and all Patent Applications
which claim the benefit of priority from any or all of the Patent Applications listed in the
Schedule, and any and all Letters Patent to be obtained on any and all of said Patent
Applications, and any divisional application, continuation application, renewal, reissue or
. substitute thereof for the full term or terms for which the same may be granted;

4. The ASSIGNOR hereby covenants that no assignment, sale, agreement or
encumbrance has been or will be made or entered into which would conflict with this
assignment and sale;

5. The ASSIGNOR further covenants that the ASSIGNEES will, upon their
request, be provided promptly with all pertinent facts and documents relating to said
applications, said inventions and said Letters Patent as may be known and accessible
to the ASSIGNOR, and will testify as to the same in any interference or litigation related
thereto, and will promptly execute and deliver to the ASSIGNEES or their legal
representative any and all papers, instruments or affidavits required to apply for, obtain,
maintain and enforce said applications, said inventions and said Letters Patent which
may be necessary or desirable to carry out the purposes hereof at the cost of Agriculture
Victoria Services Pty Ltd, or subsequent titleholder as subject to any Agreement thereto

PAOPER\MRO\DNREAVS. ASS - 27/9/99
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between Agriculture Victoria Services Pty Ltd and said subsequent titieholder.
IN WITNESS WHEREOF, the parties hereto have hereunto executed this Assignment:
For and on behalf of the ASSIGNOR:
STATE OF VICTORIA as represented by its
DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENT
by its authorized officer whose signature % :
appears opposite hereto: “%6/

Name: gy sFPORD

Title: Besic U ooo-Prgip bndustries
Witness: 4///(@/

Q@ N sasrcrzuos
Title: R PA
Y24

DATED this 7 7 DAY of _ ASYEAAEA | 1999.
For and on behalf of the ASSIGNEES:
AGRICULTURE VICTORIA SERVICES PTY LTD.
by its authorized officer whose signature
appears opposite hereto: :

Namg? MR ZrvcEF (MVG

/ %,, V//4 Tt dmpny S EcpkETAR Y
Witness:
Name: ADritAv Ri0e/
Title: TIANVAGCER - [ATELLECTUAL FRRMISLTY AvD Q1TRACTS
@ orTEDs /e™ DAY of MOVEMEER . 1999, p ,/

PIG RESEARCH AND DEVELLOPMENT CORPORATION / /
by its authorized officer whose signature
appears opposite hereto:

Name: Dr Amny Peacock

Title: Executive Director .
Witness ﬂu/ﬂ] UW‘——’ ‘ Pig Research and Development Corporatioi
Name: acn
Title: £xec X ﬂS,’,i:{/‘fa«-/: ,

rof
DATED this___ 2/3 pavof _/ Vowe b , 1999.
P\OPER\MRO\DNREAVS.ASS - 27/9/99
U O/ 1 K 5 /
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SCHEDULE

COUNTRY APPLICATION TITLE DATE FILED
No.

United States of America | USSN Novel Lawsonia gene and uses therefor | May 13, 1999
60/134,022

United States of America | USSN Novel Lawsonia gene and uses therefor I May 13, 1999
60/133,986

United States of America Novel Lawsonia gene and uses therefor il May 13, 1999

United States of America | USSN Novel Lawsonia gene and uses therefor IV May 13, 1999
60/133,973

United States of America | USSN Novel Lawsonia gene and uses therefor V May 13, 1999
60/133,989

PAOPER\MRO\DNREAVS. ASS - 27/9/99

TRADUCCION OFICIAL Ne.

j35=

;157

JUAN PABLO PIEDRAHITA AGUILERA

TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA



AR R AEREANEREENEE RIS EEEOESE S
RV = =

-_— —_— == Y =t

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

May 08, 2000

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: 60/133,973
FILING DATE: May 13, 1999

g By Authority of the
"COMMISSIONER OF PATENTS AND TRADEMARKS

H. PHILLIPS

TRADUC]ON OFICIAL No. _(2_/_15_3_._ Certifying Officer
JUAN PABLO . ‘ED3AI ITA “GUILERA
TRADu \J . : ol g,k?.»”!' : CF:C‘: '\':_




May 08, 2000

This is to inform you that the document requested in your order dated 05-01-2000 is a true reproduction of the
official office record copy of that document:
60133973 CERTIFIED PAT APP AS FILED-EXPEDITE-PSF 11

E(The enclosed Patent Application as Filed is a reproduction of the application as originally filed and has been
recorded using high quality scanning or microfilm equipment. Copies of page/papers that were not scannable
have not been included, nor have pages/papers received after the original filing date. Copies of these
pages/papers may be ordered separately.

s«. K The enclosed document is a reproduction of the best available source of the official office record copy of that
document.

If you have any questions or need additional information, please contact our Customer Service Department.

Mailing Address: Delivery Address:

U.S. Patent and Trademark Office U.S. Patent and Trademark Office

Office of Public Records, Customer Service Office of Public Records, Customer Service
Crystal Gateway 4, Suite 300 1213 Jefferson Davis Highway, Suite 300
Washington DC 20231 Arlington VA 22202
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NOVEL LAWSONIA SPFP. GENE AND USES THEREFOR IV

FIELD OF THE INVENTION _

The prasent inveniion relates generally to therapeutic compositions for the treatment
and/or prophylaxis of intestinal disease conditions in animals and birds caused or
exace-hated Iy L mpzonia infracelfularis or similar or otherwise related microorganism.
In particular, the present invention provides a novel gene derived from Lawsonia
intracellulans which encodes an immunogenic peptide, polypeptide or protein. The
polypeptide described herein, designated as FIgE, or a peptide homologue, analogue
or derivative thereof is particularly useful as an antigen in vaccine preparation for
conferring humoral immunity égainst Lawsonia intracellularis and related pathogens
in animal hosts The present invention is also directed to methods for the treatment
and/or prophylaxis of such intestinal disease conditions and to diagnostic agents and
procedures for detecting Lawsoma Intracellularis or similar or ntherwise related

mICEO0rganisms.

GENERAI
Bibhag aphue details of the publications numerically referred to in this specification are
collected at the end of the description. All patents, patent applications, and

re connons cited herein are incorporated by reference in their entirety.

Reference hereinafter to "Lawsonia intracellularis” or its abbreviation “L. intracellularis”
includes all microorganisms similar to or otherwise related to this microorganism, as
described by Stills (1991) or Jones ef a/.(1997) or Lawson et al. (1993) or McOrist et

“al (1995)

As used herein, the word “fIgE”, or the term “figE gene”, shall be taken to refer to the

agenc enceding the flagellar hook protein of the present invention. It shall also be

4 undarstood that the term "FIQE polypeptide” refers to the flageliar hook protein of the

My ragn
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As used herein the term "derived from" shall be taken to indicate that a specified
n-oduct in particular a macromalecule such as a peptide, polypeptide, protein, gene
o7 rucleic acid molecuie, antibody molecule, ig fraction, or other macromolecule, or
& boigical sample comprising said macromolecule, may be obtained from a particular
sourcs:, organism, lissue, organ or cell, albeit not necessarily directly from that source,

organism, tissue, organ or cell.

Throughout this specification, unless the context requires otherwise, the word
“comprise”, or vanations such as "comprises” or "¢comprising”, will be understood to
imply the inclusion of a stated step or element or integer ot group of steps or elements
or integers but not the exclusion of any other step or element or integer or group of

elements or integers.

Those skilied In the art will appreciate that the invention described heremn is

» susceptible to variations and modifications other than those specifically described. It

s .5 be understood that the invention includes all such variations and modifications.
Tne imvention alsa includes all of the steps, features, composttion s and compounds
rgicnof o or indicated in this specification, individually or collectively, and any and
ail combinations or any two or more of said steps, foatures, compositions and
compaunds

The present invention is not to be limited in scope by the specific embodiments
described herein, which are intended for the purposes of exemplification only.
Functionally equivalent products, compositions and methods are clearly within the

scope of the invenlion, as described herein.

BACKGROUND OF THE INVENTION

The meat-producing sector of the agricultural industry is dependant upon the health

+* .3 hvestock and there is a need to maintain disease-free livestock for human

» corsJdmption. The industry is subject to rapid economic downturn in response to

dis-ase condifions adversely affecting livestock and the quality of meat products
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danved therefrom, including those diseases which may potentially be transmitted to
~rmans, It is important, therefore, to have well defined treatments and prophylactic
=z diagnostic procedures available to deal with infections or potential infections in

Ivestock arwmnals and humans

Me=t nrod .~ derived from porcine and avian species are significant commercial
oreaucts i the agriculture industry. In particular, pigs form a major component of the
meat industry However, pigs are sensitive to a wide spectrum of intestinai diseases
collectively referred to as porcine proliferative enteropathy (PPE). These diseases
10 have previously been known as intestinal adenomatosis cbmplex (Barker and van
Drumel, 1985}, porcine intestinal adenomatosis (PIA), necrotic enteritis (Rowland and

Lawson, 1976), proliferative haemorrhagic enteropathy (Love and Love, 1977),

regional ilettis (Jonsson and Martinsson, 1976), haemorrhagic bowel syndrome

{O'Neit, 1970), porcine proliferative enteritis and Campylobacter spp - induced
anreritis (Straw, 19580)

S T A g
VS

There are twa main forms of PPE. a non-haemorrhagic form represented by intestinal

‘.
Hl

adcocatosis which frequently causes growth retardation and mild diarrhoea; and a

haemorrhagic form, which is often fatal, represented py proliferative haesmorrhagic

5=
ha g

]

15

200y cathy (PHE) where the distal small intestine lumen becomes engorged with

blcod PPE has been reported in a number of animal species including pigs (McOrist

et al 1993), hamsters (Stills, 1991), ferrets (Fox et a/, 1989), guinea pigs (Elwell et al,

. 1981), rabbits {(Schodeb and Fox, 1990) as well as avian species (Mason et a/, 1998).

25 1he causative organism of PPE is a Campylobacter-like organism referred to herein
as “Lawsonia intracellularis” (McOrist et al, 1995). The organism has also been
previously referred to as llea/ symbiont intracellularis (Stills, 1991). PPE-like diseases
i pigs may also be caused by other pathogens such as various species of
i >nmpylobacter (Gebhart et &/, 1983). '

]
<

! swsoma intraceliulans is an intracellular, possibly obligate intracellular, bacterium
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It can only be cultured in vitro with tissue culture cells (Jones ef 3/, 1997; Lawson ef
ar 1993; McOrist et a/, 1995, Intemational Patent Appfication No. P T/US96/03578).
i intraceliulans is located in the cytoplasm of the villus cells and intestinal crypt cells
of infected animals. Pigs suffering from PPE are characterised by irregistarities in the
villus cells and intestinal crypt structure with epithelial cell dysplasia, wherein crypt
aus.2nses form as the villi and intestinal crypts become branched and fill with

intiammatory cells.

PPE 1s a significant cost component associated with the pig industry, especially in
terms of stock losses, medication costs, reduced growth rates of pigs and increased
feed costs. PPE also contributes to downstream indirect costs in, for example,
additional iabour costs and environmental costs in dealing with antibiotic residue
contamination, and in control measures to prevent the organism from being passed on

or carried to other animals or humans.

Curient control strategies for PPE rely on the use of antibacterials. ifowever, such a
sirzti-y 's considered tc only be short to medium term, especially since governmental
regulatory pressures tend to discourage animal husbandry practices which involve the
use nf rrenttactie gotinotics. There (s a need, therefore, to develop effective, safe
arid low cost altematives to the use of antibiotics and, in particular, to develop vaccine
preperations capable of conferring protective immunity against Lawsonia intracellularis

infection in livestock animals

The most effective vaccine preparations are generaily comprised of a highly antigenic
component, such as a peptide, polypeptide, proteimn or other macromolecule which is
derived from the pathogenic organism against which the vaccine is directed, wherein
sawd anpgenic component produces itttie or no contraindications wnen administered
1> 2 susceptible host animal, and produces little or no anligenic cross-reactivity with
<Zwrabie organisms, such as non-pathogenic organisms that are a pnart of the normal
Harz o1 the intestinal tract or other tissues of said host animal. In summary, an

etes! L2 vattineg preparation must be immunogenic. specific and safe.

® ® "
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Accurdingly, there s a need {o identify highly immunogenic antigens produced by the

bactenum Lawsonia intraceflulans.

international Patent Application No. PCT/AUS6/05767 descrives several L.
S iptreenilidz-s narial gené‘tac sequences, and partial polypeptides encoded thereby.
However, there is a need to further identify polypeptide immunogens produced by the
bacterium L infracelfulans and immunogenic peptides derived therefrom, including
those immunogens which are genus- or species-specific, for use in improved vaccine

compositions The presently-described invention provides such immunogens.

10
SUMMARY OF THE INVENTION
One aspect of the present invention is directed to an isolated or recombinant
Immunogenic polypeptide which comprises, mimics or cross-teacts with a B-cell or T-
2 zell epitope of the FigE polypeptide derived from Lawsonia spp. Preferably, the
f" 15 :sciated or recombinant immunogenic polypeptide 1s selected from the group
-: cunsishing oi the tollowing:
,f:: ) a peptide, oiigopeptide or polypeplide which comprises an amino acid
= sequence which has at least about 60% sequence 'dentity overall to the amino
v sequence set forth in SEQ ID NO:1;
20 (1) a peptide, oligopeptide or polypeptide which comprises at least about
5 contiguous amino acids of the amino acid sequence defined by SEQ (D NO:1;
or
(i)  ahomologue, analogue or derivative of (1) or (ii) which mimics a B-cell
. or T-cell epitope of Lawsonia spp.
25
In 2 preferred embodiment, the polypeptide comprises or consists essentially of the
am'no acid sequence of SEQ 1D NO:1.
A further aspect of the present invention provides a vaccine cc.position for thea
30 proucvlans o treatment of infection in an animal, such as a pig or bird, by L.

intracellulans or a similar or otherwise related micreorganism, said vaccine

LT
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R SpPOsition comprising an immunologically effective amount of an immunogenic
camponent which comprises an 1salated or recombinant polypeptide having at least
about 60% overail sequence identity to the amino acid sequence set forth in SEQ ID
NO:1, or comprising at least 5 contiguous armine acids derived from SEQ 10 NO:1 or

LMiinagenic homologue, analogue or dervative thereof which is immunologically
crass~reactive with Lawsomnia intfracellularis, and one or more carriers. diluents and/or

adjuivants suitable for veterinary or pharmaceutical use,

In a preferred embodiment, the polypeptide of the vaccine composition comprises or

consists essentially of the amino acid sequence of SEQ ID NO: 1.

A turther aspect of the invention extends to an immunologically interactive molecule,
such as an antibody or antibody fragment, which is capable of binding to the

erununogentic polypeptide of the invention

amimal by Lawsoria intraceilulans or a related microorganism. said rnethod comprising
the stens of conmtacting a biological sample dernved from said animal with an
smimunologically interactive molecule of the present invention for a time and under
conditions sufficient for a complex, such as an antigen:antibody complex, to form, and

then detecting said complex formation.

A further aspect of the present invention contemplates a method of determining
whether or not an animal has suffered from a past infection, or is currently infected,
by Lawsoniz intracellularis or a related microorganism, said method comprising
contacting a tissue or flutd sample, such as blood or serum derived from said animal,
“h the immunogenic polypeptide of the invention for a twne and under conditions

coazient for a complex, such as an antigen:antibody complex, to form, and then

cotmstr g sad complex formation

A further aspect of the present invention provides an isolated nucleic acid molecule
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b comprises a sequence of nucleotides that encodes, or is complementary to a
nuzizic acid moleculs that encodes, a peptide, oligopeptide or polypeptide selected
from the following:

2 pzptide, cligopeptide or polypeptide which comprises an amino acid
sequence which has at least about 60% overall sequence identity to the amino
acid sequence set forth in SEQ 1D NO:1:

(i) a peptide, ohgopeptide or polypeptide which compnses at least about
5 coniiguous amino acids derived from SEQ 1D NO'1; or
(iiiy  a homologue, analogue or derivative of (i) or (i}, which mimics a B-cell

or T-cell epitape of Lawsonia spp.

in 2 preferred embodiment, the isolated nucleic acid molecule comprises the
nuicleotide sequence set forth in SEQ ID NO:2, or a degenerate variant thereof, has

at ' ast about 60% sequence identity to all or a part thereof

A s further aspect of the invention provides a diagnostic method of detecting
Lawsonia infracellulans or related microcrgarism in a ticlogicat sample derived from

T subject, said method comprising the steps of hybnidising one or more
5o, mucleotide or oligonucleotide probes or primers derwved.frormn the nucleotide
sequence set forth in SEQ [D NO:2 or a complementary nucleotide sequence thereof
or a homologue, analogue or derivative thereof, to said sample, and then detecting
said hybridisation using a detection means. The detection means according to this
aspect of the invention is any nucleic acid-based hybridisation or amplification

reaction

A Turther aspect of the invention provides an isolated probe or primer derived from

LEQID NO 2 or a complementary nucleotide sequence theretc.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 i1s a schematic representation comparing the aminco acid sequence of

Lawsnonia intracaifilans (L. int) flageliar hook protemn FIgE to the amino acid sequences
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ar hook proteins derived from Treponema phagedenis (T.phage), Treponema
palidum (1. palli), Salmonella typhimunium (S typhi). Eschernichia coli (E coli), Aquifex
aeolicus (A aeo). Vibric parahaemocliyticus (V. parah) and Borrelia burgdorferi
L i ) Gaps have been introduced fo optimise the alignment Positions containing
igentical amino acid residues with respect to the FIgE polypeptide of Lawsoria
intracellufans (SEQ 1D NO:1) are shaded. Residues that are identical in all eight

sequences appear in bold{ace.

DETAILED DESCRIPTION OF THE INVENTION
In work leading up to the present invention, the inventors sought to identify
immurogentc proteins of Lawsonia iitracellulans for use in vaccines far the

prophylaxis and treatment of PPE in animals, ncluding pigs and birds.

Aoocidingly, one aspect of the present invention is directed to an isolated ar
recomismant anmucoagenic polypeptide which comprises, mimics or cross-reacts with

a B-cell or T-cell epitope ot the FIgk polypeptide derivad from Lawsonia spp.

Eiveopes of Lawsonria spp. may be B cell epitopes or T-cell epitopes. it is well-known
that antibody-binding sites (B-cell epitopes) involve linear as well as conformational
epitopes (van Regenmortel, 1992) B-cell epitopes are predominantly conformational.

In contrast, T-cells recognize predominantly linear epitope sequences in combination
with MHC class |l molecules.

A precise identification and careful selection of epitopes of Lawsonia spp. facilitates
ine development of diagnostic reagents and vaccine compositions for the effective
reatment or prophylaxis of Lawsona infections. Epitope identification and
o sctenzation (1 e determination of the molecular weight, amir- acid sequence,
anc structure of epitopes of Lawsonia spp ) may be performed using art-recognised
towanegues For the gelection of conformational epitopes, degrading and denaturing
of the epitope molecute must be avoided in order to zonserve the three-dimensional

= L2cpuze the antigen-antibody reaction will be diminished if the secondary

5

- PR32
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sttucicie i the epitape is altered significantly In practice, the characterisation and
isolation of linear non-conformational epitopes is easier, because any immunoreactive
zv contained within a single peptide fragment or single amino acid sequence

Wi is capable of being purified under a range of conditions.

Both non-conformational and conformational epitopes may be identified by virtue of
their ability tc bind detectabie amounts of antibadies (such as IgM or IgG) from sera
of animals immunised against or infected with Lawsorua spp. and, in particular L.
infracelfufaris, or an isolated polypeptide derived therefrom or, alternatively, by virtue
of therr ability (0 bind detectable amounts of antibodies in a purified g fraction derived
from such sera The anttbodies may be derived from ot contained within pools of
L. cional sera. or may be monoclonal antibodies. Antibody fragments or recombinant
a~tinodies, such as those expressed on the surface of a bacteiiophage or virus

pan Zic, auck as i a phage display library, may also be employed.

The dotermnatinn of T-cell epitopes is performed by analysing the ability of the
winicpe peclidss to induce the proliferation of peripheral blood lymphocytes or T-cell
ciones The identification of T-cell epitopes is accomplished using a variety of methods
as known in the art, including the use of whole and fragmented native or recombinant
antigenic protein, as weii as the more commonly ‘employed "overlapping peptide"
method. In the latter method, overlapping peptides which span the entire sequence of
a polypeptide derived from Lawsonia spp. are synthesized and tested for their capacity

to stimulate T-cell cytotoxic or proliferative responses mn vitro.

Stricture determination of both conformational non-linear and non-conformational
kncar epitopes may be performed by nuclear magnetic resonance spectroscopy (NMR)
~ r X-ray crystaliographic analysis. The determination of epitopes using X-ray
tecit: wues requires the protein-antibody complex to be crystallized. whereas NMR
allows analysis of the complex in a quid stale. NMR (reasures the amount of amino

wen 235 the neighbourhood of protons of-different amino acid residues,

wi-arein the alternating effect of two protons along the carbon backbone is
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characteristic of a particular epitope

~uoiessfue method to recognize non-conformational linear epitopes is the
unmunobict and in particular, the Western blot. Peptides may be generated fiom a
complete Lawsonia spp. polypeptide by digestion with site-specific proteases, such
as trypsin or chymotrypsin, and the peptides generated thereby can be separated
using standard etectrophoretic or chromatographic procedures. For example, after
electrophoresis according to molecular weight using SDS/PAGE (SDS/polyacrylamide

gel electrophoresis) and/or according to i1soelectric point using 1EF (isoeleciric

focussing) or altematively, by two-dimensional electrophoresis, the peptides can be

ir2esferred fo immobilizing nylon or nitroceliulose membranes and incubated with sera
raxs2qg against the intact polypeptides. Peptides that comprise immunogenic regions
{+&¢ B-cel or Tcell epitopes) are bound by the antibodies in the sera and the bound
antibedize may be detected using secondary antibodies, such as anti-igG antibodies,
that have been labelled radioactively or enzymatically The epilopes may then be
chor--torioe by zunficalion based upon their size, charg.e or ability to bind
spe~cary o antibodies against the intact polypeptide, using one or more
techniguJes, such as size-exclusion chromatography, ion-exchange chromatography,
affinity chromategraphy or ELISA among others. After purification of the epitope, only
one band or spot should be detectable with gel electrophoresis. The N-terminal or total
sequencing of the peptide offers the possibility to compare the peptide with known

proteins 1n databases.

‘Several computer-driven aigorithms have now been devised to search for T-cell

emtapes in proteins (Margalt et al, 1987; Vajda and C Delisi, 1990; Altuvia et al.,
1931 Parker of a/ 1994; DeGroot ef a/.,1995; Gabriel et a/, 1995; Me'ster et al., 1995).
trnse aigonihms search the amino acid sequence of a given protein for
charzctansucs believed to be common to immunogenic peptides. locating regions that
are likely to induce a cellular immune response in viirc. Computer-drivan algorithms

-0 OF a Lawsomg spp polypeptide that contain epitopes and are less

vmantie among ditferent isolates. Alternatively, computer -dniven algorithms can rapidly
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identify regions of each isolate's more variable proteins that should be included in a

M VACCING

The AMPHI algorithm (Margalit et af ,1987), which is based on the periodicity of T cell
epitopes, has been widely used for the prediction of T-cell antigenic sites from
sequence information alone. Essentially, AMPHI describes a common structural
pattern of MHC binding motifs, since MHC binding motifs (i.e.. patterns of amino acids
that appear to be common to most of the peptides that bind to a specific MHC
motecule) appear 1o exhibit the same periodicity as an alpha helix. ldentification of T-
cali epitopes by locating MHC binding motifs inan amino acid sequence provides an

eifective means of identifying immunogenic epitopes in diagnostic assays.

Th2 FoMer alnanthim (Meister ef al., 1995; Gabriel et al.,, 1995; DeGroot ef al., 1995)
locales clustered MHC binding motifs in amino acid sequences of proteins, based
upon the correlation hetwean MHC binding motif-dense regions and peptides that may
tias - e capacity lo bind to a vanety of MHC molecules (promiscuous or
muit icterminant binders) and to stimulate an immune response in these various MHC
contaxts as well {promiscuous or multi-determinant epitopes). The EpiMer algorithm
uses a library of MHC binding motifs for multiple class | and class 1l HLA alleles to
predict anigenic sites within a protein that have the potential to induce an immune
response in subjects with a variety of genetic backgrounds EpiMer locates matches
to each MHC-binding motif within the primary sequence of a given protein antigen. The
relative density of these motif matches 1s determined along the ltength of the antigen,
restitng in the generation of a motif-density histegram. Finally, the algcrithm identifies
et regions in this histogram with a matif match density above an algorithm defined
Zutell deonsdy value, and produces a hist of subsequences representing these
cho=:mr -4 or motf-rich ragions. The regions selected by EpiMer may be more likely
to act as multi-determinant binding peptides than randomly chosen peptides from the

anem o -ttt concentration of MHC-binding motif matches. The selection

of regons that are MHC binding motif-dense increases the likelihood that the predicted

peploe contains a 'valid” motif, and furthemare, that the reiteration of identical motifs
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mav annirin: *~ o nantide binding

Addiiicnal MHC binding matif-based algorithms have been described by Parker et
al {1934) and Altuvia ef al (1994). In these algorithms, binding to a given MHC
molecuie is predicted by 2 linear function of the residues at each position, based on
empirically defined parameters, and in the case of the Altuvia et a/.{1994) algorithm,

known crystatlographic structures may also be taken into consideration.

Recambinant methods offer the opportunity to obtain well characterized epitopes of
fugh purity for the production of diagnostic reagents and epitope -specific vaccine
-y ations {Mohapatra ef al,, 1995). Based upon the amino acid sequence of a linear
ordcpa ard identification of the corresponding nucleotide sequence encoding same,
otsrorase chan reaction (PCR) may be performed to amplify the epitope-encoding
region from cDNA. After cloning and expression in a sutiable vectoi/host system, a
tai + v 0f epitopes of tugh purity can be extracted. Accordingly, the present
inve~tion clearly extends to both isolated non-recombinant polypeptides and

recombinam polypeptides in an impure or isolated form

The term "polypeptide" as used herein shall be taken to refer to any polymer
consisting of amino acids linked by covalent bonds and includes within its scope full-
length proteins and parts or fragments thereof such as. for example, oligopeptides and
short peptide sequences consisting of at least about 5 amino acid residues, preferably
at ieast about 10 amino acid residues, more preferably at least about 12 amino acid
~~-lues, and even more preferably at least about 15 amino acid residues. Also
i ded within the scope of the definition of a "polypeplide” are ami‘» acid sequence
vanants, containing one or more preferably conservative amino acid substitutions,
Geletons, or insertions, which do not ailter at least one essential property of said
polypeptide such as. for example. its immunogenicity, use as a diagnostic reagent, or

-~ as a peplide vaccine agamnst Lawsona spp, amongst others.

3 Aooredingly. a polypeptide may be isolated from a scurce in nature. or chemically

synthesized [urthermore, a polypeptide may be derived from a full-length protein by
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1zt ue enzymatic cleavage, using reagents such as CNBr, trypsin, or

chymotrypsin, amongst others.,

Conservative amino acid substitutions are well-known in the art. For example, one or
more aminoe acid restdues of a native flagellar hook protein of the present invention
can be substituted conservatively with an amino acid residue of similar charge, size
or polarity, with the resulting polypeptide retaining an abildy te function in a vaccine
or as a diagnastic reagent as described herein. Rules for making such substitutions
ncluoe those described by Dayhof (1978). More specifically, conservative amino acid
substitutions are those that generaliy take place within a family of amino acids that are
~~atad in their side chains Genetically-encoded amino acids are yenerally divided
e ‘our groups: (1) acidic=aspartate, glutamate; (2) basic=lysine, arginine, and
histidine, (3) non-polar=alanine, valine, leucine, isoleucing, proline, phenylalanine,
methionine and iryptophan, and (4) uncharged polar= giycine, asparagine, glutamine,
vytenE senne, tnreoring, and tyrosine. Phenylalanine, tyrosine and tryptophan are
alzo oily ciassified as aromatic amino acids. One or more replacements within any
particular group such as for example, the substitution of leucine for isoleucine or
vahine or alternatively, the substitution of aspartate for giutamate or threonine for
serine, a1 of any other amino acid residue with a structuraily-related amino acid
residue, will generally have an insignificant effect on the function of the resulting
polypeptide.

The present invention is not limited by the source of the subject immunogen and
it arly extends o isolated and recombinant polypeptides which are derived from a

© o arsi o a non-natural occurning source,

The term "recombinant polypeptide” as used herein shall be taken to refer to a
o't ol L chos produced in vitro or in a host cell by the expression of a genetic
s£ece encoding satd polypeptide, which genetic sequence is under the control of
2 suitable promoter, wherein a genetic manipulation fas been performed in order to

achieve said expression Accordingly, the term “recombinant polypeptide" clearly
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- remoasses polypeptides produced by the expression of genetic sequences
contained In viral vectors, cosmids or plasmids that have been introduced into
prokaryotic or eukaryotic cells, tissues or organs. Genetic manipulations which may

be used in thrs context wili be known {o those skilled in the art and include, but are not

§ hmited {o, nucleic acid isolation, restricion endonuclease digestion, exonuclease
digestion, end-filling using the Klehow fragment of £ coll DNA polymerase | or T4
DNA polymerase enzymes, blunt-ending of DNA molecules using T4 DNA polymerase

or Exolil enzymes, site-directed mutagenesis, ligation, and amplification reactions. As
v be known {0 those skilled i the art, additional techmques such as nucieic acid

1 nyoridisations and nucleotide sequence analysis may alse be utilised in the

Lesearanan of recombinant polypeptides, in confirming the identity of a nucleic acid

’::’—
=
=

nniacke encoding a desired recombinant polypeptide and a genetic construct
comprising the nucleic acid molecule,

15 Vurenny ihe polypephide of the present invention is a recombinant pofypeptide, it may

gl

be oroduced in and, it desirable, isolated from a recombinant viral vector expression
system or host cell. As will be known fo those skilled i the relevant art, a cell for
production of 2 recombinant polypeptide is selected on the basis of several

pararmeters including the genetic constructs used to express the polypeptide under

20 consideration, as well as the stability and activity of said polypeptide. 1t will also be
known to those skilled in the art that the stability or activity of a recombinant
polypeptide may be determined, at least in part, by post-transiational modifications to

=0 polypeptide such as, for example, glycosylation, acylation or alkylation reactions,

Accordinalv. i~ a more particularly preferred embodiment, the present invention
v rewoiroinant polypeptide or a derivative, homologue or analogue thereof
a5 rresent In a virus particle, or as produced in prokaryotic or eukaryotic host cell, or

in = virus orcell culiure thereof,

("3
lw
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i e wi2sent invention also extends to a recombinant polypeptide according to any of
the foragoing embodiments which is produced in a bacterial cell belonging to the

genus /.awscnia, in particuiar a cell of L. intracellulans, or a culture thereof

The term “isolated polypeptide” refers to a polypeptide of the present invention which
has been purified to some extent, preferably to at least about 20% by weight of
proton, preferably to at {east about 50% by weight of protein, more preferably to at
a3t about 60% by weight of protein, still more preferably to at least about 70% by
. 1 of protein and even more preferably to at least about 8C% by weight of protein
greater. from s natural source or. in the case of non-naturally-occurring
oot orides from the culture medium or cellular environment in which it was

produced. Such isolation may be performed to improve the immunogenicity of the

A s e

)

o1 prasent invention, or to improve the specificity of the immune
rEsparse agsinst that polypeptide, or to remove toxic ar undesirable contaminants
tnorgirem The necessary or required degree of purity of an isolated polypeptide will
vary depending upon the purpose for which the polypeptide is intended, and for many
apnhrations 1w B~ suficient for the polypeptide preparation to contain no
conrtarninants which would reducé the immunogenicity of the polypeptide when
adrinistered o a host animal. in particular a porcine or avian animal being immunized
against PPE or, altemnatively, which would inhibit immuno-specific binding in an

irmrnoassay for the diagnosis of PPE or a causative agent therent

’

-+ -~

~urty of an isolated polypeptide of the present invention may be determined by
« <7 aenans kaown to those skilled in the art, including the degree of homogeneity of
3 LoLaan gieparaton as assessed by SDS/polyacrylamide gel electrophorests, 2-

dimensional electrophorests, or amino acid composition analysis or sequence

—t
i

referably, the polypephde of the present invention will be substantially homogeneous
or substantially free of nonspecific proteins, as assessed by SDS/polyacrylamide gel

electrophuresss, 2-dynensional electrophoresis, or amino acid composition analysis

uy

o
~

I5E

A
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or sequence analysis

Tha polyperptide of the present invention can be punfied for use as a component of a
vaccine composition by any one or a combination of methods known to those of
ordinary skill in the art, including, for example, reverse phase chromatography, HPLC,

wn-exchange chromatography, and affinity chromatography, ameng others

- preferred embodiment, the i1solated or recombinant palypeptide of the invention
feechions as a flagellar hook protein in a bacterium such as, for example, L.
witnesad 3rs of «s derived from a flagellar hook protein or, alternatively, is
immunologically cross-reactive with the L. infracellularis flageilar hock protein, FIgE,

of the present irvaniion

in a particularly preferred embodiment, the isolated or recombinant potypeptide of the
nvention s denved from Lawsoria spp. or other pathogenic agent associated with the
onset andfor developraznt of PPE and more preferabiy, the subject polypeptide is

derived from Lawscnia iniracellularis

A RB-cell or T-cell epitope of a FIgE polypeptide or a derivative, homologue or analogue

t-ir20f may comprise any combination of the following:

£y the primary amino acid sequence of a FigE polypeptide, known in the art
as a continuous non-conformational epitope;

(ii) the secondary structure which a FIGE polypeptide adopts, known i the
4t ias a continuous conformational epitope,

i, the tertiary structure which a FlgE polypeptide adopts in contact with
another region of the same polypeptide molecuie, known in the art as a
discontinuous caonformational epitope; or

vy ihe gquaternary structure which a FigE polypephide adopts in contact with

a region of another polypeptide molecule, known 1n the art as a

©
"
~3

[N}
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discontinuous conformational epitope.

Acuardingly, immunogenic polypeptides or denvatives, homologues or analogues
thereof camprising the same, or substantially the same primary amino acid sequence
are herenafter defined as "immunogens which comprise a B-cell or T-ceil epitope” or

similar term

immunogenic polypeptides or derivatives, homologues, or analogues thereof
zcmprisang different primary amino acid sequences may comprise immunologically
et Lalimrnunogens, because they possess conformational B-cell or T-celf epitopes
that are recognised by the immune system of a host species to be identical. Such

© golypeptides or derivatives, homologues or analogues thereof are
—ar i afier defined as “immunogens which mimic or cross-react with a B-cell or T-cell

epitope”. of simitar term.

Accordingiv, the present invention extends to an immunogen which comprises, mimics,
or cross-reacts with a B-cell or T-cell epitope of an isolated or recombinant
polvoeptide according to any one of the foregoing embodiments or a derivative,
nomsicgue or analogue thereol. In a particularly preferred embodiment, the present
invention provides an immunogen which comprises, mimics, or cress-reacts with a B-
.= or T-cell epitope of an isolated or recombinant polypeptide which in its native form
i obttainable from a species of Lawsonia such as, but not limited to L. intracellularis

00 Kuth polypeplide preferably functions as a flageliar hook protein.

Preferably. such immuriogenic polypeptides will not comprise a primary amsno acid

1w which 8 highly-conserved between L. intracellularis and another non-
~=. <gemc rmicroorganism which is normally resident in the gut or other organ of an
ammal N particular a porcine or avian animal. The significance of this exclusion to
those embodiments of the invention wherein specificily is essential to performance (eg

vizoane g aisgnostic apphications) will be apparent to those skilled in the art.



10

I5

N

[E%)
h

VAOFF RWMROY AWSUNLS PRV . 1045773

<18 -

In trus regard, the present inventors have shown that the N-terminal amino acid
sequance of the Figk oclypeptide derived from L. intraceliularis and the 5'-region of
the corresponding figes gene are less highly conserved among homologous genes and
polypephdes derived from other species, compared to the C-terminal region of the L.
infracellutans FIgE polypeptide and the 3°-region of the fgE gene. Accordingly, the N-
meninat region of the FIgE polypeptide is a particularly preferred immunogen for use

vaccination protocols and as diagnostic reagents in respect ot L. intracellularis.
. eanly, the 5'-end of the figE gene 1s particularly preferred for use as a diagnostic

roaoant for [ intracelluians.

To improve the immunaogenicily of a subject polypeptide of the present invention one
e a0t acids not corresponding to the original protein sequence can be added
1 e amino or carboxyl terminus of the polypeptide.  Such extra amino acids are
usetut for couphng the polypeptide to another peptide or polypeptide, to a large carrier
protein or {o a schid support  Amino acids that are usefu! for these purposes include
but zre net smwed fo tytasing, lysine, glutamic acid, aspartic acid. cysteine and
derivatives thereof Additional protein modification techniques can be used such as,
é.g.. NH,-acetylation or COOH-terminal amidation, to provide additional means for
countmg the polypentide to another polypeptide, protein, or peptide molecule, or to a
rord support. Procedures for coupling polypeptides to each other, or to carrier
romamns or sohd supports, are well known in the art Polypeptides containing the

oz mentioned extra amino acid residues at either the carboxyl- or amino-termini
ainr 2 e uncoupled or coupled to a carrier or solid support, are consequently within

the scope of the present invention.

Fuorarmare, (he polypeptide can be immobilised to a polymeric carrier or support

vmE gt -
R Extialaio]

In an allernative craodiment, the immunogenicity of a polypeptide of the present
Invenuon may be improved using molecular biology techniques to produce a fusion

protein containing one or more polypeptides of the present invention fused 1o a carrier
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molacules such 3s a highly immunogenic protein. For example, a fusion protein
containing a polypeptide of the present invention fused to the highly immunogenic B
subunit of cholera toxin can be used to increase the immune response to the
potypeptide The present invention also contemplates fusion profeins comprising a
CyiU<aie, such as an interleukin, fused to the subject poiypeptide of the present

v enton, and genes encoding same

F-=eaby the polypeptide of the present invention, or a derivative, homologue or
& ogue thereof, when administered to a mammal, induces an immune response in
said mammal. More preferably, the polypeptide of the present invention, when

ares oo a mamimal, in particular a porcine animal (e.g., a piQ) induces a
~oorathye rmmung response against Lawsoma spp., and preferably against L.
mtraceliulans. therein. As used herein, the phrase "induction of a protective immune
response” and the fike. refers to the ability of the administered polypeptide of the
presnnt invertian to pravent or detactably slow the onset, development, or progression
of symptoms associated with Lawsonia infection, and preferably, {o prevent or
detectably slow the onsel, development, or progression of symptoms associated with

HEE N mgs

i+ - frrabiy, the immuncgenic polypeptide of the invention comprises an amino acid

e =nce which is substantially the same as the amino acid sequence set forth in SEQ
o MG or s 2t least about 60% identical overall to SEQ ID NO:1, or is at least about
73% identical to at least 8 contiguous amino acids of SEQ 1D NO'1  In a preferred
embndiment the 'mimunogeruc polypeptide of the present invention consists

iy of the amino acid sequence of SEQ 1D NO:1 or the amino acid sequence
entnoed by the FigF-encoding nucleotide sequence present in pALK11 (ATCC

2071 56)

For ihe purposes of normenclature, the amino acid sequence set forth :n SEQ ID NO:1

represents the amino acid sequence of the FIgE polypeptide encoded by the Lawsonia
intracellulans flgk gene. The nucleotide sequence of the L. intracellularis figE gene

o
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Preferably, the percentage amino acid sequence identty lc SEQ ID NO:1 i1s at least
about 70%, miore prelerably at least about 80%, even more preferably at least about

S5 and sl ever more preferably at least about 95%

1o =-emempng whiether or not two amino acid sequences fail within these percentage
o s, theose skiiled in the art will be aware that it is necessary to conduct a side-by-
side comparisan or multiple alignment of sequences I such comparisons or
alinnments  ditfarences will anse in the positoning of non-identical residues.
«oeemudin gy uper the atgonthm used to perform the alignment  In the present context,
r2iorence to a percentage sequence identity or similarity between two or more amino

cid ssguences shalt be taken to refer to the number of identical and similar residues
respectively, pehvean sad sequences as determined using any standard algorithm
known to these skilled in the art For example. amino acid sequence identities or
swptanties may be calculated using the GAP programme of the Computer Genetics
Groun o, University Research Park, Madison, Wisconsin, United States of Arnerica

(Drenrczux ef @l 1984). The GAP programme utilizes the aigorithm of Needleman

S Whanseh (1970) to maximise the number of dentical/simifar residues and to -

.. mise the number and/or length of sequence gaps ir: the alignment. Alternatively
e Aadoiton, where more than two amino acid sequences are being compared, the

Clust ™ programme of 'hompson ef af (1994) can be used.

- sl suv: embodiment, the present invention provides an isolated or
s an inmunogenic polypephide which comprises, mimics or cross-reacts with
a B cell or I'-cell epitope of the FIgE palypeptide derived from Lawsonia spp. wherain
said 1solated or recombinant immunogenic polypeptide comprises an amino acid
sequence which comprises at least 5 contiguous amino acid residues of SEQ ID NO-1

or a homaoiogue, analogue or derivative thereof.

Prafarably, the 'sclaied or recombinant immunogenic polypeptide of the invention
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comprises at least about 10 contiguous amino acids derived from SEQ ID NO:1, more

preferably at least about 20 contiguous amino acid residues derived from SEQ 1D

NQ 1, even more preferably at least about 30 contiguous amino acid residues derived

frorn SEQ 1D NO.1 and still even more preferably at least about 40 contiguous amino
s i resigues denved from SEQ ID NO:1.

{te2 prasent invenlion further encompasses homologues, analogues and derivatives

cf a poiypeptce comprising the amino acid sequence sat forth in SEQ 1D NO:1.

A -z of a polypeptide are those polypeptides which contain amino acid
s-.matations, deletions andfor additions relative to the polypeptide without altering one
or mare of #s properties, such as its immunogenicity, biological activity or catalytic
activity In such molecules, amino acids can be replaced by other amino acids having

simutar propzties such as, for example, hydrophobicity, hydrophiticity, hydrophobic

15 moment, antigenicity, propensity to form or break a-helical structures of B-sheet

L
i

structures, and so on

e e R

< <Higtiopai variants are those in which at least one residue in the sequence has

r«~=n removed and a different residue inserted in its place. Amino acid substifutions

(18]

2 are ,oically of single residues. but may be clustered depending upon functional
consiramnts p'aced upon the polypeptide; insertions wall usually be of the order of about
1-1d emino actd residues and deletions will range from abott 1-20 residues.,

. Preferably, amino acid substitutions will comprise consetvative amino acid

—i-nat 34uch as those described supra.

Insartionat amine acid sequence variants are those in which one or more amince acid
resiques are Introduced into a predetermined site in the protein. Insertions can
commise 20.aG-l2rwnal and/or carboxyl terminal fusions as well as intra-segquence

nscrhisns of single or multiple amino acids. Generally, insertions within the amino

[V
o)

acid sequence will be smaller than amino or carboxyl terminal fusions, of the order of

2ot 1 to 4 resicives.
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{Jeletional vanants are charactensed by the removal of one or more amino acids from

the sequence

~nn acid vanants of the polypeptide of the present invention may readily be made

- -7 pechae synthetic techmques well known in the ant, such as solid phase peptide
sy-thasis and the bike, or by recombinant DNA manipulations. The manipulation of
LDNA sosuznces (o produce variant proteins which manifest as substitutional,
insertional or deletional vanants are well known in the art For example, techniques
far m-tic~ - ahatitition mutations at predetermined sites in DNA having known

¢ aogueincs are well known to those skilled in the art, such as by M13 mutagenesis or

orhior site directed mutaganesis protocol.

"Analoguzs" are defired as peplides, oligopeptides and polypeptides which are
functionaily equivalent 1o the peptides of the present invention but which contain

15 certain non-naturally occurring or modified amino acid residues as will be known to

theze skiled in the art Azcordingly, an "analogue” as defined herein need not
S€ an amino acig segquence which is similar 10 the amino acid sequence set

.

e such as, for example, peplides, oligopeptides and polypeptides which are

=~ - ~d from computanional predictions or empinical data revealing the secondary.

o o

20 e cens o guaternary structure of the polypeptide of the present invention, and which
He s e an not comprise the same primary amino acid scquence of sand polypeptide,
yet nevertheless mimic or cross-react with B-celi or T-ceil epitope of Lawsonia spp.

. T¥ v Gy, nmMC or cross-react with B-cell or T-cell epitope of Lawsonia

it eafluians

N
S

For example, mimatapes (polypeptide analogues that cross—react with a B-cell or T-cell
epitcpe of e Lawsous pelypeptide of the invention but, however, comprise a different
amino acid sequence to sa:d epitope) may be identified by screening random amino

aciid sequences in peptide I'branes with antibodies tha: bind to a desired T-cell or 8-

L
<Q

<ol 2oitope As with techniques for the identification of B-cell or T-cel! epitopes as

Py rped sugra. the antibodies used to dentify such mumotopes may be polycionat
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or monocional or recombinant antibodies, in crude or purified form. Mimotopes of a T-
celi opitane may then te assayed further for their ability to stimulate T-cell cytotoxic
o proffecstive responses in vitro  Mimotopes are particularly useful as analogues of
-~ wpozs (e conformational) epitopes of the polypeptide of the present invention.
o o use confarmational epitopes are generally formed from non-contiguous regions
- pelpeptide and the mimotopes provide immunogenic equivalents thereof in the

form or a singie peptide molecule.

-

.. . ..zuy. the use of polypeptide analogues can result in polypeptides with
e 2ased iImmunogenic and/or antigenic achivity, that are less sensitive to enzymatic
dagradation, and which are more selective A suitable proline analogue is 2-
aminocyclopantane carboxylic acid (BAC c) which has been shown to increase the
immurniogenic aciivily of 3 native polypeptide more than 20 times (Mierke et a/, 1990;
Portoghese er af. 1980; Goodman el al, 1987).

‘T=rvatives ' of a polypeptide described herein are those peptides. oligopeptides and
—otrrsatoes which comprise at least about five contiguous amino acid residues of the
“o s and szouencs set forth in SEQ ID NO:1. A “derivative” may further comprise
~zt aaturally-occurning, altered glycosylated, acylated or non-naturafly occurring

= - sond revidues comnpared to the amino acid sequence set forth in SEQ 1D NO:1.

Aiternatively or in addition, a derivative may comprise one or more non-amino acid

suhectityinnta =~k

v

« for example. g reporter molecule or other ligand, covalently or
rese-covalently bound to the amino acid sequence such as, for example, a reporter
ol ile which is bound thereto to facilitate its detection.

Other examples of recomibirant or synthetic mutants and dernivatives of the peptide
immunagens of the present invention include those incorporating single or muitiple
substitutions, deletions andfor additions therein, such as carbohydrates. linids and/or

pratengs of nolypentdes  Naturally occurring or altered glycosylated or acylated forms

g

s.inect peptdes are particularly contemplated by the present invention.

nensly nomopolymers or heteropolymers comprising one or more copies of the
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subject peptide histed in SEQ {D NO 1, or one ar more derivatives, homologues or

analogues thereof, are within the scope of the invention.

o eahly homologuss, analogues and derivatives of the polypeptide of the invention

S oeremagonie”, defined hereinafter as the ability of said polypeptide, or a
gz, aiva homelogue or anatogue thereof, to elicit B cell and/or T cell responses in

the host, in response to immunization.

re72oren nomologues, analagues and derivatives of the amino acid sequence set
1G forth in SEQ 1D NO-1 include those amino acid variants that function as B cell or T cell
ecitepes of said amino acid sequence which are capable of mediating an immune
response such as, for example, mimotopes of the immunogenic polypeptide described
heremn which: himve been produced by synthetic means, such as by Fmoc chemistry.

The only requirement of such molecules 1s that they cross-react immunologically with

-
A

1 po'voepbde wheh compnises the amino acid sequence set forth in SEQ ID NO. 1 or

zE

[t

a dzroabive thersof which comprises at least 5 contiguous amino acids in iength of

LI

t
i

: < apparent 1o mose skilled in the ant, such homologues, analogues and

E 20 oo wes tothe poiypeptide of the invention molecules wiil be useful to prepare
antibodies that cross-react with antibodies against said poiypentide and/or to elicit a

- e fBsponse of similar specificity to that slicited by said polypeptide.

. Semn melanules will also be useful in diagnostic and other applications that are

immunologieal in nature such as for example, diagnostics which utilise one or more
15 wrmunoassay formats (eg ELISA, RIA and the like).

Accordingly, the immunogen of the present invention or a derivative, homologue or
analogue trereof is useful in vaccine compositions that protect an individual against

~fowhon sy Lomiraceflulans and/or as an antigen to elicit polycional or monoclonal

~hioay preduction and/or in the detection of anttbodies against L. intracellutans in

vorals padicutarly in porcine and avian animals.
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T present inventors have afso shown that the amina acid sequence set forth in SEQ
' NGO i s parlicularly unique, as compared to other immunogenic amino acid
-~ wEnces, including thase of the flageltar hook proteins derived from other bacteria
Ty eches, oigopeptides and polypeptides which comprise unique epitope
s gexas of SFQ I3 NO 1 as described in Figure 1, wili have improved specificity
compared to other regions of the Lawsonia spp Figk molecule. The particutar
advantaqes of stich peptides will be immediateiy apparent ta those skilled in the
LI a7 GF YACCING compositions, where  specificity aga‘mst a pathogen of interest

12 30 important consideration.

The unique regions of the {  intracellularis FIQE polypeptide are promising antigenic
peptdes tor e formuiation of Lawsonia-specific vaccines and diagnostics for the

speciiic detaction of Lawsonja spp. in biological samples.

A =erond aspect of the present invention provides a vaccine composition for the
roglzxes o treatment of infection in a mammal or bird by L intracellulans or similar
e s eelated microorganism, said vaccine composition comprising:

ar mmunogenic component which comprises an isolated or recombinant
1. feneptide hav.ng st least about 60% overall amino acid sequence identity to
the amino acid sequence set forth in SEQ 1D NG:1 and/or comprising at feast
5 -~-¢ ruous amino acids derived from SEQ ID NO'1 or ax;\ mmunogenic
hommeologue, analogue or dernivative thereof which is immunologically cross-
reactive with Lawsonia intracellulans, and
(i) one or more carriers, diluents and/or adjuvants suitable for veterinary or
pharmaceutical use

As used herein, the lerm “immunogenic component” refers to a peptide, polypeptide
or A nrotamn encoeded by DNA from, or derived from, {  infracelfufaris or a related
“izraargenismn thereto which is capable of inducing a protective immune response in

«mal, w3 parlicdiar a porcine or avian animal, whelher or not said peptide,

< EDUGE Or protein s in an isolated or recombinant form  Accordingly, the vaccine
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e osiion cleany encompasses those vaccine compositions which comprise
e rpatad, kilied or non-pathogenic tsolates or forms of L. intracellularis or related

",

 crnoroanisms thereto  which comprise or express said peptide, polypeptide or

VA

By “protective immune response” is meant that the immunogenic component elicits an

~2onsa in the animal to which the vaccine composition 1s admunistered at
in= ~ymoral and/or cellular level which is sufficient to prevent infaction by Lawsonia
mtracefiutans or a related microorganism thereto andfor which is sufficient to
datactably reduce one or more symptoms or conditions, or to detectably slow the onset
of one oF inore syrigioms or conditions, associated with infection by Lawsonia
intracellulans or a related microorganism thereto in an animal host, as compared to a
zontrol infected apimal. The term “effective amount” of an immunogenic component
prEsent in the vaccine composition refers to that amount of said immunogenic

~ont ansnd that 1s capable of inducing a protective immune response after a single

Y

Toriste

Q.

ose has bLeen administered, or after severai divided doses have been

et

I3
(9

el

Fier2iaply, the polypeptide component of the subiect vaccine composition comprises
an amino acid sequence which is both immunogenic and specific, by virtue of its

woeabasgical  cross-reactivity with  the  causative agent &f PPE, Lawsonia
mi-goelflulans In this regard, it will be apparent from the preceding description that
sur.hy polypeptide components may comprise an amino acid sequence derived from
SEQ D NO1 or a hamolegue analogue or derivative of the amino acid sequence set

forth in SF 0O D MO 1 such as, for example, a mimotope of said sequence.,

ihe immunogenic polypeplide or immunogenic homologue, analogue or derivative
sy pe a naturaily-occurning peptide, oligopeptide or polypeptide in isolated or

«x.orabirant form according ta any of the embodiments described supra or exemplified

- Preferzbly  the immunogenic polypeptide of immunogenic homolague,

eque o derivative s denved from Lawsonia spp.. in particular L. infracellularis or
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& rmnrporganism thal is related thereto

<l rraldy, the immunogenic component has undergone at least one purification step
or 7 wxasi partta: concentration from a cell culture comprising L. intracellulans or a
related microorganism thereto, or from a lysed preparation of L. intracellufaris cells or
ret=d o ~icemaeymnizmn of from another culture in which the immunogenic component
- =« a2mhinantly expressed  The purity of such a component which has the requisite
immeniogenic properties is preferably at least about 20% by weight of protein in a
rarucular preparation, more preferably at least about 50%, even more preferably at
laast about 60%, still more preferably at least about 70% and even more preferably

al lz2ast about 8C% or grealer.

The immunogenic component of the vaccine aof the present invention can comprise a
sinale peplide. polyveptide or protein, or a range or combination of different peptides,
C o pentges Or protemns covernng different or similar epitopes.  In addition or,
s 2vely g osingle pelypeptide can be provided with muiltiple epitopes. The iatter

~o ez raferrod "o as a polyvalent vaccine. A multipie epitope includes two

1t e zpdupes located within a peptide or polypeptide molecule

cormuostion of vacoines 1S generally known in the art and reference can
ro~uenieatly be made to Remington's Pharmaceutical Sciences, 17th ed., Mack
Publishing Co , Easton Pennsylvania, USA

A partic.itarty useful form of the vaccine 1s a recombinant vaccine produced, for
cvample, in a vaccine vector, such as but not imited to a cell transfected with a

vaccmia virus vector or a bacterial cell capable of expressing the immunogenic

wesEmr mvenhon cloarly extends (o recombinant vacaine compositions in which
re emegnogenic component at least is contained within killed vaccine vectors

Y exzimple by heat formalin or other chemical treatment, electric shock
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= 5k oor low pressure forces. According to this embodiment, the immunogenic
- =-reacnt of the vaccine is generally synthesized in a live vaccine vector which is

= e avenr tg gdministration to an animal.,

Furthermore, the vaccine vector expressing {he immunogenic compenent may be non-

=37l OF attenuated. Within the scope of this embodiment are cells that have
cen wansfected with non-pathogenic or attenuated viruses encoding the
immunogenic component of the vaccine and non-pathogenic or attenuated cells that

directly express the immunogenic component

Atteruated or non pathagenic host cells include those cells which are not harmful to
an animal to which the subject vaccine is administered. As will be known to those
skillad in the ari, “live vaccines” can comprise an attenuated virus vector encoding the
~ anagenic component or a host cell comprising same, which ts capable of
~otroating noan ammal (o which it is administered, and using host cé!( machinery to

- hemmunoganic componant albeit producing no adverse side-effects therein.
Lo opemire vectors may celonise the gut or ather organ of the vaccinated animal.
Such tive vaccine vectors are efficacious by virtue of their ability to continually express
the immeammanes component (n the host anvmal for a time and at a level sufficient to
rwr mroteclive immunity against a pathogen which expresses an immunogenic
aquwvalent of said immunogenic component. The present invention clearly
encompasses the use of such attenuated or non-pathogenic vectors and live vaccine

preparations

The vatone vector may be a virus, bactenal cell or a eukaryotic cell such as an avian,
oz or othar mammalian cell or a yeast celf or a cell line such as COS, VEROQ,
Hel 2 mouse C127, Chinese hamster avary (CHO), WI-38, baby hamster kidney
~-Aor MDCK cedt lines  Surtable prokaryotic cells include Mycobacterium spp.,
< cetantenum  spp, Salmonella spp, Escherichia -coli, Bacillus spp. and
“reras spp. amongst others  Bacterial strains which are suitable for the

T4 T owrnose are well-known in the refevant art (Ausubel ef al, 1987 Sambrook
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Qo1 ~alls and cell ines are capable of expression of a genetic sequence encoding
a FIgE peptide, polypeptide or protein of the present invention from L. intracefiulans

- atacrive 1o induce a protective immune response in the animal. For
examole, a nan-pathogenic bacterium could be prepared containing 2 recombinant
seaguence capable of encoding a peptide, polypeptide or protein from L. intracellularis.
The recombinamnt sequence would be in the form of an expression vector under the
control ot & constitutive or inducible promoter. The bactenum would then be permifted
to colonise suitable locations in a pig's gut and would be permitted to grow and
produce the recombinant peptide. palypeptide or protein in amount sufficient to induce

a protective immune response against L. intracellularis.

i 2 yurther allernalive embodiment, the vaccine can be a DNA or RNA vaccine
enonsing & DNA or RNA molecule encoding a peptide, polypeptide or protein of the
orerant wuention wiich 1s injected info muscular tissue or other suitable tissue in a pig
Lnnes condoons sufficent to permit transient expression of said DNA or RNA to
praduce an amount of peptide, polypeptide or protein effective to induce a protective

» o annge  in a preferred embodiment, the DNA vaccine is in the form of a
r=smid, in which the DNA is operably connected with a promoter region capabie of
exprassing the nucleotide sequence encoding the imr.nunogen in cells of the

immunized animal

in the production of a recombinant vaccine, except for a DNA vaccine described
hereir, 1t1s therefore necessary to express the immunogenic component in a suitable
vector system. f-or the present purpose, lthe immunogenic component can be
firvanged by
i placing an isolated nucleic acid malecule in an expressible format, said
redtzic aod miclecule comprising the coding region of the nucleotide sequence
set forth in SFQ 1D NO'? or a protein-encoding homologue, analogus or

aervauve of SEQ (D NO'2 selected from the group consisting of
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(a) nucleotide sequences that have at least about 60% sequence
identity to SEQ 1D NO:2;
(b) nucleatide sequences that hybridise under at least low stringency
Hvhridieatinon preferably under at least moderate stringency conditions,
and even more preferably under at least high level stringency
conditions, to the complement of SEQ ID NO:2; and
{c) nuclestide sequences that encode the amino acid sequence set forth
in SEQ ID NO:1 or a homologue, analogue or derivative thereof,
nchiding. for example, a mimotope of the amino acid set forth in SEQ 1D
NO:1,
(i) introducing the isolated nucleic acid molecule of (i) in an expressible
farmat into 2 suitable vaccine vector, and |
(i)  incubating or growing the vaccine vector for a ime and under conditions
sutficient for expression of the immunogenic component encoded by said

nyciaic acid molecule to ocour.

For the purposes of defining the level of stringency, a low stringency s defined herein
==L, Lnd snnsy andfor a wash carried out in 6xSSC buffer, 0.1% (w/v) SDS
“8 O A moderate stringency is defined herein as being a hybridisation and/or
washng camed cut in 2xSSC buffer. 0.1% (wiv) SDS at a temperature in the range

i)
0

45°C to 65°C. A high stringency is defined herein as being a hybridisation and/or
wash carried out in C 1x8ST puffer. 0.1% (wiv) SDS at a temperature of at least 65°C.

Generally, the stringency is increased by reducing the concentration of SSC buffer,
andfor increasing the concentration of SDS and/or increasing the temperature of the

byvordisavon and/or wash  Those skilled in the art will be aware that the conditions

for vhridisation and/or wash may vary depending upon the nature of the hybridisation
crare or the type of hybridisation probe used. Conditions for hybridisations and
v e well understood by one normally skiiled in the art. For the purposes of

¢ @t anon of the parameters affecting hybridisation between nucleic acid molecules,

reference 1s found in pages 2.10.8 (0 2.10.16. of Ausube! ef a/ (1987), which is herein



10

20

30

P AOPERMWMROMAWION 4 PRV - 10509

iveorporated by reference.

As used herein, a "nucleic acid malecule in an expressible formal” is a protein-
-~ ragion of a nucleic acid molecule placed in operable connection with a
zromoter or other regulatory sequence capable of regulating expression in the vaccine

vector system

Reference herein to a “promoter” is to be taken in iis broadest context and includes
the transcriptional regulatory sequences of a classical genomic gene, including the
TATA box which is required for accurate transcription initiation, with or without a
CCAAT box sequence and additional regulatory elements (i.e., upstream activating
sequenceas, enhancers and silencers) which alter gene expression in response to
sevelopmental and/or external stimuli, or in a tissue-specific manner. In the present
comtext, the term “promoter” is also used to describe a recombinant, synthetic or fusion
~~ecula or denvative which confers, activates or enhances the expression of a
nucleic acid molecule to which it is operably connected, and which encodes the
immunogenic polypeptide. Preferred promoters can contain additional copies of one
- fnore specific regutatory elements to further enhance expression and/for to alter the
~panal expression and/or temporal expression of the said nucleic acid molecule.

Placing a nucleic acid molecule under the regulatory control of i.e., “in operabie
connecuon with” a promoter sequence means positioning the said molecule such that
expression is controiled by the promoter sequence Promoters are generally, but not
necessarily, positioned 5' (upslream) to the genes that they control In the
construclion of helerologous promoter/structural gene combinations it is generaily
oreferred to position the promoter at a distance from the gene transcription start site
izt s gpproxmately the same as the distance between that promoter and the gene
t ~onicels i its natural setting, i e, the gene from which the promoter is derived.
Fuitrermere, the reguiatory elements comprising a promoter are usually positioned
withun 2 kb of the start site of transcription of the gene As is known in the art, some

o adiessy e Ty

- ¥3tance can be accommodated without loss of promater function.
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Similarly, the preferred positioning of a requlatory sequence element with respect to
a heterologous gene to be placed under its control is defined by the positioning of the
element in its natural setting, i.e., the genes from which it is derived. Again, as is

known in the art, some variation in this distance ¢an also occur.

The prerequisite for producing intact polypeptides in bacteria such as E. coli is the use
of a strong promoter with an effective ribosome binding site. Typical promoters
suitable for expression in bacterial cells such as £. coli include, but are not limited to,
the /acz promoter, temperature-sensitive A, or A, promoters, T7 promoter or the IPTG-

10 inducible tac promoter. A number of other vector systems for expressing the nucleic

acid molecule of the invention in E. coli are well-known in the art and are described,
for exampie, in Ausubel et af (1987) or Sambrook et al (1989), Numerous plasmids
with suitabie promoter sequences for expression in bacteria and efficient ribosome
binding sites have been described, such as for example, bKC30 (A Shimatake and

15 Rosenberg, 1981), pKK173-3 (fac. Amann and Brosius, 1985), pET-3 (T7: Studier and

Moffat, 1986), the pFLEX series of expression vectors (Pfizer Inc., CT, USA) or the
pQE series of expression vectors (Qiagen, CA), amongst others. Typical promoters
suitable for expression in viruses of eukaryotic cells and eukaryotic cells include the
SVA40 late promoter, SVA40 early promoter and cytomegalovirus (CMV) promoter, CMV

20 |E (cytomegalovirus immediate early) promoter amongst others.

Means for introducing the isolated nucleic acid molecule or a genetic construct
comprising same into a cell for expression of the immunogenic component of the
vaccine composition are well-known to those skilled in the art. The technique used for

25 a given organism depends on the known successful techniques. Means for

introducing recombinant DNA into animal cells include microinjection, transfection
mediated by DEAE-dextran, transfection mediated by liposomes such as by using
lipofectamine (Gibco, MD, USA) andlor cellfectin (Gibeo, MD, USA), PEG-mediated
DNA uptake, electroporation and microparticle bombardment such as by using DNA-

30 coated tungsten or gold particles (Agracetus Inc., WI, USA) amongst others.
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The immunogenic component of a vaccine composition as contemplated herein

exhibits excellent therapeutic activity, for example, in the treatment and/or prophylaxis

of PPE when administered in an amount which depends on the particular case. For

example, for recombinant peptide molecules, from about 0.5 ug to about 20 mg may

S be administered, preferably from about 1 g to about 10 mg, more preferably from

about 10 ug to about 5 mg, and most preferably from about 50 nq to about 1 mg

equivalent of the immunogenic component in a volume of about 1ml to about Smi. For

DNA vaccines, a preferred amount is from about 0.1 zg/ml to about 5 mg/ml in a

volume of about 1 to about 5 mi. The DNA can be present in "naked” form or it can be

. 10 administered together with an agent facilitating cellular uptake (e.g., in liposomes or

' cationic lipids). The important feature is to administer sufficient immunogen to induce

a protective immune response. The above amounts can be administered as stated or

calculated per kilogram of body weight. Dasage regime can be adjusted to provide the

optimum therapeutic response. For example, several divided doses can be

15 administered or the dose can be proportionally reduced as indicated by the exigencies
of the therapeutic situation. Booster administration may aliso be required.

i
i

==
]
il
B

The vaccine of the present invention can further comprise one or more additional
immunomadulatory components such as, for example, an adjuvant or cytokine

20 molecule, amongst others, that is capable of increasing the immune response against

o

the immunogenic component. Non-limiting examples of adjuvants that can be used in
the vaccine of the present invention inciude the RIBI adjuvant system (Ribi Inc,,
Hamilton, MT, USA), alum, mineral gels such as aluminium hydroxide gel, oil-in-water
. emulsions, water-in-oil emulsions such as, for example, Block co-polymer (CytRx,
25 Atlanta GA, USA),QS-21 (Cambridge Biotech Inc., Cambridge MA, USA), SAF-M
(Chiron, Emeryville CA, USA), AMPHIGEN® adjuvant, Freund's complete adjuvant;
Freund's incomplete adjuvant, and Saponin, QuilA or other saponin fraction,
monophosphoryl lipid A, and Avridine lipid-amine adjuvant. Other immunomodulatory
agents that can be included in the vaccine include, for example, one or more
30 cytokines, such as interferon and/or interleukin, or other known cytokines. Non-ionic
surfactants such as, for example, polyoxyethylene oleyl ether and n-hexadecyl
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polyethylene ether may also be included in the vaccines of the present invention.

The vaccine composition can be administered in a convenient manner such as by oral,
intravenous (where water soluble), intramuscular, subcutaneous, intranasai,
5 intradermal or suppository routes or by implantation (eg., using slow release
technology). Depending on the route of administration, the immunogenic component
may be required to be coated in a material to protect it from the action of enzymes,

acids and other natural conditions which may inactivate it, such as those in the
digestive tract.

10
‘ The vaccine composition may also be administered parenterally or intraperitoneally.
Dispersions can also be prepared in glycerol, liquid polyethylene glycols,and mixtures
thereof, or in oils. Under ordinary conditions of storage and use, these preparations
= can contain a preservative to prevent the growth of microorganisms. Altematively, the
;_ .15 vaccine composition can be stored in lyophilised form to be rehydrated with an

appropriate vehicle or carrier prior to use.

Pharmaceutical forms suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporaneous
20 preparation of sterile injectable solutions or dispersion. In all cases the form must be
fluid to the extent that easy syringabllity exists, unless the pharmaceutical form is a
solid or semi-solid such as when slow release technology is employed. In any event,
it must be stable under the conditions of manufacture and storage and must be

. preserved against the contaminating action of microorganisms.
25

The carrier may be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol and liquid polyethylene glycol,
and the like), suitable mixtures thereof and vegetable oils. The proper fluidity can be
maintained, for example, by the use of a coating such as lecithin, by the maintenance
30 of the required particle size in the case of dispersion and by the use of surfactants.

The prevention of the action of microorganisrns can be broﬁght about by various
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antibacterial and antifungal agents such as, for example,, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal and the like. In many cases, it will be preferable to
include isotonic agents such as, for example,, sugars or sodium chloride. Prolonged
absorption of the injectable compositions can be brought about by the use in the

5 compositions of agents delaying absorption such as, for example,, aluminum
monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the active compound in the
required amount in the appropriate solvent with various of the other ingredients
‘ 10 enumerated above, as required, followed by filter-sterilization. Generally, dispersions

: are prepared by incorporating the sterilized active ingredient into a sterile vehicle
‘:__ which contains the basic dispersion medium and the required other ingredients
5—— selected from those enumerated above. In the case of sterile powders for the
E preparation of sterile injef:table solutions, the preferred methods of preparation are
by

15 vacuum drying and the freeze-drying technique which yietd a powder of the active

ingredient plus any additional desired ingredient from previously sterile-filtered
salutian thereof.

£

B

bop 6.0

"t
o

The present invention extends ta vaccine compositions which confer pratection against

20 infection by one or more isolates or sub-types of L. infracellularis including those that
belong to the same serovar or serogroup as Lawsonia intracefjularis. The véocine
composition preferably also confers protection against infection by other species of the

Z genus Lawsonia or other microorganisms related thereto; as determined at the
‘ nucleotide, biochemical, structural, physiological and/or immunointeractive level; the
25 only requirement being that said other species or other microorganism expresses a

i

polypeptide which is immunologically cross-reactive to the polypeptide of the invention
described herein. For example, such related microorganisms may comprise genomic
DNA which is at least about 70% Identical overall to the genomic DNA of Lawsonia

intracellutaris as determined using standard genomic DNA hybridisation and analysis
30 techniques.
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The terms "seragroup” and "seraovar” relate to a classification of microorganisms which
is based upon serological typing data, in particular data obtained using agglutination
assays such as the microscopic agglutination test (MAT). Those skifled in the art will
be aware that serovar and serogroup antigens are a mosaic on the cell surface and,
as a consequence there witl be no strict delineation between bacteria belonging to a
serovar and/or serogroup. Moreover, organisms which belong to different species may
be classified into the same serovar or serogroup because they are indistinguishable
by antigenic determination. As used herein, the term "serovar' means one or more
Lawsonia strains which are antigenically-identical with respect to antigenic
determinants produced by one or more [oci. Quantitatively, serovars may be
differentiated from one another by cross-agglutination absorption techniques. As used
herein, the term “serogroup" refers to a group of Lawsonia spp. whose members cross-
agglutinate with shared group antigens and do not cross-agglutinate with the members
of other groups and, as a consequence, the members of a serogroup have more or
less close antigenic relations with one another by simple cross-agglutination.

The present invention thus clearly extends to vaccine compositions for the treatment
and/or prophylaxis of animals, in particular, vaccine compositions for the treatment
and/or prophylaxis of porcine and/or avian species, against any bacterium belonging
to the same serovar or serogroup as Lawsonia intracellularis. Preferably, such
organisms will express a polypeptide having an amino acid sequence identity of at
least about 60% overall with respect to SEQ 1D NO:1.

The present invention extends further to vaccine compositions capable of conferring
protection against a ""genetic variant” of Lawsonia intracellularis, the only requirement
being that said variant expresses a polypeptide having an overall amino acid
sequence identity of at least about 60% with respect to SEQ 1D NO:1 and/or comprises
at least about 5 contiguous amino acid residues derived from SEQ 1D NO:1 or a
homologue, analogue or derivative thereof which is immunologically cross-reactive
thereto. Genetic variants of L. intracellufaris can be developed by mutation,

recombination, conjugation or transformation of L. intracellularis or may occur

# 40/ 82
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naturally. 1t will be known to a person skilled in the art how to produce such

derivatives.

In a particularly preferred embodiment, the vaccine composition of the invention is

5 intended for or suitable for the prophylaxis and/or treatment of infection in a porcine

or avian animal and more preferably, for prophylaxis andfor freatment of a porcine
animal for infection by L. intracellularis.

in a particularly preferred embodiment, the vaccine composition of the invention is

10 intended for or suitable for the prophylaxis and/or treatment of infection in a porcine

or avian animal and more preferably, for prophylaxis and/or treatment of a porcine
animal for infection by L. intracellularis.

Accordingly, the present invention clearly extends to the use of the immunogenic

15 polypeptide of the invention according to any one of the preceding embodiments or as

exemplified herein in the preparation of a medicament for the treatment and/or
prophyiaxis of PPE in animals, particularly porcine or avian animals.

The invention further extends to a method of treatment and/or prophylaxis of PPE in

20 an animal such as an avian or porcine animal, said method comprising administering

the vaccine composition or the immunogenic polypeptide of the invention as described
or exemplified herein to said animal for a time and under conditions sufficient for an
immune response to occur thereto. Preferably, in the case of administration of a

vaccine composition, the immune response to the immunogen is a protective immune

25 response.

Those skilled in the art will recognise the general applicability of the invention in
vaccinéting animals other than porcine and avian animals against L. intraceffularis
and/or related microorganisms. In the general application of the vaccine of the present

30 invention, the only prerequisite is that the animal on which protection is conferred is

capable of being infected with Lawsonia intracellulan's and/or a related microorganism
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thereto and that, in the case of a related microorganism to L. infracellularis, said
related microorganism expresses a B-cell or T-cell epitope which mimics or cross-
reacts with the polypeptide component of the vaceine composition described herein.
Animals which may be protected by the vaccine of the present invention include, but
S are notlimited to, humans, primates, companion animals (e.g., cats, dogs), livestock
animals (e.g., pigs, sheep, cattle, horses, donkeys, goats), laboratory test animals
(e.g., mice, rats, guinea pigs, rabbits) and captive wild animals (e.g., kangaroos, foxes,
deer). The present invention also extends to the vaccination of birds such as poultry
birds, game birds and caged birds.

o 10
@ .

)
=
Ik
s

The present invention further extends to combination vaccines comprising an effective

amount of a first immunogenic component comprising the polypeptide of the present

invention combined with an effective amount of a second immunogenic component

E comprising one or more other antigens capable of protecting a porcine animal, or bird,
"L-z 15 against either Lawsonia spp. or another pathogen that infects and causes disease in
’ said animal. In a preferred embodiment, the second immunogenic component is
:F selected from the group consisting of the L. infracelfulans autolysin, hemolysin, OmpH,
; and SodC polypeptides and homologues, analogues or derivatives thereof, in
=; particular immunogenic variants or derivatives thereof, and nucleic acid molecules
{;: 20 encoding same.

The isolated or recombinant FIGE polypeptide of the invention or an immunologically-
equivalent homalogue, analogue or derivative thereof is also useful for the preparation
\’ of immunologically interactive molecules which are useful in the diagnoesis of infection

25 of an animal by Lawsonia spp., in particular by L. intracellularis or a related organism
thereto.

As used herein, the term “immunologically interactive molecule” includes antibodles
and antibody derivatives and functional equivalents, such as a Fab, or a SCAB (single-
30 chain antibody), any of which optionally can be conjugated to an enzyme, radioactive
or fluorescent tag, amongst others. The only requirement of such immunologically
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interactive molecules is that they are capable of binding specifically to the

immunogenic polypeptide of the present invention as hereinbefore described.

Accordingly, a further aspect of the invention extends to an immunologically interactive
5 molecule which is capable of binding to any ane or more of the following:
()] a peptide, oligopeptide or polypeptide which comprises an amino acid
sequence which has at least about 60% overall sequence identity to the amino
acid sequence set forth in SEQ ID NO:1;
(i) a peptide comprising at least 5 contiguous amino acid residues derived
10 from SEQ ID NO:1; or

(iii) 2 homologue, analogue or derivative of (i) or (ii) which mimics a B-cell
or T-cell epitope thereof,

In a preferred embodiment, the immunologically interactive molecule is an antibody
15 that binds specifically {o a polypeptide consisting of the amino acid of SEQ ID NO:1.

S

Canventional methods can be used to prepare the immunologically interactive

=Tk

molecules. For example, by using a polypeptide of the present invention, polycional
antisera or monocional antibodies can be made uéing standard methods. For example,
20 amammal, (e.g., a mouse, hamster, or rabbit) can be immunized with an immunogenic
form of the polypeptide of the present invention which elicits an antibody response in
the mammal. Techniques for conferring immunogenicity on a polypeptide include
conjugation to carriers, or other techniques well known in the art. For example, the
. polypeptide can be administered in the presence of adjuvant or can be coupled to a
25 carrier molecule, as known in the art, that enhances the immunogenicity of the
polypeptide. The progress of immunization can be monitored by detection of antibody
titres in plasma or serum. Standard ELISA or other immunaassay can be used with
the immunogen as antigen to assess the levels of antibodies. Following immunization,
antisera can be obtained and, for example, IgG molecules corresponding to the

30 polyclonal antibodies can be isolated from the antisera,

W .
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To produce monaclonal antibodies, antibody producing cells {lymphocytes) can be
harvested from an animal immunised with a peptide of the present invention and fused
with myeloma cells by standard somatic cell fusion procedures, thus immortalizing
these cells and yielding hybridoma cells. Such techniques are well known in the art,

% 44/ 82

for example, the hybridoma technique originally developed by Kohler and Milstein

(1975), as well as other techniques such as the human B-cell hybridoma technique
(Kozbor et al., 1983), the EBV-hybridoma technique to produce human monoclonal
antibodies (Cole ef al., 1985), and screening of combinatorial antibody libraries (Huse
ef al., 1989). Hybridoma cells can be isolated and screened immunochemically for
production of antibodies that are specifically reactive with the polypeptide and
monoclonal antibodies isolated therefrom.

As with all immunogenic compositions for eliciting antibadies, the immunogenicaily
effective amounts of the peptides of the invention must be determined empirically.
Factors to be considered include the immunogenicity of the native peptide, whether
or not the peptide will be complexed with or covalently attached ta an adjuvant or
carrier protein or other carrier, the route of administration for the composition, i.e.,
intravenous, intramuscular, subcutaneous, efc., and the number of immunizing doses
to be administered. Such factors are known in the vaccine art and it is well within the
skill of immunologists to make such determinations without undue experimentation.

The term “antibody” as used herein, is intended to include fragments thereof which are
also specifically reactive with a peptide that mimics or cross-reacts with a B-cell or T-
cell epitope of the Lawsonia intracellularis FIgE polypeptide set forth in SEQ ID NO:1.
Antibodies can be fragmented using conventional techniques and the fragments
screened for utility in the same manner as described above for whole antibodies. Eor
example, F(ab’)2 fragments can be generated by treating antibody with pepsin. The

resulting F(ab’)2 fragment can be treated to reduce disulfide bridges to produce Fab’
fragments.

It is within the scope of this invention to include any secondary antibodies

1

] '\

A5



.
Resand12- 5-99;14:31 : . ; . 4 45/ 82

5

10

15

20

25

30

PAOPFRAMAOM AWSON-< PRV 10/5/99

-4) -

(monoclonal, polyclonal or fragments of antibodies), including anti-idiotypic antibodies,
directed to the first mentioned antibodies discussed above. Both the first and second
antibodies can be used in detection assays or a first antibody can be used with a
commercially available antiimmunoglobulin antibody. An antibody as contemplated
herein includes any antibody specific to any region of a peptide which mimics, or
cross-reacts with a B-cell or T-cell epitope of the Lawsonia intraceliularis FigE
polypeptide set farth in SEQ ID NO:1 as hereinbefore described.

The antibodies described herein are useful for determining B-cell or T-cell epitopes
of the amino acid sequence set forth in SEQ 1D NO:1 such as, for example, by testing
the ability of synthetic peptides to cross-react immunolegically with said amino acid
sequence of to elicit the production of antibodies which crass-react with said amino
acid sequence. Using methods described herein, polyclonal antibodies, monoclonal
antibodies or chimeric monoclonal antibodies can also be raised to peptides which
mimic or cross-react with a B-cell or T-cell epitope of the Lawsonia intraceliularis FigE
polypeptide set forth in SEQ 1D NO:1.

More particutarly, the polyclonal, monocional or chimeric monoclonal antibodies can
be used to detect the peptides of the invention and/or any homologues, analogues or
derivatives thereof, in various biological materials. For example, they can be used in
an ELISA, radicimmunoassay, or histochemical test. in other words, the antibodies
can be used to test for binding to a polypeptidé of the invention or to a homologue,
analogue or derivative thereof, in a biological sample to diagnose the presence of
Lawsonia intracellulars therein.

Accordingly, a further aspect of the invention provides a method of diagnosing
infection of an animal by Lawsonia intraceliufaris or a related microorganism thereto,
said method comprising the steps of contacting a biological sample derived from said
animal with an immunologically interactive molecule which is capable of binding to a
peptide, oligopeptide or polypeptide comprising the amino acid sequence set forth in
SEQ ID NO:1 or a homologue, analague or derivative thereof, for a time and under
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conditions sufficient for an antigen:antibody complex to form, and detecting said
complex formation. According to this embodiment of the present invention, the
immunologically interactive molecule is preferably an antibody molecule prepared

against the Lawsonia intracellulans FIgE polypeptide set forth in SEQ ID NO:1 or an
5 analogue or derivative thereof.

The biological sample is one which might contain a polypeptide having an amino acid

sequence set forth in SEQ 1D NO:1 ora homologue, analogue or derivative thereof,

in particular a biological sample derived from a porcine or avian host of the pathogen

10 Lawsonia intracellularis or a related microorganism thereto, and can include any

. appropriate tissue or fluid sample from the animal. Preferred biological samples are

]
S

derived from the ileum, caecum, small intestine, large intestine, whole serum or lymph
nodss of the porcine or avian host animal being tested. Alternatively or in addition the

biological test sample may comprise faeces or a rectal swab derived from the animal,
15

To distinguish L. intracellularis from other microorganisms resident in the gut or other
organ of an animal, the antibodies should not be prepared against highly-conserved
epitopes of FIgE such as those regions of at least § amino acids in length which are
conserved betwesn L. intraceliularis and a microorganism which is present in the gut

20 or other organ of an animal in respect of which diagnosis is sought such as, for
example, £.coli.

AR R A

3 1

Conventional immunoassays can be used to perform this embodimant of the invention.

‘ A wide range of immunoassay techniques are available as can be seen by reference
25 to US Patent Nos. 4,016,043, 4,424,279 and 4,018,653. These, of course, include

both single-site and two-site or “sandwich" assays of the non-competitive types, as

well as the traditional competitive binding assays. These assays also include direct

binding of a labelled antibody to a target. It will be readily apparent to the skilled

technician how to modify or optimise such assays to perform this embodiment of the

30 present invention, and ail such modifications and optimisations are encompassed by
" the present invention.



Resand?l2- 5-393;14:21 ; . ; . # 47/ 82

o ot 1

[
i

hiﬂ

B ::
e
F
-
3
&4

10

20

25

30

PROPCRMCRONLAWSONA TRV - 1075799

.43 -

in one altemative embodiment, the present invention contemplates a method of
identifying whether or not an animal has suffered from a past infection, or is currently
infected with Lawsonia intracellularis or a related microorganism thereto, said method
comprising contacting blood or serum derived from said animal with the immunogenic
polypeptide of the invention for a time and under conditions sufficient for an
antigen:antibody complex to form, and detecting said complex formation.  This
embodiment differs from the embodiment described supra in that it relies upon the
detection of circulating antibodies against Lawsonia intracellularis or related organism
in the animals blood or serum which are present as a consequence of a past or
present infection by this pathogen. However, it will be apparent to those skilled in the
art that the principle of the assay format is the same. As with other embodiments of the
invention referred to supra, conventional immunoassays can be used. Persons skilled
in the art will readily be capable of varying known immunoassay formats to perform the
present embodiment. This embodiment of the invention can also utilise derivatives of
blood and serum which comprise immunologically interactive molecules such as, for
example, partially-purified IgG or IgM fractions and buffy coat samples, amongst

others. The preparation of such fractions will also be known to those skilled in the art.

A further aspect of the present invention provides an isolated nucleic acid molecule
which comprises a sequence of nuclectides which encodes, or is complementary to
a nucleic acid molecule which encodes, a peptide, oligopeptide or polypeptide
selected fram the following:
(i) a peptide, oligopeptide or polypeptide which comprises an amino acid
sequence having at least about 60% identical overall to the amino acid
sequence set forth in SEQ ID NO:1;
(i) a peptide comprising at least 5 contiguous amino acids derived from
SEQ ID NO:1; or
(i)  ahomologue, analogue or derivative of (i) o (ii) which mimics a B-cell
or T-cell epitope of Lawsonia spp.

In a preferred embodiment, the present invention provides an isolated nucleic acid
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molecule comprising a sequence of nucleotides which encodes, or is complementary
to a nucleic acid molecule which encodes, a polypeptide immunogen which comprises,
mimics or cross-reacts with a B-cell or T-cell epitope of the Lawsonia intracellularis
FIgE polypeptide set forth in SEQ (D NO:1.

In a particularly preferred embaodiment, the present invention provides an isolated
-nucleic acid molecule comprising 2 sequence of nucleolides encoding the L

intraceflularis FIgE polypeptide having an amino acid sequence set forth in SEQ ID
NO: 1.

It is within the scope of the invention to encompass polymeric forms of the
immunogenic polypeptide described herein, such as aggregates of the amino acid
sequence set forth in SEQ ID NO:1 or a homologue, analogue or derivative thereof ar,
alternatively, as polypeptides comprising repeats of the amino acid sequence set forth
in SEQ ID NO:1 or a homologue, analogue or derivative thereof. The present invention
extends further to nucleic acid molecules encoding such polymeric forms.

thereof.

Alternatively or in addition, the isolated nucleic acid molecute of the invention further
comprises a sequence of nucleotides which has at least about 60% overall sequence
identity to the nucleotide sequence set forth in SEQ (D NO:2 or to a complementary
nucleotide sequence thereof. More preferably, the percentage sequence identity to
SEQ ID NO:2 or to a complementary nuclectide sequence thereto is at least about
80%. Stili more preferably, the percentage sequence identity is at least about 90%.

Yet still more preferably, the percentage sequence identity is at least about 95%.

In a preferred embodiment, the nucleic acid molecule comprises the nucleotide
sequence set forth in SEQ ID NO:2, or the FigE-encoding nucleotide sequence

present in pALK11 (ATCC 207156}, or a degenerate variant thereof, and complements
thereof.
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In determining whether or not two nucleotide sequences fall within these percentage
limits, those skilled in the art will be aware that it is necessary to conduct a side-by-
side comparison or multiple alignment of sequences. In such comparisons or
alignments, differences may arise in the positioning of non-identical residues,

5 depending upon the algorithrri used to perform the alignment. In the present context,
reference to a percentage identity between two or more nucleotide sequences shall

be taken to refer to the number of identical residues between said sequences as
determined using any standard algorithm known to those skilled in the art. For
example, nucleotide sequences may be aligned and their identity calculated using the

10 BESTFIT programme or other appropriate programme of the Computer Genetics

Group, Inc., University Research Park, Madison, Wisconsin, United States of America
(Devereaux et al/, 1984).

Alternatively or in addition, the isolated nucleic acid molecule of the invention is
15 capable of hybridising under at least low stringency conditions and to the nucleotide
sequence set forth in SEQ ID NO:2 or to a complementary nucleotide sequence
thereto or to a nucleic acid fragmemnt comprising at least about 20 contiguous
nucleotides in length derived from the sequence set forth in SEQ ID NO:2 or to a
complementary nucleotide sequence thereto.
20
Preferably, said nucleic acid molecule is capable of hybridising under at least

moderate stringency conditions, even more preferably under high stringency
conditions.

25 For the purpases of defining the level of stringency, a low stringency is defined herein
as being a hybridisation and/or a wash carrieci out in 6xSSC buffer, 0.1% (w/v) SDS
at 28°C. A moderate stringency is defined herein as being a hybridisation and/or
wash carried out in 2xSSC buffer, 0 1% (w/v) SDS at a temperature in the range 45°C
to 65°C. A high stringency is defined herein as being a hybridisation and/or wash

30 carried out in 0.1xSSC buffer, 0.1% (w/v) SDS at a temperature of at least 65°C.
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Generally, the stringency is increased by reducing the concentration of SSC buffer,
and/or increasing the concentration of SDS and/or increasing the temperature of the
hybridisation and/or wash. Those skilled in the art will be aware that the conditions
for hybridisation and/or washing may vary depending upon the nature of the

5 hybridisation membrane or the type of hybridisation probe used. Conditions for
hybridisations and washes are well understood by one normally skilled in the art. For
the purposes of clarification of the parameters affecting hybridisation between nucieic
acid molecules, reference is found in pages 2.10.8 10 2.10.16. of Ausubei ef al. (1987),
which is herein incorporated by reference.

10

The present invention clearly encompasses genetic constructs comprising the subject
nucleic acid molecule in an expressible format suitable for the preparation of a
recombinant immunogenic polypeptide of the present invention, such as for use in
recombinant univalent or polyvalent recombinant vaccines.

=

15
In such cases, the nucleic acid molecule will be operably connected to a promoter
sequence which can thereby regulate expression of said nucleic acid molecule in a
prokaryotic or eukaryotic cell as described supra.

B
15
I
iz
==

W i ks

20 The genetic construct optionally further comprises a terminator sequence. The term
“terminator” refers to a DNA sequence at the end of a transcriptional unit which signals
termination of transcription. A “terminator” is a nucleatide sequence, generally located
within the 3'-non-translated region of a gene or mRNA, comprising a polyadenylation

. signal to facilitate the post-transcriptional addition of a polyadenylate sequence to the

25 3’-end of a primary mRNA transcript. Terminator sequences may be isolated from the

genetic sequences of bacteria, fungi, viruses, animals and/or plants. Terminators
active in animal cells are known and described in the literature.

In a preferred embodiment, the genetic construct can be a cloning or expression
30 vector, as known in the an, such as a plasmid, cosmid, or phage, comprising a nucleic

acid molecule of the present invention, and host cells transformed or transfected
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therewith. In a non-limiting embodiment, the vector is plasmid pALK11 (ATCC
Accession No. 2071586).

The genetic constructs of the present invention are particularly useful for producing
the immunogenic component of the vaccine composition described herein or for use

in a DNA vaccine.

A range of genetic diagnostic assays to detect infection of an animal by Lawsonia
intracellularis or a related microorganism can be employed using the nucleic acid
molecule described herein such as, for example, assays based upon the polymerase
chain reaction (PCR) and nucleic acid hybridisation. All such assays are
contemplated in the present invention.

Accordingly, a still further aspect of the invention provides a diagnostic method of
detecting Lawsonia intracellularis or related microorganism in a biological sample
derived from an animal subject, said method comprising the steps of hybridising one
or more probes or primers derived from the nucleotide sequence set forth in SEQ 1D
NO:2 or a complementary nucleotide sequence thereto or a homologue, analogue or
derivative thereof, to a DNA or RNA molecule present in said sample and th_en
detecting said hybridisation using a detection means.

As used herein, the term "probe” refers to a nucleic acid molecule which is derived
from the nuclectide sequence set forth in SEQ ID NO:2 and which is capable of being
used in the detection thereof. Probes may comprise DNA (single-stranded or double-
stranded) or RNA (i.e., riboprobes) or analogues thereof.

The term “primer" refers to a probe as hereinbefare defined which is further capable

of being used to amplify a nucleotide sequence from Lawsonia intracefiularis or a
related microorganism thereto in a PCR.

Preferred probes and primers include fragments of the nucleotide sequence set forth

il
3
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in SEQ ID NO:2 and synthetic single-stranded DNA or RNA molecules of at least

about 15 nucleotides in length derived from the sequence set forth in SEQ ID NO:2 or
a complementary nucleotide sequence thereto.

Preferably, probes and primers according to this embodiment will comprise at least
about 20 contiguous nucleoctides derived from SEQ ID NO:2 or a compiementary
sequence thereto, even more preferably at least about 25 contiguous nucleotides, still
even more preferably at least about 50 contiguous nucleotides and even more
preferably at least about 100 nucleotides to about 500 nucleotides derived from the
sequence set forth in SEQ ID NO:2 or a complement thereof. Prabes and primers
comprising the full-length of SEQ 1D NO:2 or a complementary nucleotide sequence

thereto are also encompassed by the present invention.

For the present purpose, "homologues" of a nucleotide sequence shall be taken to
refer to an isolated nucleic acid molecule which encodes a polypeptide that is
functionally equivalent to the polypeptide encoded by the nucleic acid molecule of the
present invention or to a polypeptide which is a homologue, analogue or derivative of
SEQ ID NO:1, notwithstanding the occurrence within said sequence, of one or more
nucleotide substitutions, insertions, deletions, or rearrangements.

"Analogues" of 3 nucleotide sequence set forth herein shall be taken to refer to an
isolated nucleic acid molecule which encodes a functionally-equivalent polypeptide to
the polypeptide encoded by the nucleic acid molecule of the present invention or a

homologue, analogue or derivative of a polypeptide having the amino acid sequence -

of SEQ ID NO:1, notwithstanding the occurrence of any non-nucleotide constituents
not normally present in said isolated nucleic acid molecule such as, for example,
carbohydrates, radiochemicals including radio nucleotides, reporter mofecules such
as, but not limited to biotin, DIG, alkaline phosphatase or horseradish peroxidase,
amongst others.

"Derivatives" of a nucleotide sequence set forth herein shall be taken to refer to any
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isolated nucleic acid molecuie which contains at least about S0% nucleotide seguence
identity to 15 or more contiguous nucleotides present in the nucleotide sequence set
forth in SEQ 1D NO:2 or a complementary nucleotide sequence thereto. Generally, the
nucleotide sequence of the present invention may be subjected to mutagenesis to
produce single or multiple nucleotide substitutions, deletions and/or insertions.
Nucleotide insertional derivatives of the nucleotide sequence of the present invention
include 5° and 3" terminal fusiohs as well as intra-sequence insertions of single or
multiple nucleotides or nucleotide analogues. Insertional nucleotide sequence
variants are those in which one of more nucieotides or nucleotide analogues are
introduced into a predetermined site in the nucleotide sequence of said sequence,
although random insertion is also possible with suitable screening of the resulting
product being performed. Deletional nucleotide sequence variants are characterised
by the removal of one or more nucleotides from the nucleotide sequence.
Substitutional nucleotide sequence variants are those in which at least one nucleotide
in the sequence has been removed and a different nucleotide or nucleotide analogue
inserted in its place. In a preferred embodiment, such substitutions are selected
based on the degeneracy of the genetic code, as known in the art, with the resulting
substitutional variant encoding the amino acid sequence of SEQ ID NO:1.

Probes or primers can éomprise inosine, adenine, guanine, thymidine, cytidine or
uracil residues or functional analogues or derivatives thereof that are capable of being
incorporated into a polynucleotide molecule, pravided that the resulting probe or
primer is capable of hybridising under at least low stringency conditions to SEQ ID
NO:2 or to a complementary nucleotide sequence thereof, or is at least about 60%
identical to SEQ ID NO:2 or to a complementary nucleotide sequence thereof.

The biological sample according to this aspect of the invention includes any organ,
tissue, cell or exudate which contains or is likely to contain Lawsonia intracellularis or
a nuclei_c; acid derived therefrom. A biological sampie can be prepared in a suitable
solution such as, for example, an extraction buffer or suspension buffer. The present
invention extends to the testing of biological solutions thus prepared, the only

¢ 53/ 82
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requirement being that said solution at least comprises a biological sample as

described herein. .

The diagnostic assay of the present invention is useful for the detection of Lawsonia
5 intracellularis or a microorganism which is related thereto which expresses the flagellar
hook protein of the present invention or a flagellar hook protein-like polypeptide.

The present invention clearly contemplates diagnostic assays which are capable of
both genus-specific and species-specific detection. Accordingly, in one embodiment,
10 the probe or primer, or a homologue, analogue or derivative thereof, comprises DNA
capable of being used to detect multiple Lawsonia spp. In an alternative embodiment,
the probe or primer or a homologue, analogue or derivative thereof comprises DNA
capable of being used to distinguish Lawsonia intracelflularis from related
microorganisms.
I5
Less-highly conserved regions within SEQ ID NO:2 are particularly useful as species-~
specific probes and/or primers for the detection of L. intracellularis and very closely
related species.

20 Furthermore, the diagnostic assays described herein can be adapted to a genus-
specific or species-specific assay by varying the stringency of the hybridisation step.
Accordingly, a low stringency hybridisation can be used to detect several different
species of Lawsonia in one or more bjological samples being assayed, while a high

stringency hybridisation can be used to distinguish Lawsonia intraceflufaris from such
25 other species.

The detection means accordihg to this aspect of the invention may be any nucleic
acid-based detection means such as, for example, nucleic acid hybridisation
techniques or paper chromatography hybridisation assay (PACHA), or an amplification
30 reaction such as PCR, or nucleic acid sequence-based amplification (NASBA) system.
The invention further encompasses the use of different assay formats of said nucleic

' . ;‘ # 54/ 3
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acid-based detection means, including restriction fragment length polymorphism

(RFLP), amplified fragment length polymorphism (AFLP), single-strand chain
polymorphism (SSCP), amplification and mismatch detection (AMD), interspersed
repetitive sequence polymerase chain reaction (IRS-PCR), inverse polymerase chain
reaction (iIPCR), in situy polymerase chain reaction and reverse transcription
polymerase chain reaction (RT-PCR), amongst others.

Where the detection means is a nucleic acid hybridisation technique, the probe can
be tabelled with a reparter molecule capable of producing an identifiable signal (e.q.,
a radioisotope such as P or® S, or a biotinylated molecute). According to this
embodiment, those skilled in the art will be aware that the detection of said reporter
molecule provides for identification of the probe and that, following the hybridisation
reaction, the detection of the corresponding nuclectide sequences in the biological

sample is facilitated. Additional probes can be used to confirm the assay results
obtained using a single probe.

A variation of the nucleic acid hybridisation technique contemplated by the present
invention is the paper chromatography hybridisation assay (PACHA) described by
Reinhartz ef al. (1893) and equivalents thereof, wherein a target nucleic acid molecule
is labelled with a reporter molecule such as biotin, applied to ane end of a

-nitrocellulose or nylon membrane filter strip and subjected to chromatography under

the action of capillary or other forces (e.g., an electric field) for a time and under
conditions sufficient to promote migration of said target nucleic acid along the length
of said membrane to a zone at which a DNA probe is immobilised thereto such as, for
example, in the middie region. According to this detection format, labelled target
nucleic acid comprising the Lawsania spp. nucleotide sequences complementary to
the probe will hybridise thereto and become immobilised in that region of the
membrane to which the prabe is bound. Non-complementary sequences to the probe
will diffuse past the site at which the probe is bound. The target nucleic acid may
comprise a crude or partially-pure extract of DNA or RNA or, altematively, an amplified
or purified DNA. Additional variations of this detection means which utilise the

¥ 55/ 82
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nucleotide sequences described herein are clearly encompassed by the present
invention.

Wherein the detection means is a RFLP, nucleic acid derived from the biological

S sample, in particular DNA, is digested with one or more restriction endonuclease

enzymes and the digested DNA is subjected to electrophoresis, transferred to a solid

support such gs, for example, a nylon or nitrocellulose membrane, and hybridised to

a probe optionhally labelled with a reporter molecule as hereinbefore defined.

Accarding to this embodiment, a specific pattern of DNA fragments is displayed on the

10 support, wherein said pattern is preferably specific for a particutar Lawsonia spp., to
enable the user to distinguish between different species of the bacterium.

Wherein the detection means is an amplification reaction such as, for example, a
polymerase chain reaction or a nucleic acid sequence-based amplification (NASBA)
15 system or a variant thereof, one or more nucleic acid primer molecules of at (east 15

contiguous nucleatides in iength derivable from SEQ 1D NO:2 or its complementary

nucieotide sequence, or a homologue, analogue or derivative thereof, is hybridised to

nucleic acid derived from a biological sample, and nucleic acid copies of the FigE-

encoding genetic sequences in said sample, or a part or fragment thereof, are
20 enzymically-amplified.

Those skilled in the art will be aware that there must be a sufficiently high percentage
of nucleotide sequence identity between the primers and the sequences in the
biological sample template molecule to which they hybridise (i.e., the “template

25 molecule”). As stated previously, the stringency conditions can be selected to promote
hybridisation.

Preferably, each primer is at least about 95% identical to a region of SEQ ID NO:2 or

its complementary nucleotide sequence in the template molecule to which it
30 hybridises.
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Those skilled in the art will also be aware that, in one format, PCR provides for the
hybridisation of non-complementary primers to different strands of the template
molecule, such that the hybridised primers are positioned to facilitate the 5'-~ 3’
synthesis of nucleic acid in the intervening region, under the contro| of a thermaostable
5 DNA polymerase enzyme. As a consequence, PCR provides an advantage over other
detection means in so far as the nucleotide sequence in the region between the

hybridised primers may be unknown and unrelated to any known nucleotide sequence.

In an altemative embodiment, wherein the detection means is AFLP, the primers are
10 selected such that, when nucleic acid derived from the biological sample, in particular
DNA, is amplified, different length amplification products are produced from different

gt

Lawsonia spp. The amplification products can be subjected to electrophoresis,
transferred to a solid support such as, for example, a nylon or nitroceliulose
membrane, and hybridised to a probe optionally labelled with a reporter molecule as
15 hereinbefore descriped. According to this ernbodiment, a specific pattern of ampiified

DNA fragments is displayed on the supportt, said pattern optionally specific for a

E particular Lawsonia ssp., to enable the user to distinguish between different species
; of the bacterium in much the same way as for RFLP analysis.
& 20 The technique of AMD facilitates, not only the detection of Lawsonia spp. DNA in a

biological sample, but also the determination of nucleotide sequence variants which
differ from the primers and probes used In the assay format. Wherein the detectian
means is AMD, the probe is end-labelled with a suitable reporier molecule and mixed
. with an excess of the amplified template molecule. The mixtures are subsequently
25 denatured and allowed to renature to form nucleic acid "probe:template hybrid
molecules” or "hybrids", such that any nuclectide sequence variation between the
probe and the temple molecule to which it is hybridised will disrupt base-pairing in the
hybrids. These regions of mismatch are sensitive to specific chemical modification
using hydroxylamine (mismatched cytosine residues) or osmium tetroxide (mismatched
30 thymidine residues), allowing subsequent cleavage of the madified site using
piperidine. The cleaved nucleic acid may be analysed using denaturing
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polyacrylamide gel electrophoresis, followed by standard nucleic acid hybridisation as
described supra, to detect the Lawsonia-derived nucleotide sequences. Those skilled
in the art will be aware of the means of end-labelling a genetic probe according to the
performance of the invention described in this embodiment.

According to this embodiment, the use of a single end-labelled probe allows
unequivocal localisation of the sequence variation. The distance between the point(s)

of sequence variation and the end-label is represented by the size of the cleavage
product.

10
in an alternative embodiment of AMD, the probe is labelied at both ends with a

reporter molecule, to facilitate the simultaneous analysis of both ONA strands.

Wherein the detection means is RT-PCR, the nucleic acid sample comprises an RNA
15 molecule which is a transcription product of Lawsonia-derived DNA or a homologue,
analogue or derivative thereof. As a consequence, this assay format is particularly
useful when it is desirable to determine expression of one or more Lawsonia genes.
According to this embodiment, the RNA sample is reverse-transcribed to produce the

complementary single-stranded DNA which is subsequently amplified using standard
20 procedures.

Variations of the embodiments described herein are described in detail by McPherson
et af. (1991).

25 The present invention clearly extends to the use of any and all detection means

referred to supra for the purposes of diagnasing Lawsonia spp. and in particular
Lawsonia intracellularis infection in animal.

The amplification reaction detection means described supra can be further coupled to

30 aclassical hybridisation reaction detection means to further enhance sensitivity and

*# 58/ 82
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probe which is different from any of the primers used in the ampilification reaction.

Similarly, the hybridisation reaction detection means daescribed supra can be further
coupled to a secand hybridisation step employing a probe which is different from the
probe used in the first hybridisation reaction

A further aspect of the invention provides an isolated probe or primer derived from
SEQ 1D NO:2 or a complementary nucleotide sequence thereto.

The present invention does not extend to immunogenic polypeptides which comprises
exclusively the C-terminal region of the FIgE polypeptide as described in Intemational
Patent Application No. PCT/AU96/00767 or nucleotide sequences encading same or
vaccine compositions therefor.

The present invention is further described by the following non-limiting examples.

EXAMPLE 1
SOURCES OF PIG TISSUE

infected Pig Intestines

Sections of grossly thickened ilea were taken from pigs naturally or experimentally
affected by PPE. The presence of L. infracellufaris bacteria in the ilea was confirmed
using immunofiuorescent staining with specific monocional antibodies (McOrist et al.,

1987). Anexample of a suitable antibody is monoclonal antibody IG4 available from
the University of Edinburgh, UK.

EXAMPLE 2
ISOLATION OF LAWSONIA INTRACELLULARIS BACTERIA FROM THE
INFECTED PIG ILEUM |

# 53/ 82
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Lawsonia intraceliulans bacteria were extracted directly from lesions of PPE in pigs by
filtration and further purified over a Percoll (Pharmacia, Uppsala, Sweden) gradient as
follows. Infected ilea were coliected from pigs and the presence of L. intracellularis
was confirmed histologically before storage at -80°C. Sections of ileum were thawed
and approximately 8g of infected mucosa were scraped from the intestinal wall. The
mucosa was homogenised with 40 ml sterile phosphate buffered saline (PBS) on half
speed for 10 seconds using a Sorvall omnimixer. This suspension was centrifuged at
2000 xg for 4 minutes. The supernatant was discarded and the cell pellet was
resuspended in 40 mi PBS and recentrifuged. This washing step was repeated twice.
The cell pellet was then resuspended in 20 mi PBS and homogenised at full speed for
one minute to release L. intraceliularis bacteria.

This homogenate was centrifuged at 1000 xg for 4 minutes giving a pellet containing
a crude mixture of homogenised epithelial cells and intestinal bacteria. The
supernatant was filtered using filters with pore sized 3 um, 1.2 yum and 0.8 um
(Millipore Corporation, MA, USA). The filtrate was centrifuged at 8000 xg for 30
minutes, resulting in a small pellet of L. infraceliularis bacteria. The L. infracellularis
bacteria were further purified using a 45% self forming Percoll gradient as follows: 2
mis of the bacterial preparation was mixed by inversion into 30 mls of a 45% self
forming Percoll (Pharmacia LKB, Uppsala, Sweden) gradient (45% v/v of Percoll, 150

mM NaCl). The gradients were centrifuged in a Sorvall centrifuge using the SS34 _

rotor, at 20,000 rpm for 30 minutes at 4°C. Usually a number of bands form within the
gradient. The band (usually located approx. 10-20 mm from the base of the tube)
containing the L. intraceflularis bacteria was collected and the volume made up to 16
mis with PBS. The solution was then centrifuged for 15 minutes at 8000 rpm. The

resuitant peilet was washed with PBS before being resuspended in a final volume of
approximately one mi.

EXAMPLE 3
PURIFICATION OF LAWSONIA INTRACELLULARIS GENOMIC DNA

K
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Genomic DNA was extracted from Percoll-gradient purified Lawsonia intracellularis

bacteria recovered from infected pig ilea scrapings (Example 2) by the methods
described by Anderson ef af (1984) and Sambrook et a/ (1989).

5 Briefly, the L. intracelflufaris cells were pelleted by centrifugation at 14,000 x g at 4°C

for 15 min. The celis were resuspended in 10 mi of TE buffer (1 mM Tris-HCI, 0.1 mM
EDTA, pH 8.0) and centrifuged as before, The pellet was then resuspended in 4 mi
of TE buffer containing 4 mg/ml lysozyme (Sigma Chemical Co.) and incubated at
37°C for 20 min. SDS and proteinase K (Promega, W1, USA) were added to final

10 concentrations of 1% (w/v) and 200 ngfml, respectively, and incubation was continued

15

20

25

30

at 45°C for 4 hours. The lysate was then extracted with an equal volume of phenol,
phenol:chloroform (1:1) and chioroform, respectively, and the nucleic acids were
recovered from the supernatant by ethanot precipitation. The pelflet was gently
dissolved in TE, treated with RnaseA (Promega, WI, USA) at 37°C for 30 min and then
digested with proteinase K in the presence of 0.5% (w/v) SDS for 1 h at S0°C. After
another round of phenoi:chloroform (1:1) and ethanol precipitation, the purified DNA
was dissolved in TE. The DNA was then stored at 4°C.

EXAMPLE 4
. IMMUNOSCREENING OF A L. INTRACELLULARIS LIBRARY USING
EXPERIMENTAL SERA FROM VACCINATED PIGS
The genomic DNA from Example 3 was partially digested with the restriction
endonuciease Sau3A (Promega) and ligated into Lambda ZAP Express (Stratagene,
CA, USA). The tambda library was plated on a lawn of E. coli XLi-Blue cells at a
density of 1,000 phage forming units (pfu) per 150 mm L-broth agar plate. The libr:ary
was screened using the method described in the Protoblot Technical Manual
(Promega, Wi, USA). The filters were blocked in blocking buffer (10 mM Tris-HCJ, pH
8.0, 150 mM NaCl, 0.05% Tween 20, 5% Blotto), prior to screening with sera from the
pigs Y12 and/or 395. The pigs Y12 and 395 had been immunised with formalin-killed
L. intracellularis and heat-killed L. intracellulans, vespactively, as described in
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International Patent Application No. PCT/AU96/00767. Positive plaques which were
identified in the primary screen were picked, re-plated at a lower density and re-
screened with either or both sera until an individual plague was isolated. Plasmid
DNA from the positive iambda phage clone was isolated by in vivo excision, as

5 recommended by the manufacturer (Stratagene, CA, USA). A clone containing the
partial figE gene of L. intracellularis was identified in this way.

EXAMPLE 5
ANALYSIS OF L. INTRACELLULARIS EXPRESSING PHAGE CLONES

10 Phagemid DNA from positive AZAP 1l Express phage clones was isolated by in vivo
excision, by the canditions recommended by the manufacturer (Stratagene).

Plasmid DNA for restriction analysis was extracted by ailkaline-lysis, as described by
Sambrook et a/ (1989), and for automated seqguencing, using the High Pure Plasmid

15 Kit, as recommended by the manufacturer (Boehringer Mannheim, Mannheim,
Germany).

The nucleotide sequence (1005 bp) of the §' region of the figk gene of Lawsonia
intracellufaris was obtained from the clone isolated as described in Example 4. The

20 remaining portion of the figE gene was amplified using the Vectorette System as
described by the manufacturer (Genosys Biotechnologies inc., TX, USA).

Briefly, the Vectorette System enables the amplification of specific DNA fragments
where the sequence of only one primer is known. There are three basic steps as
25 follows:

(i)  digestion of target DNA (Lawsonia intraceliularis genomic DNA in this
case) with a restriction enzyme;

(ii) ligation of synthetic oligonucleotides to the digested DNA; and

(i) amplification of the remaining fIgE nucleotide sequence using a first

primer specific for the known 5’ sequence of figE and a second primer directed
toward the ligated synthetic oligonucieotide.

30
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The nucleotide sequence of the amplified product containing the figE gene was then
obtained. DNA sequencing of amplified DNA and isolated clone inserts was performed
by the Dye-terminator method of automated sequencing (ABI Biosystems, CA, USA).
The nuclectide sequence of the complete coding region of the figk gene is set out in
SEQ 1D NQ: 2.
" EXAMPLE 6
IDENTIFICATION OF L. INTRACELLULARIS COMPONENTS

Sequence similarity of the DNA molecules encoding putative vaccine candidates
identified from Example 4 and 5, was identified using the BLAST algorithms (Gish and
States, 1993). Nucleotide sequence SEQ 1D NO:2 and its corresponding deduced
amino acid sequence (SEQ D NOQO:1) have sequence similarity to flagellar hook
polypeptides derived from other pathogenic microorganisms (Figure 1). Unique
regions of the Lawsonia intracellulans FIgE polypeptide are apparent from a
comparison of the amino acid sequence of this polypeptide to those from other
microorganisms (Figure 1),

EXAMPLE 7
PREPARATION OF BIOLOGICAL MATERIAL FOR
DEPOSIT - AMPLIFICATION OF figE

Template DNA was purified from DNA isolated from infected pig intestinal mucosa
isolated from the ileum of pigs infected with L. intracellularis. DNA purification from
intestinal mucosa was performed according to the method of Nollau et a/. (1998). Due
to the presence of contaminating polysaccharides and other material, the DNA content

of the samples was not quantitated and samples were used empirically in PCR
amplifications.

The PCR amplifications consisted of 1 ul plg intestinal mucosa, 1 1M each of the
forward (RA170: 5’ CTATTTTTAGGAGATGTTATC 3/; SEQ D NO:3) and reverse
primers (RA171: §° TACAAAATTAACAATAAAATAC 3°; SEQ ID NO:4), 7.5 units

|4
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KlenTaql polymerase (Ab Peptides, Inc.,, St. Louis, Missouri), 0.075 units Pfu

polymerase (Stratagene Cloning Systems, La Jolla, California), 1 x PC2 (KlenTagl)

buffer and 0.2 mM dNTPs in a 50 ul volume. PCR was carried out in 4 stages: (i)

94°C for S min; (it} 94°C for 1 min, 58°C for 30 seconds, 72°C for 2 min, x 33 cycles;
5 (i) 72°C for 10 min, (iv) hold at 4°C.

The PCR fragment encoding the flg€ gene of L. intracellularis was subcloned into
pCR2.1-TOPO (invitrogen Corp., Carlsbad, CA) and designated pALK11 (ATCC
Accession No, 207156).

10

MICROORGANISM DEPOSITS

The plasmid pALK11 was deposited with the American Type Culture Collection
= (ATCC) at 10801 University Boulevard, Manassas, VA 20110, USA on 11th March,
“ 15 1999 and was assigned ATCC Accession No. 207156.
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WE CLAIM:
1. An isolated or recombinant immunogenic polypeptide which comprises,
mimics or cross-reacts with a B-cell or T-cell epitope of a Lawsonia spp. FigE
polypeptidea.

2. The isolated or recombinant immunogenic polypeptide of claim 1 capable of
eticiting the production of antibodies against Lawsonia spp. when administered to an

avian or porcine animal.

3. The isolated or recombinant immunogenic polypeptide of ciaim 1 capable of
conferring a protective immune response against Lawsonia spp. when administered

to an avian or porcine animal,

< 4 The isolated or recombinant immunaogenic polypeptide of claim 2 wherein the

Lawsonia spp. is L. intracellularis.

S. The isolated or recombinant immunogenic polypeptide of claim 3 wherein the
Lawsonia spp. is L. intracellularis.

6. An isolated or recombinant immunogenic polypeptide selected from the
following:
(i) a peptide, oligopeptide or polypeptide which comprises an amino acid
sequence which has at least about 60% sequence identity overall to the amino
acid sequence set forth in SEQ ID NO: 1;
(ii) a homologue, analogue or derivative of (i) which mimics a B-cell or T-cell
epitope of a Lawsonia spp. FIgE polypeptide.

7. The isolated or recombinant immunogenic polypeptide of claim 6 capable of
eliciting the production of antibodies against Lawsonia spp. in a porcine or avian

animal.
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8. The isolated or recombinant immunogenic polypeptide of claim 7 capable of
conferring a protective immune response against Lawsonia spp. in a porcine or avian
animal.

9. The isolated or recombinant immunogenic polypeptide of claim 8, capable of

inducing humeoral immunity against Lawsonia spp. in a porcine or avian animal.

10. The isolated or recombinant immunogenic polypeptide of claim 9, capable of
inducing humoral immunity against Lawsonia spp. in a porcine animal.

11. The isolated or recombinant immunogenic polypeptide of claim 8 wherein the
Lawsonia spp. is L. intracellularis.

12. The isolated or recombinant immunogenic polypeptide of claim 10 wherein the
Lawsonia spp. is L. intraceljularis.

13. The isolated or recombinant immunogenic polypeptide of claim 6 that comprises
the amino acid sequence set forth in SEQ ID NO: 1 or the amino acid sequence
encoded by the FigE-encoding nuclectide sequence of pALK11 (ATCC 207156) and
is capable of eliciting the production of antibodies against Lawsonia intracellularis
when administered to an avian or porcine animal. .

14. The isolated or recombinant immunogenic polypeptide of claim 13 that consists
essentially of the amino acid sequence of SEQ ID NQ: 1 or the amino acid sequence
encoded by the FigE-encoding nucleotide sequence of pALK11 (ATCC 207156) .

15. The isolated or recombinant immunagenic polypeptide of claim 13 or 14 capable

of inducing a protective immune response against Lawsonia intracellularis in a porcine
or avian animal,

16. The isolated or recombinant immunogenic polypeptide of claim 15 capable of

¥ 65/ B2 E
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inducing a protective immune response against Lawsonia intracellularis in a porcine

animal.

17. A vaccine composition for the prophylaxis or treatment of infection of an animal
by Lawsonia spp., said vaccine composition comprising an imniunogenic component
which comprises an isolated or recombinant polypeptide having at least about 60%
sequence identity overall to the amino acid sequence set forth in SEQ 1D NO: 1 or an
immunogenic homologue, analogue or derivative thereof which is immunologically
cross-reactive with Lawsonia infracellularis: and one or more carriers, diluents or

adjuvants suitable for veterinary or pharmaceutical use.

18. The vaccine composition according to claim 17 wherein the Lawsonia spp. is L.
intracellularis.

19. The vaccine composition according to claim 18 wherein the immunogenic
companent comprises an isolated or recombinant polypeptide that comprises the
amino acid sequence set forth in SEQ 1D NO:; 1 or the amino acid sequence encoded
by the FigE-encoding nucleotide sequence of pALK11 (ATCC 207156) .

20. The vaccine compaosition of claim 19, wherein the immunogenic component
consists essentially of the amino acid sequence of SEQ ID NO: 1.

21. A combination vaccine compaosition for the prophyiaxis or treatment of infection
of an animal by Lawsonia spp., said vaccine composition comprising:
(i) afirst immunogenic componient which comprises an isolated or recombinant
polypeptide having at least about 60% sequence identity overall to the amina
acid sequence set forth in SEQ 1D NO: 1 or an immunogenic homologue,
analogue or derivative thereof which is immunologically cross-reactive with
Lawsonia intracellulans;
(i) a second immunogenic component comprising an antigenic L. intraceflulans
peptide, polypeptide or protein; and
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{iil) one or more carriers, diluents or adjuvants suitable for veterinary or

pharmaceutical use.

22. A vaccine vector that comprises, in an expressible form, an isolated nucleic acid
molecule having a nucleotide sequence that encodes an isdlated or recombinant
immunogenic polypeptide which comprises the amino acid sequence set forth in SEQ
1D NO: 1, such that said immunogenic polypeptide is expressible at a level sufficient

to confer immunity against Lawsonia spp., when administered to a porcine or avian
animal.

23. The vaccine vector of claim 22 wherein the immunogenic polypeptide is
expressed using the steps of:

ok

(i) placing an isolated nucleic acid molecule which comprises the nuclectide
sequence set forth in SEQ ID NO: 2 or degenerate variant, a homaologue,
analogue or derivative thereof which has at least about 60% sequence identity
thereto, in aperative association with a promoter sequence;

(ii) introducing the isolated nucleic acid molecule and promoter sequence of step
(a) into the vaccine vector; and

IH

=
fxe
i

(i) incubating, growing, or propagating the vaccine vector for a time and
under conditions sufficient for expression of the immunogenic polypeptide
encoded by said nucleic acid molecute to occur.

o i

e

L}

24. The vaccine vector of claim 23 wherein the Lawsonia spp. is L. intracellularis.

25. A polyclonal or monaclonat antifaody molecule that is capable of binding
specifically to an FIgE polypeptide or a derivative of an FIgE polypeptide that is
derived from Lawsonia spp. and has at least about 60% sequence identity overall to
the amino acid sequence set forth in SEQ 1D NO: 1.

26. The antibody molecule of claim 25 wherein the FIgE polypeptide or derivative
thereof comprises the amino acid sequence set forth in SEQ 1D NO: 1.

]
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27 A method of diagnosing infection of a porcine or avian animal by [Lawsonia
intracellularis or a microorganism that is immunologically cross-reactive thereto, said
method comprising the steps of contacting a biological sample dersived from said
animal with the antibody molecule of claim 25 for a time and under conditions sufficient
for an antigen:antibody complex to form, and then detecting said complex formation.

28. The method of claim 27 wherain the biclogical sample comprises whole serum,

lymph nodes, ileum, caecum, small intestine, large intestine, faeces or a rectal swab
derived from a porcine animal.

29. A method of identifying whether or not a porcine or avian animal has suffered
from a past infection, or is currently infected,with Lawsonia intracellularis or a
microarganism that is immunologically cross-reactive thereto, said method comprising
contacting blood or serum derived from said animal with the immunogenic polypeptide
of claim 1 for a time and under conditions sufficient for an antigen:antibody complex
to form and then detecting said complex formation.

30. An isolated nucleic acid molecule which comprises a sequence of nuclectides
which encodes, or is complementary to a nucleic acid molecule that encodes, a
peptide, oligopeptide or polypeptide selected from the group aconsisting of:
(i) a peptide, oligapep.tide or polypeptide which comprises an amino acid
sequence which has at least about 60% sequence identity overall to the amino
acid sequence set forth in SEQ 1D NO: 1;and

(iii) a homologue, analogue or derivative of (i) which mimics a B-cell or T-
cell epitope of Lawsonia spp.

31. The isolated nucleic acid molecule of claim 30, wherein the peptide, oligopeptide
or polypeptide comprises the amino acid sequence set forth in SEQ 1D NO: 1 or the
amino acid sequence encoded by the FIgE-encoding nucleotide sequence of pALK11
(ATCC 207156) or a B-cell epitope or T-cell epitope thereof.

¥ 72/ 82
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32. The isolated nucleic acid molecule of claim 31 comprising the nucleotide

sequence set forth in SEQ ID NO: 2 or a complementary nucleotide sequence thereto,
ar a degenerate variant thereof,

33. The isolated nucleic acid molecule of claim 32 consisting essentially of the
nucleotide sequence of SEQ 1D NO: 2 or a degenerate variant thereof.

34. A method of detecting Lawsonia intracelfularis or related microorganism in a
biologicat sample derived from a porcine or avian animal subject, said method
comprising the steps of hybridising one or more probes or primers derived from the
nucleotide segquence set forth in SEQ D NO: 2 or 2 complementary nucleotide

sequence thereto to said sample and then detecting said hybridisation using a
detection means.

35, The method of claim 34 wherein the biological sample comprises whole serum,
lymph nodes, ileum, caecum, small intestine, large intestine, faeces or a rectal swab
derived from a porcine animal.

36. The method of claim 34 wherein the detection means comprises any nucleic acid
based hybridisation or amplification reaction.

37. A probe or primer having at least about 15 contiguous nucieotides in length
derived from SEQ ID NO: 2 or a complementary nucleotide sequence thereto.

38. A plasmid designated pALK11 (ATCC Accession No. 207156),
39. The cambination vaccine according to claim 21 wherein the second immunogenic

component comprises an antigenic L. intracellularis peptide, palypeptide or protein
selected from the group consisting of OmpH, SodC, hemolysin and autolysin.
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ABSTRACT
The present invention relates generally to therapeutic compositions for the treatment
and/or prophylaxis of intestinal disease conditions in animals and birds caused or
exacerbated by Lawsonia intracellularis or similar or otherwise related microorganism.
In particular, the present invention provides a novel gene derived from Lawsonia
“intracellularis which encodes an immunogenic FIgE peptide, polypeptide or protein that
is particularly useful as an antigen in vaccine preparation for conferring humoral
immunity against Lawsonia intracellularis and related pathogens in animal hosts. The
present invention is also directed to methods for the treatment and/or prophylaxis of
such intestinal disease condilions and to diagnostic agents and procedures for

gt ." detecting Lawsonia intracellularis or similar or otherwise related microorganisms.

[
i

T

y
i

LES



Ressgnct2-

t

5~99,74:31

<110

<120>

<130>
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<211>
<212>
<213>
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Val

Phe
115
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Gly
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Val
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Thr
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Thx
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SEQUENCE LISTING

Agriculture Victoria
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Lawsonia intracellularys

Ile Gly

Ser Asn

val Val

40

Gly Sex

Val Arg

Thr Asp

Asp Lys

Gly Phe
120

Ala Thr
10

Asn Ile
28

the Gln

Gln Gly

Thr Ile

Leu Ala
S0

val His
108

Leu Asn

Gly

Ala

Asp

Pxo

Phe

15

Ile

TYx

Asp

Met

Asn

Leun

Asn

&0

Thr

Gly

Thr

Pro

Nevel lawsonia 3pp. gene and uses therefor IV

Lys

Ala

Fhe

45

Cln

Gin

Gly

Arg

Ser
125

Thr

Asn

30

Ser

Ala

Gly

Lys

Ala

110

Gly

His

15

Thr

Gln

Gly

Ala

Gly

95

Gly

Phe

Serx

Ile

Asp

Mct

Phe

80

Phe

Asn

Thr
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Leu Met Gly Ser Arg Ile Ser Asn Asn Pro Asn Ile Lys Lys Glu Thr
130 135 140

Leu Glu Pro Ile Gln Leu Asp Phe Asn Asp Pro Thr Val Ala Lys Ser
148 150 15s 160

Pro Ala Lys Thr Ser Thr Ala Leu Asn Ala Val Val Asn Leu Gly Asp
165 170 175

Ser Thr Asp Dys Thr Gln Ser Glu Ala Asn Pro Tyr Phe Ala Leu Leu
180 185 196

Glu Ser Trp Lys Gly Asn Gly Thr Pro Pro Ile Ser Thr Ser Asn Tyr
185 200 205

Ser Tyr Ala Gln Pro Met Arg val Tyr Asp Gln Gln Gly Asan Ser His
210 215 220

23p Idle Thr Val Tyr Phe Asp Gly Ala Pro Ser Ser Thr Gly Ser Lys
225 230 235 240

Thr Phe Glu Tyr Leu Val Ala Met Asn Pxo Sexr Glu Mhsp Gly Sexr Ala
245 250 255

Ala Ser Gly Thr Asp Ser Ala Gly Leu Leu Met Ser Gly Thr Met Thr
260 265 270

Phe Ser Ser Asn Gly Glu Leu Lys Asn Met Thr Ala Phe Thr Pro Thr
275 280 28S

Gly Ser Ala Thr Lys Asp Lecu Asn Ala Tzp Gln Pro Ala Pre Lecu Vval
250 295 300

Asn Gly Leu Pro Gln Phe Ser Ala Asn Phe val Gly Ala Gly Ile Gln

. 30S 3190 315 320

Pro Leu Thr Leu Asp Phe Gly Ile Lys Sexr Gln Gln Asn Met Trp Ala
325 330 335

Gly Ala Pro Ala Ser Ala Ala Ala Ile Gly Thr Asp Ile Gly Lys Leu
340 345 350

Pro Ser Met MeT Pre Ile Gln Thr Ser Ser Gly Asn Ser Thr Ala Aczg
355 360 385

Asn Gly Ser Sex Ser Thr Arg Arg Tyr Ser Gln Asp Gly Tyr Pro Glan
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Gly

38S

Lys

Arg

Sex

Ser

370

Asp

Ty«

Phe

Ala

Asn

450

Met

Met

Leu

<210> 2

<211>
<212>
<213>

<220>

<221>
<2225

<400> 2

atg
Met
1

aca
Thx

999

atg
Metr

999
Gly

rac

Gly Tyr

Leu

Ser

Thx

Thx

43S

Tyr

Serx

Asgn

Glu

1509
DNA

Lawsonia intracellularis

cps
(1) .. (15086}

g99
Gly

ttg
Leu

aag
Lys

Val Asp

Asn Ser
405

Sexr Glu
420

Leu Asp

Gly Lys

Axrg Glu

Ser Lys

485

Len Lys
500

agt ttg

Ser Leu

ggt act
Gly Thr
20

cag caa
Gln Gln

val

390

Gln

Asp

Ser

Leu

Met

470

Serx

Arg

L4 A
Phe

gtc
Val

cag gta
Gln val

3175

Thx

Val

Gly

Gly

Ser

455

Val

Val

art
Lle

Tce

Ser

Ile

val

Leu

Gly

440

vVal

Asn

Thr

ggt
Gly

aat
Asn

gty
val

Thr

Asp

Arg
425

Pro

Met

Thr

gca

MAMa

aat
Asn
25

ttt
Phe

Sex

Phe

410

Arg

Glu

Gln

Ile

Ala
490

aca ggt atg aaa
Thr Gly Met Lys

10

att gct aac goa
Ile Ala Asn ala

caa gac ctg ttt
Gln Asp Leu Phe

<la
395

Tyr

Glu

Phe

Leu

Ile

7S

Asp

380

Gly

Asn

Lya

Ile

leu

Pro

Gly Asn Aan

Gly

Glu

460

Ile

Thx

430

Leu Pro

445

Thr Scr
-

Gln Arg

Mex

Leu

acc
Thx

aat
Asn
30

Ser

Gln

Leu
415

His

Gly

Asn

Gly

Gln
495

cat
His
15

acc

Thr

caa
Gln

Gly

400

Ala

Tyr

Thr

val

Phe

460

Lys

agt

Ser

att
1le

gat
Asp

4%

8¢

144
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tta
Leu

gga
Gly
65

gaa

Glu

Tt
Phe

tta

2 Leu

® -

Ser

gag
Glu

tea

Ser

gca
Ala
50

geca
Adla

cct

Pro

cag
Gln

cgr
Arg

atg
Mer
13¢

gaa
Glu

goa

Ala

aca
Thx

age

Ser

tat
Tyr
210

35

ata
Ile

cag
Gln

gge
Cly

gtt
Val

} 434
Phe
115

ggc
Gly

cca

Pro

aaa

Lys

gat
Asp

tgg
Trp
185

gca
Ala

99t
Gly

gtt
val

aat
Asn

aca
Thr
100

acv
Thx

tca
Ser

ate
Ile

acs

Thr

aaa
Lys
180

aaa

Lys

caa

Gln

tct

Ser

gga
Gly

agt
Ser
8s

tta

Leu

caa
Gln

aga
Arg

cag
Gin

agr
Ser
165

aca

Thr

gga
Gly

cct

Pro

act
Thre

agt
Ser
70

gta
val

gayg
Glu

gat

ata

Ile

tta
Leu
150

aca

Thr

caa
Gln

aat
Asn

atg
Met

gga
Gly
55

gtt
val

aca

Thz

gat
Asp

ggt
Gly

L g-1
Ser
135

gac
Asp

geca

Ala

agt

Sex

gga
Gly

aga
Arg
215

40

agr
Sex

cgc
Arg

gat
Asp

aaa

Lys

Tt
Phe
120

aat
As=n

ttt
Phe

tta

Leu

gaa
Glu

aca
Thr
200

gta
val

Cﬂg

Gln

aca

Thr

ctt

Leu

gta
val
1058

tta

Leu

aac
Asn

aat
Asn

anc

Asn

get
Ala
188

cet

Pra

tac
Tyx

g99
Gly

atc
Ile

gct
Ala
90

cac

His

ait
Asn

cct

Pro

gat
Zsp

get
Ala
170

aat

Asn

cet
Pro

gat
Asp

cca

Pro

Tt
Phe
75

Ile

tat
Tyr

gat

aac

Asn

cct
Pro
155

gtg
Val

cca

Pro

att
Ile

caa
Gln

aae
Asn
60

aca
Thr

ggt
Gly

aca
Thr

cct

Pro

ata
Ile
140

aca
Thr

gTa
Val

tac

Tyr

tct
Sex

caa
Gln
220

95

cag

Gin

cag
Gln

gga
Gly

cga
Arg

age
Sex
125

aaa
Lys

gta
val

aac
Asn

Tt
Phe

aca
Thx
205

Jgga
Gly

gct
Ala

ggt
Gly

aaa

Lys

gca
Ala
210

gga
Gly

aag
Lys

gca
Ala

et
Len

gca
Ada
190

tca

Ser

aat

Asn

ggt
Gly

gct
Ala

ggt
Gly
25

g9y
cly

ttT
Phe

gaa
Glu

aag

Lys

ggt
Gly
175

ctt

Leu

aac
Asn

tct

Sex

atg
Met

Tttt
Phe
1]

tet

Phe

aat

Asn

act
The

ace

Tet
Ser
1€0

gat

ctt
Lau

tac
Tyz

cac
His

192

249

288

336

384

432

480

528

576

624

872
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gat ata act gra tat ttt gat gga geca coc tet tca aca gga agt aaa 720
Asp Ile Thr Val Tyr Phe Asp Gly Ala Pxo Ser Ser Thr Gly Ser Lys
,225 230 235 240

aca it gaa tac ctt grta gct atg aat cct agt gaa gat gga agt get 768
Thr Phe Glu Tyz Leu Val Ala Met Asn Pro Ser Glu Asp Gly Ser Ala
245 250 2S5

gca toea gga aca gat agk gea ggt cte tta atg tct gga act atg aca Blé
Ala Ser Gly Thr Asp Ser Ala Gly Leu Leu Met Ser Gly Thr Met Thr
260 ’ 265 270

Tttt tca agt aat gge gaa tta zaa aat atg aca gct ttt act ccot act 8€4 <
Fhe Sexr Ser Asn Gly Glu Leu Lys Asn Met Thr Ala Phe Thx Prxo Thr
278 280 285

ggc Tot gca aca aaa gat tta aat gca tgg caa ccA gca cca tta gte 212
Gly Ser Ala Thr Lys Azp Leu Asn Ala Trp Gln Pke Ala Pro Leu Val
290 285 300

aat ggt tta cca cag ttt tea gcoa aat TLT gttt ggt gca gga ata cag 260
Asn Gly Leu Pro Glan Phe Ser Ala man Phe Val Gly Ala Gly Ile Gln
305 310 als 3z¢

CCL Tra aca tta gac tit gga ATt aaa age caaz cag aat atg tgg gea 1008
~Pxo Leu Thr Leu Asp Phe Gly Ile Lys Sexr Gln ¢ln Aszn Met, Trp Ala
325 320 . 335

gga gor cca gca tec geT get goe ata ggt aca gat att ggg aaa tryg 1056
Gly Ala Pro Ala Ser Ala Ala Als Ile Gly Thr Asp Ile Gly Lys leu
340 345 3I5¢

cta tea atg aktg cca ata caa ace tec age ggt aat tet aca gea aga 1104
Pro Ser Met Met Pro Ile Gln Thr Ser Ser Gly Asn Ser Thx Ala Axg

. 355 360 365

aAat gga teca tet tca aca aga aga tat agc caa gat ggt tat cct cag 11582
Asn Gly Ser Sex Ser Thr Arg Axg Tyr Ser Gln Asp Gly Tyr Pro Gln
370 375 3s0

gga gat cta gta gat gtc aca att acc tet gaa ggg aaa tta caa ggt 1200
Gly Asp Leu Val Asp Val Thr Ile Thr Ser Glu Gly Lys Leu Gln Gly
385 390 395 400

Aag Ttat agt aat agt cag gtt gtt gat Tttt tat aat att cct tta gca 1248
Lys Tyr Ser Asn Scr Gln Val Val Asp Phe Tyx Asn Ile Pro Leu Ala
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4058 110 415

cgc ttt aca agt gag gat gga Tta aga cga gaa ggg aat aac cat tar 1296
Arg Phe Thr Ser Glu Asp Gly lLeu Axrg Arg Glu Gly Asn Asn His Tyx
220 423 430

tec gea aca ctt gac tca ggr ggg cca gag ttt gga ttg cca gga aca 1344
Ser Ala Thr Leu Asp Sex Gly Gly Pro Glu Phe Gly Leu Pro Gly Thr
435 440 445

TCL aac tat gga aaa ctt agt gtg aat caa ctt gag act tct aac gca 1392
Ser Asn Tyr Gly Lys Leu Ser Val Asn Gln Leu Glu Thxr Ser Aan Val
4€0 485 460

gac 3atg agc aga gaa akg gtt aat atg att att att caa cgt ggt ttt 1440
Agp Met Ser Arg Glu Met Val Asn Met Ile Ile Ilc Gln Arg Gly Phe
465 470 475 480

rag atg aat agt aaa tct gtt aca aca gca gac aca atg cta caa aaa 1488
Gln Met Azn Ser Lys Sex Val Thx Thr Ala Asp Thr Met Leu 6¢ln Lys
85 . 490 495

gea ctt gaa cta aag cgt taa 1508
Ala Leu Glu Leu Lys Arg
500

<210> 3
XS
= <211> 21
i
= <212> DNA

<213> Artificial Ssequence

<220>

<223> pescription of Artificial Sequence:oligonucleotide

<400> 3

€Tatttttag gagargttat < 21

<210> 4

<21i1> 22

<212> DMNA

<213> aAxtificaal Sequehce
<220>

<223> Description of Artificial Sequence:oligonucleatide

<400> 4

vacaaaatta acaataaaat ac 22
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C. IDONEIDAD 045

TRADUCTOR E INTERPRETE OFICIAL
UNIVERSIDAD NACIONA

JUAN PABLO PIEDRAHITA AGUILERA

TRADUCCION OFICIAL No.

TRADUCCION OFICIAL No. 00/206 de un documento escrito en inglés, el cual para
su identificacion se sella con el sello del traductor al tiempo con la presente. Esta
traduccion ha sido preparada por Juan Pablo Piedrahita Aguilera, Traductor e
Intérprete Oficial debidamente reconocido de conformidad con el Certificado de

ldoneidad‘ Profesional No. 0045 expedido por la Universidad Nacional de Colombia.

(Se traduce un documento de Cesion de derechos, propiedad y participacion sobre la /
invencién titulada "Gen Novedoso Lawsonia y sus usos IV", otorgado por PFIZER

INC. a favor de el PFIZER PRODUCTS INC., escrito en inglés.)

A TODOS A QUIENES ESTOS PRESENTES LLEGAREN

Yo, MARION HEATHCOTE, Notario Publico, debidamente inscrito y juramentado y
ejerciendo en fa ciudad de Sydney en el Estado de New South Wales de la
Méncomunidad de Australia POR EL PRESENTE CERTIFICO que el documento
adjunto es una fotocopia auténtica de! documento original del cual es una copia del
mismo tenor, he cuidadosamente confrontado y comparado dicha copia con dicho
original y he encontrado que la misma concuerda con él.

DOY FE Y EN TESTIMONIO DE LO CUAL Yo, el notario mencionado he suscrito mi

nombre y he estampado mi sello Oficial en Sydney, hoy dia Siete de Agosto del Dos

5

Sello Notarial en Relieve)

DE CQLOMB!

L

(Firmado)

Notario Publico
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C. IDONEIDAD 045

TRADUCTOR E INTERPRETE OFICIAL
UNIVERSIDAD

JUAN PABLO PIEDRAHITA AGUILERA

TRADUCCION OFICIAL Ne.

Sydney, New South Wales

Australia

Sello a tinta: Yo, Sheila Solomons, funcionario del Departamento de Relaciones
Exteriores y Comercio, Australia, POR EL PRESENTE CERTIFICO que la firma de M.
Heathcote, la cual aparece en los documentos anteriores/adjuntos/al respaido del
presente es la firma auténtica de Marion Heathcote, Notario Publico residente en la
ciudad de Sydney, en el estado de New South Wales, Australia y que el sello
estampado es el Sello Oficial del mencionado Marion Heathcote. Al certificario, ni Yo
ni el Departamento avalamos ni hacemos declaraciéon alguna en relacion con la
exactitud del contenido del documento.

Dado bajo mi firma y selio del Departamento de Relaciones Exteriores y Comercio
hoy dia 16 de Agosto del Dos Mil (2000).

(Sello a tinta del Departamento de Relaciones Exteriores y Comercio, Melbourne,

Australia, [Firmado])

PC10566

CESION CO-1X
A cambio de valiosa contraprestacion pagada a nosotros por PFIZER PRODUCTS
INC., una sociedad constituida bajo las ieyes del Estado de Connecticut, Estados
Unidos de América, con direccidn principal de negocios en Eastern Point Road,
Groton, Connecticut 06340, Estados Unidos de América, por el presente vendemos y

cedemos a dicha PFIZER PRODUCTS INC., todos nuestros derechos, propiedad y

IONAL DE COLOMBIA

gparticipacién en y sobre nuestra propia invencién para una Mejora nueva y util en

S GEN NOVEDOSO LAWSONIA SSP. Y SUS USOS IV, en cuanto concierne a la



Republica de Colombia, tan completamente como se establece y describe en la
especificacion, y por el presente autorizamos y solicitamos al Comisario de Patentes
de Colombia que expida la patente a la mencionada PFIZER PRODUCTS INC. de
acuerdo con esta cesion.

En testimonio de lo cual he estampado mi firma hoy

PFIZER INC.

Nueva York, NY. 7/17/00 (Firmado)

Lugar, fecha y firma- ALLEN J, SPIEGEL
DIRECTOR PRINCIPAL-OPERACIONES INTERNACIONALES DE PATENTES

En espaiiol, autenticacion de la firma del funcionario del Departamento de Relaciones
Exteriores y de Comercio de Melbourne, Australia No. 199/00 del 21 de Agosto, 2000.

Pagados el impuesto de Timbre v Derechos Consulares por US$22.00)

Autenticacion por el Ministerio de Relaciones Exteriores Numero 428145 de

Septiembre 4 del 2000, suscrita por el Jefe de Legalizaciones.

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos de

esta oficina para su confrontacién y a la cual me remito.

it

- TRADUCCION OF iCAL NO. e
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA

Santafé de Bogots, Septiembre 16 del 2000.
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ork, fn and for the County of New York, 1t of Record, having by law a seal,
‘DO HEREBY CERTIFY ursuant to the Execudve Law of the State of New York, that

/Uu// Bm&l 44

whose name is subscribed to the lnnexed uﬁdnv{ ?osmo certiﬁcttc of acknowledgment or proof, was at the
tme of taking the same « NOTARY PUBLIC i or the State of New York duly commissioned, sworn a
qualified vo act as such; thar pursuant to law, a commlsslon or a certificate of his officlal chnncter. with his
autograph signature has been filed in my office; that at the dme of taking such proof, acknowled cnt or oath, he
was duly suthorized to take the same; that 1 am well acquainted with the‘undwridng of such NOTARY PUBLIC

or have compared the signature on the annexed instrument with his autograph signature deposlted in my office, and
1 belleve that such signature is genuine.

IN WITNESS WHEREOF, | have hereunto set my hand affixed my official seal this
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JUAN PABLO PIEDRAHITAAGUILERA € Clerk ond Clerk of e Supreme Court, New York County
TRADUCTOR £ {NTERPRETE OFICIAL
C. IDONEIDAD 045
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TRADUCCION OFICIAL No. 00/153 de un documento escrito en inglés, el cual para
su identificacion se sella con el sello del traductor al tiempo con la presente. Esta -
traduccion ha sido preparada por Juan Pablo Piedrahita Aguilera, Traductor e
intérprete Oficial debidamente reconocido de conformidad con el Cerificado de
Idoneidad Profesional No. 0045 expedido por {a Universidad Nacional de Colombia.

(Se traduce un Certificado de Solicitud de Registro de Patente y la caratula de la

solicitud respectiva).

ESTADOS UNIDOS DE AMERICA
A TODOS A QUIENES ESTOS PRESENTES LLEGAREN:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
Oficina de Patentes y Marcas de los Estados Unidos
Mayo 8, 2000

POR EL PRESENTE CERTIFICO QUE ADJUNTA SE ENCUENTRA UNA COPIA
FIEL DE LOS .ARCHlVOS DE LA OFICINA DE PATENTES Y MARCAS DE LOS
ESTADOS UNIDOS DE AMERICA DE AQUELLOS DOCUMENTOS DE LA
SOLICITUD DE PATENTE IDENTIFICADA ABAJO QUE CUMPLIERON CON LOS
REQUISITOS PARA QUE SE LES OTORGARA UNA FECHA DE SOLICITUD BAJO
EL CODIGO DE COMERCIO DE LOS ESTADOS UNIDOS DE AMERICA TITULO 35
SECCION 111.

NUMERO DE SOLICITUD: 60/133,973

FECHA DE SOLICITUD: Mayo 13 1999

Por autoridad del
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JUAN PABLO PIEDRAHITA AGUILERA 1
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COMISARIO DE PATENTES Y MARCAS 1 Yy
(Firmado)
H. PHILLIPS
Funcionario que Certifica
(SELLO DE OBLEA DE LA OFICINA DE PATENTES Y MARCAS DE LOS
ESTADOS UNIDOS DE AMERICA)

. Mayo 8, 2000
La presente es para informarle gue el documento solicitado en su orden con fecha 05-
01-2000 es una reproduccion fiel de la copia de la oficina de registro oficial de ese
documento: 60133973 SOLICITUD DE PATENTE CERTIFICADA, TAL COMO FUE
PRESENTADA - EXPEDIDA -PSF 11
La Solicitud de Patente adjunta como se Presenté es una reproduccion de la
solicitud tal como se presentd originalmente y ha sido registrada usando equipo
de escaner o micro-filmacion de alta calidad. No se incluyen las péaginas o
. papeles que no pudieron pasar por el escaner, o paginas o papeles recibidos
después de la fecha de presentacion. Copias de estas péginas o papeles se
deben solicitar por separado.
El documento adjunto es una reproduccidn de la fuente con mayor
disponibilidad de la copia de la oficina de registro oficial de ese documento.
Si tuviere cualesquiera preguntas o necesitare informacion adicional, favor dirigase a

nuestro Departamento de Servicio al Cliente.

Direccién de Correspondencia: Direccién para Entrega

U.S. Patent and Trademark Office U.S. Patent and Trademark Office
TRADUCCION OFICIAL No. Gt |~ -
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Office of Public Records, Customer Service  Office of Public Records, Customer Service |, ~ )

2~
Crystal Gateway 4, Suite 300 1213 Jefferson Davis Highway, Suite 300
Washington D.C. 20231 Arlington VA 22202

Para el procesamiento més répido de nuevas 6rdenes, favor especificar como sea adecuado:
Casilla 9 (Venta de copias) para copias No certificadas, o Casilla 10 para copias
Certificadas de documentos de fa Oficina de Patentes y Marcas.

Voz: (703) 308-9726  Fax: (703) 308-7048

9 Correo Electronico: PTCS@USPTO.GOV o Certdiv@USPTO.GOV

Ref: HP 244621

SOLICITUD PROVISIONAL DE PATENTE

CARATULA
Caso No. DAVIE73.001PRF
Fecha: Mayo 13, 1999
Pagina 1
. (Al margen codigos de barras jc135 U.S. PTO, 05/13/99, jc541 U.S. PTO,

60/133973, 05/13/99)

(Sello al margen en 2 paginas: 60133973.051399)
COMISARIO ASISTENTE DE PATENTES
WASHINGTON D.C. 20231

ATENCION: SOLICITUD PROVISIONAL DE PATENTE
Sefior:

Esta es una peticion para presentar una Solicitud Provisional de Patente bajo 37 CFR

TRADUCCION OFiciaL N8 8 /
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Para: GEN NOVEDOSO LAWSONIA'Y SUS USOS IV L

Nombre del Primer Inventor:
Direccion de Residencia:
Ciudadania;

Nombre del Segundo Inventor:

Direccién de Residencia:
Ciudadania:

Nombre del Tercer Inventor:
Direccién de Residencia:
Ciudadania:

Nombre del Cuarto Inventor:

Direccién de Residencia:
Ciudadania:

Nombre del Quinto Inventor:
Direccién de Residencia:
Ciudadania:

Nombre del Sexto Inventor:
Direccion de Residencia:
Ciudadania:

Adjuntos se encuentran:

o )y

Y.

2

At

Michael Panaccio

112 Hill road, North Balwyn, Victoria, 3104, Australia
Australiana

Everett Lee Rosey

457 Route 164, Preston, Connecticut 06365

EE.UU.

Detlef Hasse

4 Scullin Court, Sunbury, Victoria, 3429, Australia
Australiana

Meri Sinistaj

3160 Gourlay Street, East St. Kilda, Victoria, 3183 Australia
Australiana

Jim Parsons

11 Kanandah Court, Research, Victoria, 3095 Australia
EE.UU.

Robert Gerard Ankenbauer

104 Castle Hill Road, Pawcatuck, Connecticut 06379
EE.UU.

{(X) Solicitud en 70 paginas con 6 paginas de listadas secuenciales.

(X) 2 hoja de dibujos

(X) Se adjunta un cheque por el monto de $150 para cubrir los derechos de

presentacion.

{X) Una postal de devolucion pre-pagada

SOLICITUD PROVISIONAL DE PATENTE

CARATULA
Caso No. DAVIE73.001PRF

TRADUCCION OFICIAL No. a_n_4_1_5,_5
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Fecha: Mayo 13, 1999
Péagina 2

(X) El comisario por el presente estd autorizado para cobrar cualesquiera cargos
adicionales que puedan requerirse, o acreditar cualquier sobrepago a la

Cuenta No. 11-1410. Se adjunta una copia por duplicado de esta hoja.

Fue esta invencion hecha por una agencia del Gobierno de los Estados Unidos o bajo
contrato con una agencia del Gobiermno de los Estados Unidos?

(X) No.

() Si. El nombre de la agencia del Gobierno de los Estados Unidos y el nimero
del contrato son: (en blanco)

(X)  Favor enviar la correspondencia a:

Daniel E. Altman
Knobbe, Martens, Oison & Bear, LLP
620 Newport Center Dr., 16" Floor
Newport Beach, CA 92660
Presentado respetuosamente,
(Firmado)
Daniel E. Atman
Registro No. 34,115
E\DOCS\DEA\DEA-1186.DOC:kc
051299

KNOBBE, MARTENS, OLSON & BEAR, LLP
620 NEWPORT CENTER DR. 16" FLOOR NEWPORT BEACH, CA 92660
(949) 760-0404 FAX (949) 760-9502

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos de

22

TRADUCCION OFICIAL ’.\ao.o 6/ 15
'JAN PABLO PIEDRAHITA AGUILER
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
ANIVERSIDAD NACIONAL DE COLOMBIA

esta oficina para su confrontacién y a la cual me remito.
Santafé de Bogotd, Agosto 3 del 2000.
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REIVINDICACIONES

Habiendo asi especiaimente descripto y determinado la naturaleza ce 13
presente invencion y la forma como la misma ha de ser llevada a la practica se
declara reivindicar como de propiedad y derecho exclusivo:

1 Un polipeptido inmunogénico aislado o0 recombinante que comprerde.
Imita o tiene una reaccion cruzada con un epitope de celula B o de célula T de un
polipeptido Lawsonia spp FIgE

2. El polipeptido inmunogenico arslado o recombinante de la Retvindicacion 1
capaz de provocar la preduccion de anticuerpos contra Lawsonia spp cuancc se
administra a un animal, cerdo o ave.

3. El polipéptido inmunogenico aislado o recombinante de la Reivindicacion 1
capaz de conferir una respuesta inumunologica protectora contra Lawsonia spp
cuando se administra al animal. ave o cerdo.

4 EL polipéptido inmunogenico aislado o recombinante de la Relvindicacion
2 donde Lawsonia spp es L. intracellulans.

5. El polipéptido inmunogénico aislado o recombinante de la Reivindicacion 3
dohde Lawsonia spp es L. intracellulanis. =~

| 6. Un polipéptido aislado o recombinante seleccionado de lo siguiente

(1) un péptido. oligopeptido o polipéptido que 'Comprende una secuencia de
aminoacido que tiene al menos alrededor del 60 % de identidad de secuencta total
con respecto a la secuencia determinada en el Nr 1D de SEC.: 1:

(1) un homadlogo. analogo o derivado de (i) que imita a un epitope de celuia B
o de celula T de un polipéptido Lawsonia spp. FigE.

7 El palipeptido inmunogenico aisiado o recombinante de fa Reiwvindicacion 6

capaz de generar la produccion de anticuerpos contra Lawsonia spp en un animal.

cerdo 0 ave.
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8 El polipéptido inmunogeénico aislado o recombinante de la Reivindicacion 7
capaz de conferir una respuesta inmunolggica protectora contra Lawsonia spp en
un animal. cerdo o ave.

9 E! polipéptido inmunogénico aislado o recombinante de la Reivindicacion
8. capaz de inducir la inmunidad humoral contra Lawsonia spp en un animal,
cerdo o ave.

10. El polipéptido inmunogénico aislado o recombinante de la Reivindicacion
9. capaz de inducir la inmunidad humoral contra Lawsonia spp en un animal
porcino.

11. El polipéptido inmunogénico aislado o recombinante de la Reivindicacion
8 donde la Lawsonia spp es L. intracellularis.

12. El polipéptidc aislado o recombinante de la Reivindicacion 10 donde
Lawsonia spp es L. intracelulfaris.

13. El polipéptido aislado o recombinante de la Rewvindicacion 6 que
comprende la secuencia de aminoacido determinada en el Nr ID de SEC: 1 o la
secuencia de aminoacido codificada por la secuencia de nucledtido que codifica
FIgE de pALK11 (A?'CC 207156) y es capaz de generar la produccion de
anticuerpos contra Lawsonia intracellularis cuando se administra a un animal.
cerdo o ave.

14. E! polipéptido iInmunogénico aislado o recombinante de la Reivindicacidon
13 que esta formado esencialmente por Ia secuencia de aminoacido del Nr 1D de
SEC: 1 o la secuencia de aminoacido codificada por la secuencia que codifica
FIgE de pALK11 (ATCC 2071586).

15. El polipéptido inmunogénico aislado o recombinante de la Reivindicacion
13 0 14 capaz de inducir una respuesta inmunclogica protectora contra Lawsonia

intracellularis en un animal, cerdo o ave.
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16. El polipéptido inmunogénico aislado o recombinante de la Reivindicacion
15 capaz de inducir una respuesta inmunologica protectora contra Lawscnia
intracellularis en un cerdo

17. Una composicion para vacuna para la profilaxis o tratamiento de la
infeccion de un animal por Lawsonia spp.. dicha composicion para vacuna
comprende un componente iINmMunogenico que co‘mprende un pohipéptido aisiado
0 recombinante que tiene al menos alrededor del 60 % de identidad de secuencia
total con respecto a la secuencia de aminoacido determinada en el Nr ID de SEC:
1 o su homdlogo. andlogo o derivado inmunogénico que tiene reaccion
inmunologicamente cruzada con Lawsonia intracellularis: y uno 0 mas portadores.
diluyentes o adyuvantes adecuados para el uso veterinario o farmaceutico.

18. La composicion para vacuna de acuerdo con la Reivindicacion 17 donde
Lawsonia spp es L. intracellulars.

19. La composicidn para vacuna de acuerdo con la reivindicacion 18 donde
el componente inmunogénico comprende un polipéptido aislado o recombinante
que comprende la secuenciade aminocacido determinada en el Nr 1D de SEC: 10
Ja secuencia de aminoacido codificada por la secuencia de nucleétido que codifica
FIgE de pALK11 (ATCC 207156).

20. La composicion para vacuna de la Reivindicacion 19 donde el
componente inmunogénico esta formado esencialmente por la secuencia de
aminoacido del Nr ID de SEC: 1.

21. Una composicion para vacuna combinada para la profilaxis o el
tratamiento de la infeccidn de un animal por Lawsonia spp., dicha composicion
para vacuna comprende:

(i) un primer componente inmunogénico que comprende un polipéptido
aislado o recombinante que tiene al menos alrededor de un 60 % de identidad de

secuencia total con respecto a la secuencia de aminoacido determinada en el Nr
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ID de SEC: 1 o su homologo andlogo o derivado que tiene una reaccTéﬁ
inmunologicamente cruzada con Lawsonia intracellulans:

(i) un segundo componente INMuUNOGEniCo que comprende un peptido.
polipéptido o proteina de L. intracellularis antigénica; y

(i) uno o mas portadores, diluyentes, o adyuvantes adecuados para el uso
veterinario o farmacéutico.

22. Un vector para vacuna que comprende. en una forma que se puede
expresar, una molécula de acido nucleico que tien una secuencia de nucleotido
que codifica al polipéptido aislado o recombinante inmunogénico que comprende
a la secuencia de aminoacido determinada en el Nr ID de SEC: 1de manera tal
que dicho polipéptido inmunogénico se puede expresar en un nivel suficiente
como para conferir inmunidad contra Lawsonia Spp.. cuando se administra a un
animal, cerdo o ave.

23. El vector para vacuna de la Reivindicacion 22 donde el polipéptido
INmunNogenico se expresa usando Jos siguientes pasos:

(i) colocar una molécula de acido nucleico aislada que comprende a la
secuencia de nucledtido determinada en el Nr ID de SEC. 1 o su variante
degenerada, un homologo, analogo o derivado que tiene al menos airededor del
60 % de identidad de secuencia. en asociacion operativa con una secuencia
promotora;

(i) introducir la molécula de acido nucleico aislada y la secuencia promotora
del paso (a) dentro del vector para vacuna: y

(i) incubar, hacer desarrollar o propagar el vector para vacuna durante un
tiempo y bajo condiciones suficientes para que ocurra la expresion del polipéptido
inmunogénico codificado por dicha molécula de acido nucleico. ‘

24, El vector para vacuna de la Reivindicaciéon 23 donde Lawsonia spp.. es

L. intracellularis.

B ]
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25. Una molécula de anticuerpo policlonal o monocional que es capaz de
enlazarse especificamente a un polipéptido FIgE o un derivado de un polipéptido
FIgE que deriva de Lawsonia spp, y tiene al menos un 60 % de identidad de
secuencia total con respecto a la secuencia de aminoacido determinada en el Nr
ID de SEC: 1.

26. La molécula del anticuerpo de la Reivindicacion 25 donde el polipeptido

‘ FIgE o su derivado comprende a las secuencias de aminoacido determinadas en
el Nr ID de SEC: 1.

27. Un método para diagnosticar la infeccion de un animal. cerdo o ave. por
Lawsonia intracellularis o un microorganismo que tenga una reaccion
inmunologicamente cruzada, dicho meétodo comprende los pasos de hacer
contactar una muestra bioiégica derivada de dicho animal con la molécula del
anticuerpo de la Reivindicacion 25 durante un tiempo y bajo condiciones
suficientes como para que se forme el_complejo antigeno : anticuerpo. y luego
detectar dicha formacién del complejo.

‘ 28 Eil método de la Reivindicacion 2¥-donde la muestra bioldgica comprende
suero entero, nodos linfaticos. ileo, intestino ciego. intestino delgado. intestino
grueso. heces o escobillado rectal derivado de un animal porcino.

29. Un método para identificar si un animal, cerdo o ave, ha sufrnido de una
infeccion anterior. o esta infectado con Lawsonia intracellulans o un
microorganismo que tiene reaccion inmunolégicamente cruzada, dicho meétodo
comprende hacer contactar la sangre o suero de dicho animal con el polipeptido
inmunogénico de la Reivindicacion 1 durante un tiempo y bajo condiciones
suficientes para que se forme el complejo antigeno : anticuerpo , y luego detectar
dicha formacion del compiejo.

30. Una molecula de acido nucleico aislada que comprende una secuencia

de nucledtidos que codifica o es complementaria con una molécula de acido
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nucleico que codifica. a un péptido. oligopéptico o polipéptido seleccionado del
grupo formado por:

(1) un péptido. oligopéptido o polipéptido que comprende una secuencia de
aminoacido que tiene al menos alrededor del 60 % de identidad de secuencia total
con respecto a la secuencia determinada en el Nr ID de SEC: 1:

(it) un homdlogo. analogo o derivado de (i) que imita a un epitope de celula B
o de célula T de un polipéptido Lawsonia spp. FIgE.

31. La molécula de acido nucleico aisiada de ia Reivindicacion 30. donde el
péptido. oligopéptido o polipéptido comprende una secuencia de aminoacido
determinada en el Nr ID de SEC: 1 o la secuencia de aminoécido codificada por
la secuencia de nucledtido que codifica FIgE de pALK11 (ATCC 207156) o su
epitope de celulaB o de céiula T.

32. La molécula de acido nucleico aislada de la Reivindicacion 31 que
comprende a la secuencia de nucledtido determinada en el NrID de SEC: 2 o una
secuencia de nucleotido complementaria o su variante degenerada.

33 La molécula de &cido nucleico aislade-de la Reivindicacién 32 formada
esencialmente por la secuencia de nucleétido del Nr ID de SEC: 2 o su variante
degenerada.

34. Un método para detectar Lawsonia intracellularis 0 microorganismo
relacionado en una muestra biologica derivada de un sujeto animal. cerdo o ave,
dicho método comprende los pasos de hibridar una o mas sondas o cebadores
derivados de la secuencia de nucledtido determinada en el Nr ID de SEC: 2 o un
nucledtido complementario a dicha muestra y luego detectar dicha hibridacion
usando un medio de deteccion.

35. El método de la Reivindicacién 34 donde la muestra bioldgica comprende
suero entero, nodos linfaticos, ileon. intestino ciego, intestino delgado, intestino

grueso. heces o escobillado rectal derivado de un animal porcino.
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36. El método de la Reivindicacion 34 donde el medio de deteccion
comprende a cualquier acido nucleico basado en la reaccidén de hibridacion o
amplificacion.

37. Una sonda o cebador que tiene al menos alrededor de 15 nucleotidos
contiguos en longitud derivado del Nr ID de SEC: 2 o una secuencia de nucledtido
complementaria.

38. Un plasmido designado pALK11 (Nr de Acceso ATCC 207156).

39. Una vacuna combinada de acuerdo con la Reivindicacion 21 donde el
segundo componente inmunogénico que comprende un peptido. polipéptido o

proteina antigénica L. intracellularis seleccionada del grupo formado por OmpH,

SodC, hemolisina y autolisina.

p. AGRICULTURE VICTORIA SERVICES PTY LTD AN\ND PIG RESEARCH \ND DIATLOTMENT

CORPORATION AND PFIZER PRODUCTS INC.
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Clarke, Modet & Co. %
COLOMBIA ; F
E-MAIL: clf!rkemoda@clarkemodetomn.eo - ZS:‘:}
SANTAFE DE BOGOTA, A A. 92397 S

o SUPERINDUSTRIZY COMERCID
Fadicacion 1 90034376 o9 (I

fe:ha DI 2000-10-27 17:0%: 13
; rasite 002 PATENTES D REGISTROD/ 467 sgiprmy
SENORES Besenderciar 2020 DIVISION I Huw;gﬁéégggur{éz/ R
DIVISION DE NUEVAS CREACIONES )
SUPERINTENDENCIA DE INDUSTRIA'Y COMERCIO

Folios: p

E. S. D.
COD:13
REF.: EXPEDIENTE: 00034576
SOLICITUD DE PATENTE: NOVEDOSO GEN DE LAWSONIA SPP
Y USOS IV

SOLICITANTE: AGRICULTURE VICTORIA SERVICES PTY LTD.
PIG RESEARCH AND DEVELOPMENT CORPORATION

PFIZER PRODUCTS INC.

FECHA DE LA SOLICITD: MAYO 12 DE 2.000

ASUNTO: SOLICITUD DE PRORROGA DEL TERMINO OFICIAL

DILIA RODRIGUEZ D'ALEMAN, en mi condicion de apoderada de la sociedad
solicitante en el expediente de la referencia, atentamente solicito a usted se me
conceda una prérroga del término, fijado mediante Auto notificado 14 de Septiembre
de 2.000, que vence 27 de Octubre de 2.000 , para presentar los documentos faltantes
y aclaraciones requeridas por el examinador oficial en la referida solicitud.

Fundamento mi solicitud en el articulo 22 de la Decision 344 de 1993 del Acuerdo de
Cartagena.

Anexo, el recibo de pago para efectos de lo anterior, y agradezco su atencion.

Sefior Jefe,

o 7

DILIA RODRIGUEZ D'ALEMAN

CCRi/str
P-337 —
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Industria y Comercio
SUPERINTENDENCIA

gt

SUPERINBUSTRIA ¥ COMERCID
ciom ; (0034576 00000002 Folips: 2
MO e 2000-10-27 17:09:33
arite 1 002 PRTEWTES 0 REGISTRU/ 467 SOLICITUD
Sezemdesciar 2020 DIVISION IE NUEUQS CREACIONES

' !CIBU OFICIAL-DE CAJA : 63,321

FECHA : OCTUBRE 19 DE 2080

403 CORSIGHACION N

CLﬁRKE‘HﬂDET Y CO. COLOMBCONSIGNACION  BANCO POFULAR 60TA 050-00110-6 2703104 3,900,800.00
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*Céﬂr Rsmxsnw EONCEPTE TOTAL CONCEPTO

-‘ 1 -50005-01-08 PRORROGA DE TERMINDS 31 PRORROGA DE TERMINOS 30,000.00
TOTAL : $ 50,000, 00

SBN' B EIMCUENTA MIL PESDS

I ®
R“SPWBLE ' Carrera 13 No. 27-00 Pisos 5y 10
Conmutador: 334 12 21
Fax: 281 31 25
RECIBD DE CAJA APLICADD AL EXPEDIENTE Mo, e-mail: info@sic.gov.co
Santa Fe de Bogot3, D.C.,Colombia




