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Clarke, Modet & Co
COLOMBIA
E-MAIL clarkemodet@clariemodet.com.co
SANTAFE DE BOGOTA, AA. 92397—  ——g/geRIKUSTRIA ¥ TIMERCID t k
Rahacacion  O003ASHA Wl Folaos

SENORES m't:m m;gé; :a { REBISTRYY 329 COMPLENEN
DIVISION DE NUEVAS CREACIONES h,m,,m o020 DIVISIOH DE MUEWS CREACIDNES
SUPERINTENDENCIA DE INDUSTRIA 'Y COMERCI, — - T
E S D

COD 08

REF SOLICITUD N° 00034584 /
PATENTE NOVEDOSO GEN DE LAWSONIA SSP Y USOS PARA EL MISMO |
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,
n esta oportunidad por el presente escrnto me permito presentar

. Copia certificada de la pnondad provisional reivindicada de Estados Unid s
N° 60/134 022 de Mayo 13 de 1999

. Traduccion al Espafiol de la mencionada pnondad

. Por cuanto la priondad reivinidicada fue iniciaimente presentada a nombre de
personas diferentes a los actuales solicitantes, presento en tiempo copias
auténhcas y legalizadas de los respectivos documentos de cesidon
Esta pnondad esta siendo presentada dentro del término de 3 meses que
exige el Convenio de Pans, toda vez que la solicitud fué radicada el 12 de
Mayo de 2 000

Ruego a usted continuar con el presente tramite

Sefior Jefe,
é \

ILIA RODRIGUEZ D ALEMAN )
LCD/srr
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TRADUCCION OFICIAL No 00/167 de un documento escrito en inglés, el cual para

su identificacién se sella con el sello del traductor al tempo con la presente Esta
traduccion ha sido preparada por Juan Pablo Pwedrahta Agulera, Traductor e
Intérprete Oficial debidamente reconocido de conformidad con el Certificado de
Idonerdad Profesional No 0045 expedido por la Universidad Nacional de Colombia

(Se traduce un documento de Cesion de derechos, propledad y participacion sobre la
Solicitud de Patente, otorgado por Michael PANACCIO y Detlef HASSE a favor de el
ESTADQ DE VICTORIA representado por su DEPARTAMENTO DE RECURSOS
NATURALES Y DEL MEDIO AMBIENTE, escnto en ingles )

A TODOS A QUIENES ESTOS PRESENTES LLEGAREN
Yo, MARION HEATHCOTE, Notano Publico, debidamente inscnto y juramentado y
ejerciendo en la ciudad de Sydney en el Estado de New South Wales de la
Mancomunidad de Austraia POR EL PRESENTE CERTIFICO que el documento
adjunto es una copia fotografica autentica del documento onginal del cual es una
copia del mismo tenor, he cuidadosamente confrontado y comparado dicha copia con
dicho onginal y he encontrado que la misma concuerda con él
OOY FE Y EN TESTIMONIO DE LO CUAL Yo, el notano mencionado he suscnto mi
nombre y he estampado mi sello Oficial en Sydney, hoy dia Ocho de Mayo del Dos
Mil
(Sello Notanal en Relieve)
(Firmado)
Notarno Pubhco

Sydney, New South Wales
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Sello a tnta Yo, Ranu Vatana, funcionano del Departamento de Relaciones

Extenores y Comercio, Australia, POR EL PRESENTE CERTIFICO que la fiima de M

Heathcote, la cual aparece en los documentos antenores/adjuntos/al respaldo del

presente es la firma auténtica de Manon Heathcote, Notario Publico residente en la

cudad de Sydney, en el estado de New South Wales, Australia y que el sello

estampado es el Sello Oficial del mencionado Manon Heathcote Al certificario, ni Yo

m el Departamento avalamos m hacemos declaracion alguna en relacidn con la

exactitud del contenido det documento

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

hoy dia 18 de Mayo del Dos Mil (2000)

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

Australa, [Firmado])

ENTRE

Los CEDENTES (1)

de
o ()
de
Y
El CESIONARIO

CESION

Michael PANACCIO, ciudadano Australiano
122 Hill Road, North Balwyin, Victona 3104, Australia, y
Detlef HASSE, ciudadano Australiano,

4 Scullin Court, Sunbury, Victona 3429, Australa,

ESTADO DE VICTORIA representado por su DEPARTAMENTO DE

RECURSOS NATURALES Y DEL MEDIO AMBIENTE, de 8

TRADUCCION OFICtALNe 98 7 16 7
JUAN PABLO PIEDRAHITA AGUILERA
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Nicholson Street, East Melbourmne, Victona 3002, Australia,

En relacién con las invenciones divuigadas en las solicitudes de patente enumeradas

en el Anexo adjunto al presente

POR CUANTO
1 Los CEDENTES son solicitantes conjuntos en relacién 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 invencién y cualesquiera Certificados de Patente que de ella se obtengan,
3 Esta Cesion 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,
caden, transfieren y tfraspasan al CESIONARIO sus derechos exclusivos de
propiedad dominio tenencia, posesion, uso usufructo y goce de dichas invenciones y
cualesquiera y todas las Solictudes de Patente que revindiquen el derecho de
priondad 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 Solictudes de Patente mencionadas, y cualquier solicitud
divisional, de continuacién, de renovacion, de reexpedicion o susttuto de elias para la
totalidad de la vigencia o vigencias para las cuales se otorguen las mismas,

4 Los CEDENTES por ¢l presente convienen en que no ha habido m habré
cesion, venta, acuerdo o gravamen alguno que se haya celebrado a vaya a
celebrarse, el cual haya entrado o entrare en conflicto con esta cesién y venta,

5 Los CEDENTES ademés se comprometen a suministrar a el CESIONARIO,

cuando éste los solicite, con prontitud, todos los hechos pertinentes y documentos

TRADUCCION OFCIALNe @0/ 1 8 7 3
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NAGIGNAL DE QOLQMELA



, ® .\(D/

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 dara fe de ios mismos en cuanto a cualquier interferencta o
ihigio relacionados con los mismos, y suscnbird 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 wnvenciones y aquellos
Certificados de Patente que puedan ser necesanos 0 deseables para desarrollar los
propésitos del presente con cargo al CESIONARIO o al titular subsiguiente

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

Por y en nombre de los CEDENTES

(Firmado)
Nombre Michael PANACCIO

Testigo (Firmado)

Nombre Jim Parsons

Cargo Gerente de Desarrollo de Negocios
Con fecha hoy 11 de Octubre de 1999
{Firmado)

Nombre Detlef HASSE

Testigo (Fimado)

Nombre Men Sinista)

Cargo Centifico Pnncipal

Con fecha hoy 5 de Octubre de 1999

TRADUCCION ORICAL No8 0 7 16 7 4
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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

(Firmado)
Nombre Bruce Kefford

Cargo Director Ejecutivo Agncultura
(Sello a Tinta Bruce Kefford Director Ejecutivo Industnas Pnmanas)
Testigo (Firmado)
Nombre P Mackenzie
Cargo RPA
Con fecha hoy 17de Noviembre de 1999
P \OPER\WMROWPDHDNRE ASS-27/9/99

ANEXO
Pafs Sohcitud Tituto Fecha de
No Presentacion
Estados Unidos de Amenca | USSN Gen novedoso Lawsomia y Mayo 13, 1999
60/134,022 | sus usos |
Estados Unidos de America | USSN Gen novedoso Lawsonia y Mayo 13, 1999

60/133,986 | sus usos !l
q Estados Umdos de Aménca | {(en blanco) | Gen novedoso Lawsonia y Mayo 13, 1999

sus usos 1

Estados Unidos de Aménca | USSN Gen novedoso Lawsonia y Mayo 13 1999
. 80/133,973 | sus usos IV

Estados Unidos de Aménca | USSN Gen novedoso Lawsonia y Mayo 13, 1999

60/133,989 | sus usos V
P YOPERWROWPDHDNRE ASS-27/9/99
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JUAN PABLO PIEDRAHITA AGUILERA 5
TRADUCTOR E INTERPRETE OFICIAL

C IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA




@/ [0;‘

En espariol, autenticacion de la fima del funcionano del Departamento de Relaciones
Exteriores y de Comercio de Melbourne, Australia No 120/00 de Junio 1, 2000

Pagados el Impuesto de Timbre y Derechos Consulares por US$22 00)

7
Autenticacion por el Ministeno de Relaciones Exteniores Numero 295657 de Julio 11

del 2000, suscnta 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

Santafe de Bogota, Agosto 3 del 2000

A

[ 4
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TO ALL WHOM THESE PRESENTS SHALL COME

I, MARION HEATHCOTE, Notary Public, duly admited 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 onginal document of which it
purports to be a copy, | having carefully collated and compared the said copy
with the said onginal and found the same to agree therewith

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

of May Two thousand .

and
in 8o cartifying mlﬂnrln:-E & -
andorss -
Vake any statament aa ta tha eccuracy of the contants of . Notev Public> ..
Given under my hand and - Sydnev, NewﬁSputh Wales
Fw'gihhhm the soql, of the Departmant of " Australia® »4 ¥
Two ousand::Tcmn 5 !“'!) ‘m’m"" (V'Pt'f

00/167
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ASSIGNMENT

B
The ASSIGNORS (1)  Michael PANACCIO an Australian ciizen
of 122 Hill Road North Balwyn Victona 3104 Australla and

(1) Detlef HASSE an Australian citizen
4 Scullin Court Sunbury Victoria 3429 Australia

AND

The ASSIGNEE STATE OF VICTORIA as represented by ts DEPARTMENT OF
NATURAL RESOURCES AND ENVIRONMENT
of 8 Nicholson Street East Melboumse Victona 3002 Australia

In raspact 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 hsted

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 sad
nventon and any Letters Patent to be obtained therefor;

3 This Assignment Witnesses that, in consideration of ONE DOLLAR ($1 00)
the receipt of which 1S 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 mventions 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 r;o aSsignment sale agreemen?or
encumbrance has bzen 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 sard apphcations
said inventions and sad Letters Patent as may be known and accessible to the
ASSIGNORS, and will testify as to the same in any interference or htigation 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 appllications said inventions and said Letters Patent which
may be necessary or desirable to camy out the purposes hereof at the cost of the
ASSIGNEE or subsequent titleholder

POPER\MROAMPDHDNRE ASS  27/9/99
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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 gy DO v ™ MAMAGUA
Title
u+k
DATED this pAYof OJooe~r 1999
Name Deflef HASSE
Witness ¥}
Name AMkr: "4

Title Sor Jerennir
DATED this __ Fifth DAY of Ochober 1939

For and on behalf of the ASSIGNEE

STATE OF VICTORIA as represented by its

DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENT
by its authonzed officer whose signature

appears opposite hereto . / —e/

N A%
Tle  Aotabive Prcat-
Witness M onar A
Name / A. &UCEKEFFOBD
Tite £/ aneasies Bizschorftincs adasteien
#K
DATED this __ /7 DAY of __ AINAHBEL 1999

POPERVMROVMPDHDNRE.ASS 174/
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SCHEDULE
COUNTRY APPLICATION TITLE DATE FILED
No
United States of Amenca | USSN Novel Lawsonia gene and uses therefor | May 13, 1999
60/134,022
United States of America | USSN Novel L awsonia gene and uses therefor I May 13, 1999
60/133,986
United States of America Novel Lawsonia gene and uses therefor ill May 13, 1999
United States of Amenca | USSN Novel Lawsonia gene and uses therefor IV May 13, 1999
60/133,973
United States of America | USSN Nove! Lawsonia gene and uses therefor V May 13, 1999
60/133,989

POPERAMROAMPDHDNRE.ASS  27/9/9%
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TRADUCCION OFICIAL No 00/168 de un documento escnto en inglés, el cual para

su entificacion se sella con el sello del traductor al tiempo con la presente Esta
traduccién ha sido preparada por Juan Pablo Piedrahta Aguiera, 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 Cesion de derechos, propiedad y participacion sobre fa
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 inglés )

A TODOS A QUIENES ESTOS PRESENTES LLEGAREN
Yo, MARION HEATHCOTE, Notano Publico, debidamente mnscnto y juramentado y
eerciendo en la cudad de Sydney en el Estado de New South Wales de la
Mancomunidad de Australla POR El. PRESENTE CERTIFICO que el documento
adjunto es una copia fotografica auténtica del documento onginal del cual es una
copta del mismo tenor, he cuidadosamente confrontado y comparado dicha copia con
dcho onginal y he encontrado que ia misma concuerda con él
DOY FE Y EN TESTIMONIO DE LO CUAL Yo, el notano mencionado he suscnto mi
nombre y he estampado mi selio Oficial en Sydney, hoy dia Ocho de Mayo del Dos
Mil
(Sello Notanal en Releve)
(Firmado)

Notario Pubhico

TRADUCCION OFICIALNe B0 2 168 1
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Sydney, New South Wales

Austraha

Sello a tinta Yo, Ranu Vatana, funcionanc del Departamento de Relaciones
Extenores y Comercio, Australia, POR EL PRESENTE CERTIFICO que la firma de M
Heathcote, la cual aparece en los documentos antenores/adjuntos/al respaldo del
presente es la firma auténtica de Marion Heathcote, Notano 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 Manon Heathcote Al certificario, mi Yo
n el Departamento avalamos ni hacemos declaracién alguna en relacion con la
exactitud del conterudo del documento

Dado bajo mi firma y selio 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])

ENTRE
Ei CEDENTE ESTADO DE VICTORIA representado por su DEPARTAMENTO DE

RECURSOS NATURALES Y DEL MEDIO AMBIENTE, de 8

Nicholson Street, East Melboume, Victona 3002, Australia,

Y
Los CESIONARIOS
() AGRICULTURE VICTORIA SERVICES PTY LTD de 475
Mickleham Road, Attwood, Victona 3049, Australia, y
{n) PIG RESEARCH AND DEVELOPMENT CORPORATION,
TRADUCCION OFC AL o0 2. 1.6.8 2
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de 3" Floor, Industry House, Brisbane Avenue, Austrahan
Capital Terntory 2600, Australia,
En relacién con las invenciones divuigadas en las solicitudes de patente enumeradas

en el Anexo adjunto al presente

POR CUANTO
1 El CEDENTE es el empleador y el cestonario de los inventores en relacién con

las invenciones descntas en las solicitudes de patentes enumeradas en el Anexo,

2 Los CESIONARIOS desean adquinr participacion en, para y bajo dicha
invencion y cualesquiera Certificados de Patente que de ella se obtengan,

3  Esta Cesion da fe de que, como contraprestacion de UN DOLAR ($1 00),
recibo del cual se reconoce por el presente, el CEDENTE por el presente vende,
cede, transfiere y traspasa a los CESIONARIOS sus derechos exclusivos de
propiedad dominiq, tenencia, posesion, uso, usufructo y goce de dichas invenciones y
cualesquera y todas las Solicitudes de Patente que rewvindiquen el derecho de
prnondad de cualesquiera y todas las Sohcitudes 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 cuaiquier solicitud
divisional, de continuacion, de renovacion, de reexpedicién o sustituto de ellas para la
totalidad de la vigencia o vigencias para las cuales se otorguen las mismas,

4 El CEDENTE por el prasente 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 cesién y venta,

5 E! CEDENTE ademés se compromete a suminisirar a los CESIONARIOS,

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

TRADUCCION OriC AL No OL0.L.1. 5.8 3
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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 ios 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 entregar4 con pronttud a fos
CESIONARIOS o a sus representantes legales cualesquiera y todos los documentos,
nstrumentos o declaraciones juramentadas que se requieran para solicitar, obtener,
mantener y hacer cumphr aquellas solictudes, aquellas mvenciones y aquellos
Certificados de Patente que puedan ser necesanos o deseables para desarroliar los
propositos del presente con cargo a Agnculture Victona Services Pty Ltd o al titular
subsiguiente con sujecion a cualquier Contrato en relacion con ellos entre Agriculture
Victona Services Pty Ltd y el ttular subsiguiente
EN TESTIMONIO DE LO CUAL las partes del presente han aqul suscnto esta
CESION
Por y en nombre del CEDENTE
ESTADO DE VICTORIA representado por su DEPARTAMENTO DE RECURSOS
NATURALES Y DEL MEDIO AMBIENTE
Por su funcionano autonzado cuya firma aparece al frente

(Firmado)

Nombre Bruce Kefford

Cargo Director Ejecutivo Industnas Primanas
Testigo (Fimado)
Nombre P Mackenzie
Cargo RPA

Con fecha hoy 19 de Noviembre de 1999

* mADUCCION OFCALNG 807 168 4
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Pory en nombre de los CESIONARIOS
AGRICULTURE VICTORIA SERVICES PTY LTD
Por su funcionano autorizado cuya firma aparece al frente
Fimad
Nombre MR Bruce Lang
Cargo Secretario de la Compafiia
Testigo (Ewmado)
Nombre Adrian Tnol
Cargo Gerente - Propiedad Intelectual y Contratos
Con fecha hoy 18 de Noviembre de 1999
PIG RESEARCH AND DEVELOPMENT CORPORATION
Por su funcionano autonzado cuya firma aparece al frente
(Fymado)
Nombre Dr Anthony Peacock
Cargo Director Ejecutivo

Pig Research and Development Corporation

Testigo (Fumado)

Nombre Sally O'Bnen

Cargo Asistente Ejecutivo

Con fecha hoy 23 de Noviembre de 1999
P \OPERWRO\DNREAVS ASS-27/9/99
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ANEXO
Pais Solicitud Thulo Fecha de
No Pregentacion
Estados Umdos de Amenca | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/134,022 | sus usos |
Estados Unidos de Aménca | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,986 | sus usos II
Estados Unidos de Amenca | (en blanco) | Gen novedose Lawsonia y Mayo 13, 1989
sus usos 111
Estados Unidos de Aménca | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,973 | sus usos IV
Estados Unidos de Aménca { USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,989 | sus usos V

P \OPERWMRO\DNREAVS ASS-27/9/99

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

Extencres y de Comercio de Melboume, Austraha No 121/00 de Jumo 1, 2000

Pagados el impuesto de Timbre y Derechos Consulares por US$22 00)
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TO ALL WHOM THESE PRESENTS SHALL COME T

F N ]

L)

4T 5, i

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 Austrahla DO HEREBY CERTIFY that the _document
annexed 1s a true photographic copy of the onginal document of chBTE P2
purports to be a copy, | having careftilly collated and‘compared the sald'-copy— — -

with the said onginal and found the same to agree therewith

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

tadl

of May Two thousand = (2
a1l

N

RocU  NATANA  an omcer - :

|
O the of Foreign Affasrs vy
DO HERERY Gl oy Sroign Aflasrs and Trade

=i -

Make any ststoment as to the accuracy of tha contents of - * -

The documant -, go;arh_p:ibhc;‘ . ;‘;l

Given under my hand and the seal of the Depertment of } ydney, hew, sputh Yvales
Aftaurs and Trade this of Y Austraha
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ASSIGNMENT

BETWEEN
The ASSIGNOR STATE OF VICTORIA as represented by ¢s DEPARTMENT OF

NATURAL RESOURCES AND ENVIRONMENT
of 8 Nicholson Street, East Melboume Victona 3002 Austraha

AND

The ASSIGNEES (1) AGRICULTURE VICTORIA SERVICES PTY LTD
of 475 Mickleham Road Aftwood Victona 3049 Australia, and

(v) PIG RESEARCH AND DEVELOPMENT CORPORATION
of  3rd Floor Indusiry House, Bnsbane Avenue Austrahan Capital
Temtory 2600 Australia,

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

WHEREAS
1 The ASSIGNOR s the employer and assignee of inventors in respect of the

inventions descnbed in the patent applications listed in the Schedule

2 The ASSIGNEES are desirous of acquinng 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 1s hereby acknowledged the ASSIGNOR hereby sells assigns

transfers and sets over {o the ASSIGNEES their exclusive nght tile and interest to have
and to hold use exercise and enjoy said inventions and any and all Patent Applications
which claim the benefit of priorty 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 ther
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 testfy as to the same in any interference or libgation related
thereto and will promptly execute and deliver to the ASSIGNEES or ther legal
representative any and all papers, instruments or affidavits required to apply for obtain
mamtamn and enforce said applications, said inventons and said Letters Patent which
may be necessary or desirable to carry out the purposes hereof at the cost of Agnculture
Victona Services Ply Ltd or subsequent tlleholder as subject to any Agreement thereto

PAOFER\MRCADNREAVYS ASS 1780/
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between Agnculture Victoria Services Pty Ltd and sawd subsequent titleholder

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 W =4
Name BRY o ! + FRORD

Z ? Titl e
Witness &/é;_— ° Gl Saadai

Name A trrcpecercs
Title RPA
2L
DATED ths 7 7 DAY of AAYEANEA 1999

For and on hehalf of the ASSIGNEES

AGRICULTURE VICTORIA SERVICES PTY LTD
by its authonzed officer whose signature

appears opposite hereto
Nam MR ZAVCE CANVG
Titt MWV SECRETAR
Witness d" 7
Name v TRIOLC/
Title FOINVAGER - [4TECLLECcn FRMSLTY AvD GITRLSS
patentis /7T DAY of AMOVEMESZ 1999
PIG RESEARCH AND DEVELOPMENT CORPORATION
by its authorized officer whose signature
appears opposite hereto
Name Dr An
Title Executive Director
Wltmsﬁu Pig Research and Development Corporation
Name Olfnn

Title LrecXhve Asyisbut

sod
DATED this /3 DAY of / K“"’ ""’“{6’ , 1999

POPERMRONDNREAVS ASS 277399
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SCHEDULE
COUNTRY APPLICATION TITLE DATE FILED
No

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

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

United States of Amenca Novel Lawsonia gene and uses therefor Il May 13, 1999

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

United States of Amenca | USSN Novel Lawsonia gene and uses therefor V May 13, 1999
60/133,989
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T ALLTO WHOM THESE; PRESENTS, SHAV:, COME

UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office _
"fﬁa‘ "ﬁ%
L -
A May 08, 2000 )}\
% L;f-" Y ; W:‘\
;§| THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 5’
J}{' THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK : ; ‘
8  OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT i
{8l  APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A AN
ek A
A%  FILING DATE UNDER 35 USC 111 et
i o
i i
) i APPLICATION NUMBER 60/134,022 b
i i FILING DATE May I3, 1999 Hletd
1 o
el
i
e
A
T

= By Authonty of the
OMMISSIONER OF PATENTS AND TRADEMARKS

T~ H PHILLIPS

RADUCCION OFICIAL No OY/1S2
JUAN PABLO PIEDRAHITAAGUILERA Certifymg Officer
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COWA




May 03 2000

This 1s 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
60134022 CERTIFIED PAT APP AS FILED EXPEDITE PSF 11

d‘ The enclosed Patent Application as Filed 1s 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 onginal filing date Copies of these
pages/papers may be ordered separately

ﬂf The enclosed document 1s a reproduction of the best available source of the official office record copy of that
document

If you have any questions or need add:tional information please contact our Customer Service Department

Ma:ling 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

For faster processing of new orders please specify as appropriate
Box 9 (Copy Sales) for Uncertified copies or Bax 10 for Certified copies of PTO Documents

Voice (703) 308 9726 Fax (703)308-7048 E Mail PTCS@USPTO GOV or Certdiv@USPTO GOV

Ref HP 244624

TRADUCCION ORCIAL No 027752
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTO E NTERPRETE OFICIAL
C. IDONcIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA
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PROVISIONAL APPLICATION FOR PATENT
COVER SHEET

Case No DAVIE70.001FPRF

/V .
s

ey e
Va

Datc May 13, 1999

Page ]

ASSISTANT COMMISSIONER FOR PATENTS
WASHINGTON, D C. 20231

ATTENTION PROVISIONAL PATENT APPLICATION

Sw

This 15 a request for filmg a PROVISIONAL APPLICATION FOR PATENT under 37 CFR § 1 53(c)

Forr NOVEL LAWSONIA GENE AND USES THEREFOR )X

Name of First Inventor Michacl Panaccio

Residence Address 112 Hill road, North Balwyn, Victonia, 3104, Anstralia

Citizenship Australian

Name of Second Inventor Everett Lec Rosey
Residence Address 457 Route 164 Preston, Connecticut 06365
Citizenship USA

Name of Third Inventor: Detlef Hasse

Residence Address 4 Scullin Court, Sunbury, Victana, 3429, Australia

Citizenship Australian

Name of Fourth Inventor Robert Gerard Ankenbauer

Residence Address. 104 Castle Hill Road, Pawcatuck, Connecticut 06379

Citizenship USA
Enclosed are
(X)  Apphcation m 71 pages with 4 pages of sequence hsting
(X) 1 gheet of drawings

(X) A check m the amount of $150 to cover the filing fes 15 enclosed.

(X) A retum prepad postcard.

PTO

8
4022

/

13
eI

JcB41 y
60

A

0  The Commussioner 18 hereby suthorized to charge any additional fees which may be required, or

credit any overpayment to Account No 11-1410 A duphcate copy of this gheet 18 enclosed.

Was this mvention made by an agency of the United States Government or under a contract with an

agency of the United States Government?

) No
() Yes The name of the US Government agency and the Government contract mumber
are
£NOBPE WMARTENS DLESON & BEAR LLP
S0 NMEWROAT CENMTER DA 1§TH FLOOR NEWPOAT BEACH CA SEdd0
(849 780 0404 FAX (049 740 930z
TRADUCCION OFICIAL No 20/ 32
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PROVISIONAL APPLICATION FOR PATENT 23
COVER SHEET ’
Case No DAVIE70.001PRF
Date May 13 1999
Pagse 2

(X)  Please send comrespondence to
Daniel E Altman

Knobbe, Martens, Olson & Bear, LLP
620 Newport Center Dr  16th Floor
Newport Beach, CA. 92660

Respectfully submutted,

el E Altman
Registrabon No 34,115

EADOCS\DEA\DEA 1179 DOC.ke
051299

TRADUCCION OFICIAL No gisz_

JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E i1 PRETE OFICIAL
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ANJBERE MARTEN3 OLSON & BEAR LLP
GR0 NEWPONT CENTER DR 18TH FLOOR NEWPRORT BRLACH CA S2480
(940) 760 9404 FAX (B4Q) 780 9308
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NOVEL LAWSONIA SPP GENE AND USES THEREFOR |

FIELD OF THE INVENTION

The present invention relates generally to therapeutic composstions for the treatment
andlor prophylaxis of intestinal disease conditions i armmals and birds caused or
exacerbated by Lawsorva intracellulans or similar or othenwise related microorganism
17 varticular the present invention provides a novel gene denwved from Lawsoma
. acellulans which encodes an immunogemc hemolysin peptisz polypeptide or
F ~nh  Tre henolysir polypeptide descnbed herein or a pephde homologue
analogue or derivative thereof 15 particularly useful as an antigen in vaccine
preparation for ronferring humoral immunity against Lawsorma intracellulans and
1w - L4 pathegens in animal hosts The present invention 1s also directed {o methods
i~ he treatment anYor prophytaxs of such intestinal disease conditions and to
d g Yostic agents and procedures for detecting Lawsonia Intracellufans or similar or
otherwisc related microorganisms

GENERAL

Bibiographtc detanls of the publications numerically referred to in this specification are
collected at the end of the descnption Al patents patant applications and
, ' bircations crted heren are incorporated by reference 1n their entirety

2 2ren~2 hereinafter o “Lawsorua infraceliulans” or its abbreviation “L. infraceflulans*
1i~rudas all microorqanisms similar to or otherwise related to this microorganism as
descrnibed by Stills (1991) or Jones et al (1997) or Lawson ef af {(1993) or McOrist et

- o+ -

As uacd herein the wora “tlyA” or the term “#iyA gene shall be taken to refer to the
gene encoding the hemolysin polypephde of the present :nvention it shalt also be
understooa that *he tlorm  TiyA polypeptide” refers to the hemolysin polypeptide of the
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As used heremn the term denved from' shall be taken to indicate that a specified
product in particular a macromolecule such as a peptide polypeptide protein, gene
ar nucleic acid molecule antibody molecule lg fraction or other macromolecule or
a biological sample comprising said macromolecule may be obtained from a particular
sou ce organism bissus organ or cell albeit not necessarily directly from that source

wrganism tissue organ or cell

~ aghcut this spectfication unless the context requires otherwise tne word
cymprse o vanations such as comprises or ‘comprising will be understood to
imply the inclusion of a stated step or element or inleger or group of steps or elements

2% ~o ctthe exclusion of any other step or element or integer or group of

>~ ants or ntegers

Those skilled in the art will appreciate that the inveplion described heremn IS
susceptibla to va 1ations and modifications other than those specrfically descnbed It
1s lo be understood tnat the invention includes all such vanations and medifications
The invention also includes all of the steps teatures composttions and compounds
referred to or indicated in thys specification individuatiy or collectively and any and
all combinations or any two or more of said steps features compositions and

< mpounds

e present invention 1s not to be hmited N scope by the specfic embodiments
deseiibed herenn which are intended for the purposes of exemplification only
Functionally equivaient praducts compositions and methods are clearly withun the

« e nvention as described heramn

BACKGROUND OF THE INVENTION

The mea nriJduming secwor of the agncultural Industry 1s dependant upon the heaith
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of 1te hivestock and there 15 a need to maintam disease-free hvestock for human
consumption The Indusiry 1s Subject to rapid economic downtum in response to
disease condihicns adversely affecting livestock and the quality ot meat products
denved therefrom including those diseases which may potentially be transmitted to
humans It s important therefore to have well defined treatments and prophylactic
and diagnostic procedures available to deal with infections or potential infections in
livestock animals and humans

W a' products denved from porcine and avian species are sigrwiicant commercial
pradazts innc aqnculture ndustry  in parhcular pigs form a major component of the
meat industry However pigs are sensitive to a wide spectrum of intestinal diseases
collechvealy refarend to as porcine proliferative enteropathy (PPE) These diseases
n- e previously been known as intestinal adenomatosis compiex (Barker and van
Dromwel 1985) porane inteshinal adenomatosrs (PIA) necrotic enteritis (Rowland and
Lawson 1976} proliferatve haemorrthagic enteropathy (Love and Love 1977)
regional ledis (Jonss~~ and Martinsson 1976) haemorrhagic bowel syndrome
(C Nall 18970) parcne proliferative entertis and Campylcbacter spp — induced
enterlis {Shaw 1990)

Tk~ e qre two mam forms of PPE  a non-haemorrhagic form reprassnted by intestinal
adenomatosis which frequently causes growth retardation and mild diarrhoea and a
hsamorrhagic form which 1s often fatal represented by prolferative haemorrhagic
en‘eropsathy (PHEL) where the distal small intestine lumen becomes engorged with
b ~ . PPE*a, been reported in a number of anumal specles including pigs {(McOnist
et al/ 1893) hamsters (Stulls 1991) ferrets (Fox ef a/ 1989) gumea pigs (Ebtwsll ot a/

1o “deb ana Fox 1930) as well as avian species (Mason ef a/ 1998)

1nc cadsative orgarism of PPE is a Campylobacter-ike organism referred to herein
as " awsoma mintracellulfans” (McOrnist et al 1995) The organism has alsc bean
prev aslv o el as Va3l symbiont intraceliufans (Stlls 1991} PPE hke diseases

n nigs may aise be caused by other pathogens such as varnous species of
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Canpylobacter (Gebhart ef af 1983)

Lawsoma intraceitufans s an mtracellular possibly obligate intracellular bactenum

It can only be cultured in vitro with tissue culture cells (Jones et alf 1997 Lawson et
al 1993 McOnst et af 1995 Intemnational Patent Application No PCT/US96/09576)

L. wrwraceliuians i1s located in the cytoplasm of the villus cells and intestinal crypt cells
~f mtected animals  Pigs suffenng from PPE are charactensed by wregulanties in the
+ ' 15 celis and intestinal crypt structure with epithehal cell dysptesia wherein crypt
nsee <585 form as the vith and intestinal crypts become branched and filt with
mi.rraalany cells

w by ilcant cost component associated with the pig industry especrally in
terms of stock losses medication costs reduced growth rates of pigs and increased
feea costs PPE also contnbutes to downstream indirect costs in for example
additional labour costs and environmental costs in dealing with antibhotic residue
contdrmiration  and in Lotarol measures to prevent the organism from belng passed on

or carried to other animails or humans

Current control strategies for PPE rely on the use of antibactenals However such a
strategy 15 considered to anly be short to mediurn term especially since governmental
regulatory pressures tend to discourage arwmal husbandry practices which involve the
1=e ~f prophylactic antbiotics There 1s a need therclore to dew op effective safe
and low cost altematives to the use of antibiotics and 1n particular, to develop vaccine
preparations capable of corferring protective immurnty against Lawsora intraceliulans
infection in ivestock animais

i = ~ost effective vaccine preparations are generally compnsed of a highly antigenic
comrponert such as a peptide polypephide protein or other macromoleculie which Is
derived from the pathogenic argarusm against which the vacaine 15 directed wherein
sard anhgenic ccmponent produces little or no contraindications when admerustered
to a susceplibie host arumal and produces little or no antigenic cross-reactivity with

4
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desirible organisms such as non pathogenic organisms that are a part of the normal
flora of the intestina! tract or other tissues of said host arimal In summatry, an
effechive vaccine preparation must be immunogenic specrtfic and safe

Accordingly there 1s a need to identify highly immunogenic antigens produced by the
“actenum Lawsonia intracellulans

Inte-national Patent Application No PCT/AU96/00767 describos several L
nlraceltulans partial genetic sequences and partial polypeptides encoded thereby
However there is a need to further identify polypeptide immunogens produced by the
bactenum ! w*rraliylans and immunogenic peplides denved therefrom including
hose immunogens which are genus- or species-specific for use in improved vaccine
compaositions The presently-descnbed Invention pravides such immunogens

SUMMARY OF THE INVENTION
One aspect of the present invention Is directed to an i1solated or recombmnant
mrunogenic polypeptide which comprises mimics or cross-reacts with a B-cell or T-
cell epitope of Lawsonia spp Preferably the isolated or recombinant immunogenic
aolspeande 15 selected from the group consisting of the following
1)) a peplide ohgopeptide or polypeptide which compnises an amino acid
sequence which has at ieast about 70% sequence dentity overalf to tne amino
acid sequence set forth in SEQ 1D NO 1
) a peptide oligopeptide or polypeptidé which compnses an amino acld
sequence having at least about 50% sequence identity to about amino acid
2~14ues 110 S0Of SEQIDNO 1 or
n'  ahomologue analogue or denvative of (1) or (n) wiich mimics a B-cell
or T-cell epitope of Lawsonra spp

In a preferred em )daiment the polypephide compnses or consists essentally of the
amino sequence of SEQ ID NO 1 or about ammo acids 1 to 50 thereof
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A further aspect of the present invention provides a vaccine composition for the

prophylaxis or treatrnent of infection 1 an animal such as a pig or bird by L
intraceljufans or a similar or otherwise related microorgarusm said vaccine
cocmposihion cornprising an immunologicaily effective amount of an immunogenic
component which comprises an ssolated or recombmnant polypep ide having at least
anout 70% overall sequence identity to the amino acid sequence set forth in SEQ 1D
N. 1 or at least about 50% overall sequence identty to amino ac 4 residues 1 to 50
=* SEQ 1Y NO 1 or an immunogenic homotogue analague or denvative thereof which
15 rmmunalogically cross-reactive with Lawsorna infracellulans and one or more
carners diluents and/or adjuvants swtable for vetennary or pharmaceutical use

| aprefarred embodiment the polypeptide of thae vaccine composition comprises or
cor's sts essanhaliy of the amino acid seguence of SEQ 1D NO 1 or about aminag acids
1 to 50 thereof

A further aspect of the mvention extends to an immunologically interactive molecule
such as an an‘ibody or anhbody fragment whicn 1s capab'e of binding to the
immunogenic polypephde of the invention

A rurther aspect of the invention provides a method of diagnosing infectton of an

w ~af bv Lawsomra ntracefiu/ans or a celated microorganism said n ethod compnsing

ne olaps of contacting a biological sample denved from said ammal wrth an

immunolagically interactive molecule of the present invention for a tme and under

conditons suffizient for a complex such as an antigen antibody complex to form end
=r aetecnng sard complex formation

A further aspect of the present inventlon contemplates a method of determining
whether or not an armal has suffered from a past infection or is currently infected,
by Lawso 1a inracellulans or a related microorganism said method comprising
contacling a tisste or fluild sample such as bload or serum derved from said arumal
with (he wnmunogenic polypeptide of the invention for a time and under conditions
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sufficient ‘or a complex such as sn antigen antibody complex to form and then

detectng said complex formation

£ 1 rther agnecl of the nresent invention provides an 1solated nuclele acid moelecule
w1 zh cocmprnises a sequence of nucleotides that encodes or 1s complementary to a
r c'cic acid malecule that encodes a peptide ohigopeptide or polypeptide selected
from the following
1" a pephde oligopeptide or polypeptde which comprises an amino acid
sequence which has at least about 70% overall sequence identity to the amino
« @4 - cesetforthin SEQIDNO 1
() < peptide oligopeptide or palypeptide which comprises an aming acd
sequence having at least about 50% overall sequence identity to amino acid
residues 1 to 50 ot SEQ ID NO 1 or
() atemeogue analogue or denivative of (1} or {il) which mimics a B-cell
or T-cell epitape of Lawsonra spp

In & orefened embodiment the jsolated nucleic acid molecuie comprises the
~ leotwoe sequencs set Torth in SEQ 1D NO 2 or at least that portion of SEQ 1D NO

2 encod ng amino acid residues 1 to 50 of SEQ 1D NO 1 or a degenerate vanant
r ecf or has at Ieast about 70% sequence identity to all or a p «* theraof

A st | tuitner aspect of the invention provides a diagnostic method of detecting
Lawsona intracellulans or related microgrgamism In a biological sample derived from

1 sabpect said method compnsing the steps of hybridising one or more
n. 7Lclentde or oligonucleotide probes or pnmers denved from the nuclectide
sequenca set forth in SEQ 1D NO 2 or a complementary nucleotide sequence thereof
or a homologue analoque or denvative thereof to said sample and then detecting
said byrnaol ¥ r using a detaction means The detection means according to thus

aspect of the invention Is any nucleic acid-based hybridisation o~ amplification
reacton
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A fu ther aspect of the nvention provides an Isolated probe or pnmer denved from

SEQ ID NO 2 or a complementary nucieolide sequence thereto

2™ EF DESCRIPTION OF THE DRAWINGS

Fijure 1 s a schematic representation comparing the deduced arr w0 acid sequence
' -« el racelluans L int) hemolysin to the amino acid sequences of hemolysin
polypeptides derived from Serpulina (Treponema} hyodysentenae (S hya)
Mwvrobacter m | thar~ulosis (Mtub) Aqurfex aeolicus (A aeo) Borrella burgdorferi
(& bur, Hehcobacter pylon (H pyl) Synechocyshs sp (Synec) and Bacilus subtilis
Yax. (B sub) Gaps have been introduced to optimise the alignment Residues that
are 1dentical in all eight sequences appear In boldface The L intracellulans
hemolysin sequence (SEG ID NO 1) was deduced by translation of the nucleotide
sequence 2f the liyA gene sel forth in SEQ ID NO 2

DETAILED DESCRIPTION OF THE INVENTION

I-  uor eading p to the present invention the mventors sought to idenlfy
~urcjenc proteins of Lawsoma intracellulans for use in vazcines for the

- Jnylaxis and veatment ot PPk in arumals including pigs and birds

Acc. wr3l, one aspect of the present invention s directed to an isolated or
recombmnant mmunogenic polypeptide which comprises, mimics or cross-reacts with

" - 22 opiope of Lawsorna spp

Epitupes of Lawsoma spp may be B cell epltopes or T-cell epitopes it 1s well-known
that antibody-binding sites (B-cell epitopes) involve lnear as well as conformational
epitopes {van Regenmortel 1292) B-cell epitopes are predomnantly confarmational
In contrast T-calls recognize predominantly linear epltope sequences in combination
wrth MHC ctass H motecules

/ s=c se denufication and caretul selection of epitopes of Lawsenia spp faciitates

3Z
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the development of diagnostic reagents and vaccine compositions far the effective
treatment or prophylaxis of Lawsoma infections Epitope identification and
vhar sclenzation (1 e  determmnation of the molecular weight amino acid sequence
= J structure of epitopes of Lawsorna spp ) may be performed using artrecognised
cnuquas For the detection of contormational epitopes degradmg and denaturing
- o epritope molccuie must be avoided in order to conserve the three-dmensional
si"u we because the antigen-antibady reaction will be dimiushed  the secondary
structure of the epitope is altered signiticantly In practice the characterisation and
-~ u <df nON-ontormational epitopes 1s easier because any immunoreactive

= ns are contained within a single peptide fragment or single amino acid sequence

wnich ts capable of bewng purified under a range of canditions

Both non-corformational and conformational eptopes may be identified by virtue of
their abihty 1o bind deteciable amounts of antibodies (such as IgM or IgG) from sera
of animals immurnised agamnst or infected with Lawsonia spp and i particular L
ntracehulans or anisolated polypeptide derived therefrom ar alternatively by virtue
t .F ~ir ability *o bind detectable amountls of antibedies i a purified Ig fraction denved
+ such sere The antibodies may be derived fiom or contained within poois of
»  ‘anal sera or may be monoclonal antibodies  Antibody fragmet s or recombinant
«it Lodics such as tho<e expressed on the susface of a bacteriophage or virus
parucle such as in a phage display Ilbrary may also be emploved

-rtinatior of T-ceit epitopes 15 performed by analysing the ability of the
-~ 1. @ pephides Lo induce the proliferation of peripheral blood lymphocytes or T-cell
clones The identfication of T-cell epitopes 1s accomplishad usmp a vanety of methods
as know in the an includmg the use of whole and fragmented native ar recombinant
antigenic prole r as was as the more commonly employed overlapping peptda”
method In the {atter method overlapping peptides which span the entire sequence of
a polypeptide der ved from Lawsonia spp are synthesized and tested for their capacity
o s'unuilate 1 cenl cytotoxic or proliferative responses m vitro

27
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tructure determination of both conformational non-linear and non-conformational
lnear epitopes may be performed by nuclear magnetic resonance spectroscopy (NMR)
1= X-ray crystaliographic analysis The determination of epalopes using X-ray
le-c 1 ques requires the protein ;antjbody complex to be crystallized whereas NMR
« ¥+ analysis of the complex in a liquid state NMR measures ! » amount of amino
a~ic= as wall as the neighbourhicod of protons of different amino acid residues,
whelrerr the atdernating effect of two prolons aiong the carbon backbone s
characteristic of a particular epilope

~ .uccessiul method to recognize non-conformational linear emitopes s the
immunob'at and in particular the Western blot Paptides may be generated from a
complete [ awsoma spp polypeplide by digeshon with site-specific proteases such
as trypsin o1 chymotrypsin and the peptdes generated thereby can be separated
using standard electrophoretic or chromatographic procedures For example, aftor
electrophoresrs according to molecular weight using SDS/PAGE (SDS/polyacrylamide
ce  ewectreohoresis) and/or according to soelectric point usirg IEF (isaelectric
~.gsmg) er alternatively by two-dimensional electrophoresis, the peptides can be
=“prrad to iImmobilizing nylon oF nitrocellulose membranes and incubated with serg
-~ anstthe intact polypeptides Peptides that compnse iImmunogen:c ragions
(te cel or T-cell epriopes) are bound by the antibadies in the sera and the bound
antibodles may be detected using secondary antlbodies such as anti-igG antibodles
that ha a = +ne labellad radioaclively or enzymatically The epiopes may then be
<haractansed by purification based upon their size charge or ability to bind
specifically 10 antibodies against the intact polypeptide using one or more
techmques such as size-exclusion chromatography ton-exchange chromatography
affinity chromatography or ELISA amongst others After purfication of the epitope only
cone band or spol shauld be detectable with gel electrophoresis The N-terminal or total
sequencing of the peptide offers the possibility to compare the peptide with known
arowns in databases

>tverdl computer-driven algonithms have now been devised to search for T-cell
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epitopes in proteins {(Margalit of 3/ 1987 Vajda and C Delisi 1990 Altluvia el a/
1005 Parker ef af 1924 De Groot ef a/ 1995 Gabnel eta/ 1995 Meister etal 1995)
“Z'ese algorithms search the amino acid sequence of a given proten for
~ - acterlstics believed tc be common to smmunogéenic peplides locating regtons that
=ra higaly to Induce a eallular mmune response r;: vifro Computer-drniven algonthms
@™ 11~nify rogons or a Lawscnia spp  polypeptide that contain epitopes and are less
variable among different i1solates. Alternatively computer-driven algorthms can rapidly

i -t »  gauh volate s more variable proteins that should be included in a
Mu Jvaent vaccine

The AMPHI alganthm (Margalit et a/ 1987) which 1s based on the penodicity of T cell
epitopes has been widely used for the predichon ot T-cell antigenic sites from
sequence formation alone Essentally AMPH| descnbes a common structural
pattem of MHC binding motfs since MHC binding motfs (i e patterns of amino acids
that appear to be common to most of the peptides that bind to a specific MHC
n - wuie} appear to exnibit the same periodiclty as an atpha helix. Identfication of T-
~21! epitopes by locating MHC binding motifs in an amino acid sequence provides an
-1 tive means ot identily\ng immunogenic epitopes ih diagnosti- assays

« —pivier agonithm (Meister et a/ 1995 Gabnel et al 1995 De Groot ot a/  1995)
locates clustered MHC binding motifs an amino acid sequences of proteins based
« ¢ &labon between MHC binding motf-dense regions and peptides that may

"a 2 the capactty to bind to a vanety of MHC molecules (prormiscuous or
mulli-determinant binders) and to sumulate d@n immune response in these vanous MHC
contexts as well (promscuous or multi-determinant epitopes) The EpiMer algonthm
uses a hbrary of MHC binding motfs for multiple class | and class il HLA alleles to
predict antigenic sites within a protein that have the potential to induce an immune
response in subjects with a vanety of genetic backgrouncs EpiMer locatas matehes
113 @ach MHC hinding motif within the primary sequence of a given proten antigen The
now v gensity of these mouf matches 1s determined along the length of the antigen,
ithng in the generation of a motif-density histogram Finally the algonthm dentifies
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nro‘ewn regions m this histogram with a motf match density above an algonthm-defined
+ toH gensity value and produces a list of subsequences representing these

lerad or inolif-rich regions The regions selected by EpiMer may be more hkely
~ o~ 18 nu'ti-determmant binding peptides than randomly chosen peptides from the

~ same anugen due to thes concentration of MHC-binding motd matches The selection

of regions that are MHC binding motif-dense increases the likelihoad that the predicted
Pt A~ ~ - L a vald mohit and furthermore that the reiteration of identical motifs
mav contribute to peptide binding

10 Adaitional MHC binding motif-based algonthms have been described by Parker el

20

25

al (1994) and A'uvia et 3/ (1995) In these algonthms binding 10 2 given MHC
molecule 15 predictad by a linear function of the residues at each position, based an
empmncally defined parameters and in the case of the Altuvia ef &/ (1995) algonthm

known crystallographic structures may also be taken into consideration

-« omoinant methods oifer the opportunity to obtain well charactenzed epitopes of

-~ =k punty for the oroduction of diagnostic reagents and epitore-specific vaccine

W1 ons (Mohapatra af af 1995) Based upan the amino acid sequence of a linear

o, tope anc denufication of the corresponding nucleotide sequence encoding same

polymerase chain reaction {PCR) may be performed o ampify the epitope-encoding

1 om clDNA After cloning and expression 1n a switable vector/host system &

+ ,= amcunt of epriopas of high punty can be exdracled Accordingly, the present

inventton clearly extends to both isolated non-recombinant polypeptides and
recombinant polypeptides i~ an impure or isolated form

The lerm polypeptide as used herein shall be taken to refer to any polymer
consisting of amino acids lnked by covalent bonds and includes within its scope full-
length proteins and pats or fragments thereof such as for example, ohgopeptides and
vt nephde sequences consisting of at least about 5 amino acid residues prefarably

1 sl about 10 ar ino acid residues more preferably at least about 12 amino acid

~~ ! =, and even more preferably at least about 15 amino a .d residues Also



th

10

15

20

25

$IEF A A3LAGON I 1Y 7

-13-

included withun the stope of the definition of a "polypeptide"” are amino acid sequence
va~ants, contairing one or more preferably conservative amine acid substitutions,
de shons or insertions which do not alter at least one essenti~ property of said
rs ~ootide such as for example its iImmunogenicity use as a diagnostic reagent or
eflecliveness as> a pepude vaccine agamst Lawsoma spp amongst others
Accordingly a polypeptide may be isolated from a source n nature or chemically

~we ' Furthermore a polypeplide may be derived from a full-length protein by
ch2~ucal or enzymatic cleavage using reagents such as CNBr trypsin or
chymotrypsin amongst others

Conservative amino acio substitutions are well-known in the art For example one or
more amino acid residues of a native hemolysin polypaptide of the invention ¢an be
substituted conservatively with an amino acld residue of stmilar charge size or
polanty with the resulting polypephide retaining an ability to function in a vaccine or
3s a diagnoshc reagent as described herein Rules for making such substitutions
rr Jde those descnbed by Dayhof (1978) More specfically conservative ammo acid
ot =+ahions are those that generally take place within a family of ar\ no acids that are
-z 34 her side chains Genetcally-encoded amino acids are generally divided
into four groups (1) acidic=aspartate giutamate (2) basc=lysine arginine and
histidine () ron polar=alanine valine leucine isoleucine proline phenylalanine
r amenine and tryptophan and (4) uncharged polar= glycine asparagine, glutammne

Jystrne senne threonine and tyrosine Phenylalanine tyrosine and tryptophan are
alsa jointly classified as aromatc aminc acids One or more replacements within any
particular group such as for example the subshtution of leucine for isoleucine or
valine or alternatively the substtution of aspartate for giutamate or threonine for
serine or of any other amino acid residue with a structurally-refated amino acid
restdue will generally have an msignificant effect on the function of the resulting
no'yr ephde

“ 2 nresent invention 1s not mited by the source of the subjert nnmunogen and

~ o Ua > »C'a =d and recombinant polypeptides which are dernved from a

5/

\36
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~z'.ral or a non natural occurnng source
~-~ or~ rccombinant oolypeptide as used heremn shall be taken {o refer to a
nnka~ spurds whict |5 proauced i vitro or in a host cell by the expression of a genetic
sequence encoding said polypeptide which genetic sequence 1s under the control of
- v <! M re n a geretic manupulation has been performed 1n o-der to
ac' 1 e sad expression Accordingly the term "recombinant poiypeptide clearly
encompasses polypephdes produced by the expression of genatic sequences
contained In viral vectors plasmids or cospids that have been introduced into
prokaryotic Jr eukaryotic cells tissues or organs Genehc manpulations which may
be used in thus context will be known to those skilled in the art and include but are not
limited to nucleic acid i1solation restriction endonuclease digestion exonuciease
digestion end-filling using the Klenow fragment of £ colrf DNA polymerase | or T4
1w~ polyme-ase enzymes blunt-ending of DNA molecules using T4 DNA polymerase
» Fxoll enzymes site-directed mutagenesis hgation and amplification reactrons As
ha krown to those skilled in the an addivenal techniques suw-h as nucleic acd

¢ =atons and nucleotide sequence analysis may also be utihsed in the

ETI ) w ~ecomomant polypeptides n confirming the identily of a nucieic acid
molecule encoding a desired recombinant polypeptide and a genetic construct

e haclet acid molecule

Where i the polyoephde of the present invention i1s a recombinant polypeplide 1t may
be produced in and i desirable, 1solated from a recombinant viral vector or host cef
express 1 sys'am As will be known to those skillad in the relevant art a cell for
production of a recombinant polypeptide i1s selecled on the basis of several
parameters including the genetic constructs used to express the polypeptide under
considarahion as well as the stabiity and activity of said polypeptide It will also be
' - o o3) those skited in the art that the stability or activity ol a recombinant
- vacptide may be determired at least in part by post transiationat modifications to
vpephde such as far example glycosylation acylaton or a rylation reactions,

1 - t -rs ahch may vary between cell hnes used fo produce the recombinant
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~ lypeptide

s~ryrdingly n a2 more parhcularly prefemred embodiment the present invention
extends o a recombinant polypeptide or a denvative homgclogue or analogue thereof
as present in 2 wn s rarti~le or as produced in prokaryotic or eukaryotic host cell or

- Tus o cefl cullure thereof

The prasent invention also extends to a recombinant polypeptide according to any of
the foregoing embodiments which s produced in a bacterial cell belonging to the

genus Lawsonie In pditicular a cell of L intracelfulans 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 abou 20% by welght of
rrot2mn preicrably to at least about 50% by weight of protein more preferably to at
~ = annut 60% ty « ewght of protein still more preferably to at least abcut 70% by
+ =~ = praten and even mere preferably 1o at least about 80% Ly weight of protemn
r e X-] ~r ste matural source or 1n the cass of non-naturally-cccurmng
polypeptides from the culture medwumn ar cellular envronment w1 which 1t was
arad snd © 4l n may be performed to mprove the immunogemcity of the
pc peptide of the present invention or to improve the speclficity of the immune
respcnse against that polypeptide or to remove toxic or undesirable contaminants
theref-om The necessary or required degree of punty of an solated polypeptida wiil
vary depending upan the purpose for which the polypeptide 1s iIntended and for many
apphicatiens 1t will be sufficient for the polypeptide preparation to contain no
contaminants which would reduce the immuncgenicity of the polypephde when
admiristered to a Fost ammal 1n partcular a porcine or avian animal being immunized
5~ nst PPF or alternatively which would intybit immuno-specafic binding in an
~uLaysdy for the diagnosis of PPE or a causative agent thei eof
* =gt v 2 an =0lated polypepliide of tha present invention may be determined by
: e tose skilled in the art including the degree of homogenedty of
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+ croten preparation as assessed by SDS/polyacrylamide gel electropharasis 2-
<5 onal electrophoresis or amino acld composiion analysis or sequence

NUE L

;1 elypeplide or the present mvention wilf be substantially homogeneous
~ hstantizlly free of nonspecific proteins as assessed by SDS/polyacrylamide gel
electrophoresis 2-dimensional efectrophoresis or amino acid composition analysis

or sequence analysis

The polypeptde of the present invention can be purified for use as a component of a
vaccine compositiion by any one or a combination of methods known to those of
ordinary skill in the art including for example reverse phase chromatography HPLG

on exchange chromatography and affinity chromatography amcng others

+ « prcforred embodiment the isolated or recombinant polypept e of the inventon
~»€3365 hemolvsin actvity or is denved from a polypeptide which passesses
\i—alys n activi y such as for example L sniraceliufans hemolysin or alternatively
rs immunclogically cross reactive with the L intracofiu’ans hemolysm polypeptide of
“/e~tion as determined by standard immunoassay such as RIA or ELISA

- Jrgstohers

As used herein the lerm hemolysin activity’ shall be taken to mean hemolysin
enzyme actvity as determined by any means known to those skilad In the art such as
for example by the lysis of red blood cells as descnbed by Basaraba et a/ (1598)

In a further preferred embodiment the Isolated or recombinant polypeptida of the

nvention is derived from Lawsomia spp and more preferably the subject poiypeptide
1~rved from | AWSONia intraceliulans

“ + « | g ‘o= of a polypeptide or a derivative homologue or analogue
thereof may comprise any combination of the following

39
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{ the pnmary amino acid sequence of said region kr.wn inthe artas a

LOntnuods nen-conformational epitope

(n) the secondary structure which a hemolysin polypeptide adopts known
n e 2t 55 A continuous conformational epriope

)} the tertiary structure which a hemolys:n polypeptide adopts in contact
with another region of the same polypeptide moilecule known in the arl
as a discontinuous conformational epitope or

(v) the quaternary structure which a hemaolysin polypeptide adopts in
contact with a region of another polypeptide molecule known in the art
as a discontinuous conformational epitope

Accordingly tmmunogenic polypeptides of denvatives homologues or analogues
nerect compnsing the same, or substanhally the same primary amino ecid sequence
ar heremnafter defined as immunogens which compnse a B cell or T celi epitope  or

~ 1ol tlerm

Immunogenic polypeptides or dernvatives homologues or analogues thereof

- 413z e pHiniary amino acid sequences may comprise immunologically
1= = mmunogens because they possess conformational B cell or T cell apitopes
that are recognised by the immune system of a host species to be identical Such
mmunogenic polypeptides or denvatives homologues or analogues thereof are
herenafter denned as 1mmunogens which mimic or cross-react with a B cell or T cell
epitope or similar term

Accordingly the present invention extends te an immunogen which compnses mimics
or Cross-reacts with 8 B-cell or T-cell opitope of an isolated or recombinant
o~lypeptide according to any one of the foregoing embodiments or a dernivative
~luoue or analogus thereof In a particularly preferred embo: ment, the present
Ve grovides an mmynogen which comprnises muimics or crass-feacts with a B-
cell or 1-celt epitope of an solated or recombmant poly peptide which in its native form
Is obtainable from a species of Lawsonid such as but not hmited to L intraceliuians

20/ 713
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+ 1 ahuen polypephide preferably possesses hemolysin activity

To tmprove the immunogenicity of a subject polypeptide of the present nvention one

- 1 o 435 NOt comesponding to the original proten sequence can be added
0 tna amino or carboxyl terminus of the polypeptide Such extra amino acids are
useful for couphing the polypeptide to another pephide or polypepude to a large carner
protem or to a sohd support  Amino acids that are useful for these purposes include
but are not imited to wyrosine lysine glutamic acid aspartic acd cysteine and
denvatives thereof Additional protein modification techniques can be used such as
e g NH, acetylabon or COOH-terminal amidation to provide additonal means for
couphng the polypeptide to another polypeptide protein or peptide molecule orto a
solid support Procedures for couphng polypeptides to each other or to carrler
croteins or sohd supports are weli known in the art Polypeptides cortaining the
ar-rve-mentioned extra ammo acid residues at aither the carboxy'- or amino-termim
40 e ther uncoupled or coupled to a camier or solid support are consequently within

"i. awpe O tne present invention

t tri> polypeptide can be immobilised o a polymenc carrier or support

in an attermnative embadiment the immunogenicity of a polypeptide of the present
Invantion may be improved using molecular biology techniques to produce a fusion
protein containing one or more polypephdes of the prasent invention fused to a carrter
molecules such as a highly immunogenic protein For example a fusion protein
containing a polypeptide of the present Invantion fused to the highty immunogenic B
subuntt of cholera toxin can be used to increase the immune response to the
r lypeptide The proscnt invention also contemplatas fusion protens compnsing a

hine such as an interleukin fused to the sublect polypep de of the present

n a ¢ 1 sadagene: encoding same

Preferably the s¢lypaptide of the present invention or 4 derivative homologue or
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analoguea thereof wnen administered to a mammmal induces an iImmune responsa in
said mammal More preferably the polypeptide of the present invention when
amipistc &4 t2 2 rammal in particular a porcine anmmal (e g a pig) mduces a

s rbve smmune response agamnst Lawsoma spp and preferably agawnst L
intraceliulens therein As used herein the phrase mduction of a protective iImmune
response , and the like refers to the ability of the administered polypephde of the
present invention to prevent or detectably slow the onsel development or progression
of symptoms associated with Lawsonia infection and preferably to prevent or
detectably siow the cnset development or progression of symptoms associated with
PPE in pigs

Prefarably the immunogenic polypeptide of the tnvention comprises an amino acd
sequence which 1S substantially the same as the amino acid sequence set forth in SEQ
I 32 oris at least about 70% dentical overall to SEQ ID NO 1 or s at least about
7 " denucsl tu at least about 8 or more contiguous amino acids of SEQ 1D NO 1
In a preferred embodiment the immunogernc polypeptide of the present invention

« =+~ @nual, ot the amino acid sequence of SEQ D NO 1 or the amino aad
~ paice encoded by the hemolysin-encoding nuclectide sequence present in
pALK12 (ATCC 207195) or about the first fiity amino acids thereof

For the purposes ot nomenclature the amino acid sequence set forth in SEQ ID NO
1 represents the nemolysin polypephde encoded by the Lawsonsa intracellulans tlyA
gene the nucleotide sequence of which 1s set forth in SEQ ID NO 2

Preferably the percentage amina acid sequence identity to SEQ iD NO 1 ts at least
c~out B0% more proferably at least about 85% even more preferably at laast about
¢~y and slill even more preferably at least about 95% similertc SEQ IDNO 1

in determining whether or not two amino acid sequencas fall within these percentage
himits those skilled 1 .he art will be aware that it is necessary 1o conduct a side-by-
Dy ansan of mulbple alignment of sequences In such comparisons or
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ahgnments differences will anse in tha postioning of non-dentical residues
depending upon the algonthm used to perform lhe alignment  In the present context,

e O3 pe tentage sequence identity or similanty between two or more amino
~C' ~aquences shall be taken to refer to the number of dentical and sumilar residues
respectively between said sequences as determined usmng any standard algorithm
known to those skilled in the art  For example, amino acid sequence dentities or
similarities ray be calculated using the GAP programme of the Computer Genetics
Group Inc University Research Park, Madison, Wisconsin United States of America
(Devereaux ef al 1984) The GAF programme utilizes the algorithm of Needieman
and Wunsch (1970) to maximise the number of identical/simidar residues and to
miimise the numbor and/or length of sequence gaps in the alignment  Aternatively
o ' additon where more than two amino acid sequences are being compared the
Cl :stalW programme of Thompson et a/ (19594) can be used

The present invention further encompasses homologues analogues and derivatives

of & nnlun~nd rle com=~roing the amino acid sequence set forth In SEQ ID NO 1

H.mologues of a pulypeplide are thase polypeptides which contain ammo acid
substiutions deletions and/or additions relative to the polypephde without altering one
or more of its properi 85 such as its mmunogenicity Diological activity or catalytic
achwity In such molecules amuno acids ¢an be replaced by other amino acids having
similar properties such as for example hydrophobicity hydrophllicity, hydrophobic
moment anhgericity propensity to form or break a-hehcal structures or B-sheet

strucwires and soon

Substitutional vanants are those in which at least one residue n the sequence has
n- r rampoved and a differant residue inserted inits place Amino acid substitubhons
are « oicoMy of smgle residues but may be clustered depending upon functional
constraints placed upon the polypeptide insertions w.dl usually be of the order of about

a¢ . -eswjues and deletions wili range from about 1-20 residues

¢ _raby arnno acd substitutions will compnss conservative amino acd
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substitutions such as those described supra

in eruonal anano acid sequence varianis are those in which one or more amino acid
residues are mtroduced into a predetermined site n the protein Insertions can
cormpnse dimino- terminal and/or carboxyl terminal fusions as well as intra-sequence
inserthons of single or muitipie amino acids Generally inseriions within the amino
acid sequence will be smaller than amino or carboxyl terminal fusions of the order of
about 1 to 4 residues

Deletional vanants are charactensed by the removal of one or more amino acids from
the sequence

Amino acia vanants of the polypeptide of the present invention may readily be made
usiny peptide synthetic techniques well known n the art such as soiid phase peaptide
synthesis and the ke or by recombmant DNA manipuiations The manipulation of

=was o produce vanant protelns which manifest as substitutional,
~_&r onal or de'etional vanants are well known in the art For exampie techniques
‘or making substtution mutations al predetermmned sites in DNA having known
sequence are well known (o those skilled in the art such as by M13 mutagenesis or
other site-arrected mu.agenesis protocol

Analogues are defined as pephdes, oligopeptides and polypeptides which are
functionally equivalent to the peptides of the present nvention but which contain
~ertain non naturally occurring or modfied amino acid residues as will be known to
incse skilled in the art Accordingly, an “analogue’ as defined herein need not
~ompr se an amino acid sequence which 1s similar to the anune azd sequence set
fart herein such as for example peptides ohigopeptides and polypeptides which are
denved from computational predicions or empincal data revealing the secondary
terttary or auaterary strurture of the hemolysin polypeptide of the present invention
s ~eir 1 therefore do not compnse the same pnmary amino acid sequence of said
nee nlysin polypeptide yet nevertheless mimic or cross react with B-cell or T-cell

- ¢4/ "9 ”
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epitope of | » soma spr and preferably mimic or cross-react with B-cell or T-cell
~1. lope uf Lawsomia intraceflulans

lor example mimotopes {(polypeptide analogues that cross-react with a 8-cell or T-cegll
epilope of the Lawsomna polypeptide of the invention but, however comprise a different
amino acid sequenca to said epitope) may be dentified by screening random amino
acid sequences in peptide ibranes with antibodies that bind to a desired T-cefl or B-
cell epitope As with techniques for the identification of B-cell or T-cell epitopes as
de cmbed supra the antibodies used to dentify such mirnotopes may be polycional
or menoclonal or recombinant antibodies in crude or punified form Mimotopes of a T-
= I ~pitope may then be assayed further for thewr abllity to sumulate T-cell cytotoxic
or p oleralive responses in vifro Mimotopes are particularly useful as analogues of
no~- n2a { 2 confoimational) epitopes of the polypeptide of the present invention
because conformational epitopes are generally formed from non-conttiguous regions

¢« < 4118 rumotopes provide immunogenic equivaients thereof In the
v o a single paphide molecule

Additionally the use of polypeptide analogues can result in polypeptides with
nereased immunogenic ang/or antigenic activity that are less sensitive to enzymatic
degradation and which are more seiective A suitable proline analogue is 2-
aminocyclopentane carboxyllc acid (BAC*c) which has been shown to Increase the
immuncgunic activity of a native polypeptide mare than 20 umes (Mierke st a/, 1990
Portoghess ef a/ 1990 Goodman et a/ 1987)

Dervatives of a polypephide descnbed heresn are those peptides  ligopeptides and
polyneptides which comprise at least about five contiguous amino acid residues of the
amino acid sequence set forth In SEQ ID NO 1 A “denivative” may further comprise
addiional naturallv-occurnng altered glycosylated acylated or non-nsturally occurnng

- 34 “caidues compared to tha amino acid sequence set forth in SEQ ID NO
Aternauvely of in addilon a danvative may compnse one or more non-amino acid
substiuents such as for example a reporter molecule or other ligand covalently or

25
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- a-ntly bound to the amino acid sequence such as for exampls a raporter
1 J1.cule which 1s bound therelo to faciltate its detection

Other examples of recombinant or synthetic mutants and denvatives of the peptide
immunogens of «ne present invention include those incorporating single or multiple
substitutions delctions and/or additions theremn, such as carbohydrates lipids and/or
proteins or polypepbdes Naturally occumng or altered glycosylated or acylated forms
of the subject peptides are particularly contemplated by the present invention
Additionalty homopolymers or hetercpolymers compnsing one or more copies of the
suhject peptide hsted in SEQ ID NO 1 or one or more denvatves horno‘ogues or
a .loguas herenf are within the scope of the nvention

Preferably homologues analogues and denvatives of the polypeptide of the invention
are mm ~~qere defined hereinafter as the ability of sad polypeptide or a
de wva'ive “omologue or analogue thereof to elicit B cell and/or T cell responses in
e nost In response to smmunization

Preferred homologues analogues and derivatives of the amino acid sequence set
forth in SEQ ID NO 1 include those amino acid vanants that functionasBcellor T
cejl epitopes of saild aming acid sequence which are capable of mediating an immune
response such as for example mimotopes of the mmunogenic polypeptide described
heren which have been produced by synthetic means such as ty Fmoc chemistry
[ he only requirement of such molecules 1s that they cross-react immunologically with
a polypeptide which compnses the amino acid sequence set forth in SEQ ID NO 1
or he first 50 amino aad residues thereof or a denvative thereof which compnses at
least » conuguous ammo dcids i length of SEQ 1D NO 1

aupsrent to those skilled in the art, such homologues analogues and
“r  ahives of the polypeptide of the invention molecules will be useful o prepare
anhbodies that crass-react with anhibadies against said polypaptide and/or to elicit a8
protective immune response of similar specificity to that elicited by said polypepude

Y
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& .tn moleculas will also be useful In diagnostic and other applications that are

+mrunological in nature such as for example diagnostics which utilise one or more
immunoassay formats (eg ELISA RIA and the like)

Accordingly the immunogen of the present invention or a denvative homologue or
analogue thereof is useful in vaccine compositions that protect an individual against
wifection by L snfraceliulans and/or as an antigen to ehcit polyclonal or monocional
antibody production and/or in the detection of anttbadies aganst L intracellulans 10
ntected animals parucularly in porcine and aviah arumals

hic n asent inventors have alsc shown that the N-terrminal region of SEQ 1D NO 1
> La Licularly unique as compared to other iImmunogenic amino acd sequences
ncluding those of the hemolysin molecules of other animal pathogens Accordingly

- =5 wwopephtides and polypeplides which compnse such unique eprtope regions
~t SFEQ ID NO 1 will have improved specificity compared to other regions of the
Lawsoma spp hemolysin molecule The particular advantages of such peptides will
be immediately apparent to those skilled in the production of vaccine compositions
where specificily against a pathogen of interest 1s an important consideration

In particular the present inventors have shown that amino acids 1 to 50 of the L.
tntraceliuians hemolysin polypeptide as set forth in SEQ D NO 1 1s not highty
coriserved compared to the corresponding regton of other hemoiysmn poiypeptides
being only about 50% 1dentical to the amino acid sequences in the N-terminal region
of the Mycobactenum tuberculosss and Serpula hyodyseseriae hemolysin
oolypeplides Accordingly this region of the L intraceliulans hemolysin polypeptide
15 8 promising antigenc peptide for the formulation of Lawsoma-specific vaccines and
diagnostics for the specific detection of Lawsoma spp 1n biological samples

Ac.urdingly In an alternative embodiment the present invention provides an isolated
or recombinant immunogenic polypeptide or a dernivative homologue or analogue

thereof which comprises mumics or cross-reacts with a B-csll or T-cell eptope of a

V4
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Lawsona sop wherein said polypeptide comprises a sequence of amino acids which
has at leas. about 50% sequerice identily to about ammo acid residue 1 to about
amino acid residue £0 of the L infracellularis hemoiysin polypeptide as set forth in
SEQ D NO 1 Preteraply the percentage sequence identity to amino acids 1 to 50
of SEQ ID NO 1 s at least about 60%, more preferably at least abaut 70% even
mare preferably at least about 80% and stifl even more preferably at least about 80%
In 2 partcularly prefarred embodiment the subject polypeptide will compnse a
sequence of amino acids from about amino acid 1 to about amino acid 50 of SEQ ID
HO 1

A se ond apect of the present invention provides a vaccine compositton for the
prophylaxis or treatment of irfechon in a mammal or bird by L intracellulans or similar
et - + dmicrcorganism said vaceine composihion comprising an effective
an  unt of an immunogenic component which comprises an 1solated or recombinant
p-1y ~eptice having st least about 70% sequence dentity overall to the ammno acid
sequence sel forth in SEQ 1D NO 1 or at least about 50% sequence 1dentrty overall
to about ariro a- 4 rewrue 1 to about ammo acud residue 50 of SEQ ID NO 1, or an
immunogeruc harnologue analogue or derivative tharacf which 1s immunologically
cross-reaclive with Lawsania intraceffulans and one or more carners dliuents or

adiuvants suitable for veterinary or pharmacsutical use

As used herein the term ''mmunogenic component refers to a peptide polypeptide
4 praotein encaded by DNA from, or denved from L iniracell Jans or a related
rricroorgamem thareto which 1s capable of inducing a protective immune responge In
Jan arumar in particular a porcine or avian ammal whether or not sald peptide
polypeptide or protein 1s 1n an isolated or recombinant form Accordingly tho vaccine
v Ciearty encompasses those vaccine compositions which compnse

La ed killed or non-pathogenic isolates or forms of L Infraceflufans or related

m ranrgasrs thercto which comprise or express sad pephide, polypeptide or

prolen

{\/l=za 5 ﬁ
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By protect ve mmune response” is meant that the iImmunogenic component elicits an
mmune response In the animal te which the vaccine composition I1s administered at
the humoral and/ar celluiar level which is suffizient to prevent infection by Lawsoma
intracellulans ar a related microorganism thereto and/or which 15 sufficient to
detectably reduce one or more symptoms or conditions or to detectably slow the onset
of one or more symptoms or conditions, assocrated with infection by Lawsonia
irtracel/uians or a related microorganism thereta 1n an arirnal host as comparad to a
contral infected animal The term effective amount” of an immunogenic component
prasent in the vaccine composition refers o that amount of said immunogenic
~rmyorent that is capable of inducing a protective tmmune response after a single
comglete dose has been administered or after several divided doses have been

administered

rafyabny the polypeptide component of the subject vaccine composition comprises
an amino acid sequance which 1s both immunogenic and specific by vitue of lts
immunological cross-reachvity with the causative agent of PPE Lawsona
intracellulars |Ir this regard it will be apparent from the preceding description that
such polypeptide components may comprise an amino acid sequence derived from
SEQ ID NO 1 or 2 homologue analogue or denvative of the amino acid sequence set
forth in SEQ ID NO 1 such as for example a mimotope of said sequence

The immunogenic polypeptide or immunogenic homologue analogue or dernvative
may be a naturally-accurnng peptide cligapeptide or polypeptide n isclated or
rocombinant form according to any of the embodiments descnbed supra or exemplified
herein Preferably the immunogenic polypeptida or immunogenic homologue
analooue or denvative is denved from Lawsorva spp 1in particular L intracellylans or
a microargarusm that 1s related therato

Preterably tne immunogenic componant has undergone at least one purification step
or at leas! partiai concentration from a cell culture compnsing L intracellulans or a
related microorganism thereto or from a lysed preparatton of L. intraceliulans cells or

7
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related microorgarusm or from another culture in which the iImmunogenic component
1s recombinantly expressed The purnity of such a component which has the requisite
immunogenic propecties s prefarably at least about 20% by weight of protein in a
paricular preparation, more preferably at least about 50% even more preferably at
least about 60% still more preferably at least about 70% and even more preferably
at least about 80% or greater

T @ mmunogenic component of the vaccine of the present invention can comprisc a

g c pephde polypeptide or protein or a range or combination of different peptides
pciyneptides or protains coverng different or slmitar epitopes In additton or
aliematively a sngle polypeptide can ba provided with mufipie epilopes The latter
veme £ - L o s referred ‘o as a polyvalent vacone A multiple epitope Includes two
o more 2pitopes located within a paeptide or polypeptide molecula

The farmulation of vaccines s generally known in the art and reference can
conveniently be made lo Remington's Pharmaceutical Sciences 17th ed, Mack
Publishing Co Easlon Pennsylvama USA

A particularly useful formy of the vaccine 1s a recombinant vaccine produced for
example in a vaccine vector such as but not imited to a cell ransfected with a

'Aaccinia virus vector or a bacterial call capable of expressing the immunogenic
cornponent

The present invention clearly extends to recombinant vaccine compositions in which
the immunogenic component at least 1s contained within killed vacane veclors

#n = for oxample by heat, formaln or other chemical treatment, electric shock
- st of low pressucc forces According o this embodiment the immunogenic
component of the vaccine 1s generally synthesized in a live vaceine vector which 1s
k fied prior to administration to an animal

Furthermore the vaccine vector expressing the immunogenic component may be non-

307 19
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pathogenic or atienuated Within the scope of this embodiment are cells that have
been transtected with non-pathogenic or attenuated wiruses encoding the
immunagenic component of the vaccine and non-pathogenic or attenuated calis that
directly express the immunogenic component

Atlenuated or non-pathogenic host cells include those cells whicn are not harmful to
an animal to which the subject vaccine 1s adminustered As will be known to those
sk lled In the art  live vaccines can compnse an attenuated virus ve¢lor encoding the
r nmunogeriic component or a host cell compnsing same which 1s capable of
replicating «n an arumal to which it 1s administered and using host cell machinery to
express the /mmunogenic component albeit producing no adverse side-effects

- = duth saccine vectors may colonise the gut or olher organ of the vaccinated
arurral Such live vaccine vectors are efficacious by virtue of their ability to continuaily
orprase he immunogen.c component in the host amimal for a tme and at a level
suffictent lo confer protactive immurity agamst a pathogen which expresses an
imrme nog= 1= 2cualant of said immunogenic component The present invention
clearly encompasses the use of such attenuated or non-pathagenic vectors and hive
vaccine proparations

1k~ vaccine vector may be a virus bacte 1al cell or a aukaryotic cell such as an avian,
onrcine or other mammahan cell or a yeast cell or & cell ine such as COS VERO
ti=l.3 mrouse C127 Chinese hamster ovary (CHO), WI-38 baby hamster kidney
(BHK) or MDCK cell 1nes Surtable prakaryotic cells include Mycobacterium spp
Corynebactenum spp, Salmonella spp Eschenchia coli Bacillus spp and
Pseurinmnnse g5 amongst others Bactenal strains which are suitable for the
oSt purpose are well-known In the relevant art (Ausubel ef a/ 1987 Sambrook
2 o 1989)

Such celis and cell kines are canable of expression of a genetic sequenta encoding
a peptide polypeptide or protein of the present invention from L ntracelfulans m a
manner cffective to induce a protective immune response in the ammal For example
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a non pathogorne hact rurn could be prepared contaming a recombinant sequence
capdble o! encoding a peptide, polypeplide or protein from L ;miracefiufans The
recombinant sequence would be in the form of an expression vector under the control
of a constitutive or inducible promoter The bactenum wouid then be permitted to
.ci~nise su *able locations ir a pig s gut and would be permitted to grow and produce
the recombinant peptide polypeptde or protain In amount sufiicient to induce a
u1 ) echive immune response against L infracellulans

In = 1 FRar gltaralive embodiment the vaccine can be a DNA or RNA vaccine
compnsing a DNA or RNA molecule encoding a peptide polypeptide or protein of the
- - vt 15 mjectod into muscutar kissue or other suitable tissue n a pig
Jnder conditions sufficient to perrmit transient expression of said DNA or RNA to
produce an amount of peptide polypeptide or protein effective to nduce a protective
immune response In a preferred embodiment, the DNA vaccine i1s in the form of a
plasmid  which tie DNA s operably connected wvith a promoter region capable of
expressing the nucieotide sequence encoding the Immunogen n celis of the
immunized anmal

Ir the production of a recombinant vaccine except for a DNA vaccine described
Ferein it 1s therefore necessary to express the immunogenic component In a suitable
veclior system For the present purpose the :mmunogenic ¢ mponent can be
xp Lased by
() placing an leolated nucleic acid molecule 1n an expressible farmat said
nuclerc acid molecule comprising the coding region of the nucleotide sequence
«= torth in SEQ 1D NO 2 or a protein-encoding homologue analogue or
denvative of SEQ ID NO 2 selected from the group consisting of
{a) nucleohde sequences that have at least about 70% sequence
idenuity 1o SEQ IDNO 2
(c; wcleohd= sequences that hybndise under at least low stringency
hybndlsation preferably under at least maderate stringency conditions
and even more preferably under high stringency condtions to the
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complement of SEQIDNO 2 and
(v) nucleotide sequences that encode the amino acid sequence set forth
in  SEQ ID NO 1 or 3 homologue analogue or derivative thereof
including for example a mimotope of the amino acid set forth in SEQ
IDNO 1
{n) introgducing the 1solated nuclesc acid molecile of (1) n an exprassible
format into a suitable vaccine vector and
{(in) ncubating or growing the vaccine vector for a tme and under conditions
sufficient for expression of the immunogenic component encoded by sad

nucleic arid molecule ta occur

Fo~ the purposes of defining the level of stningency a low sinngency s defined heremn
as being a hybrnidisation and/or a wash carned out in 6xSSC buffer 0 1% (w/v) SDS
at ?28°C A maderste stringency 1s defined heremn as being a hybndisation and/or
washing carned out in 2xSSC buffer 0 1% (w/i) SDS at a temperature In the range
45 C to 65 C A high stnngency I1s defined herein as being a hybndisation and/or
wash camed out in 0 1xSSC buffer 0 1% (wiv) SDS at a temperature of at least 65°C

CGenerally the siringency 1s increased by reducing the concentration of SSC bulfer,
1 dror increasing the concenlration of SDS and/or increasing the temperature of the
hycndisation and/or wash Thaose skilled in the art will be aware that the conditions
10r 'y or disauon anc/or wash may vary depending upon the nature of the hybndisation
membrane or the type of hybndisation probe used Conditions for hybndisations and
washas =~ = wll yndcrstoad by one narmatly skilled in the art  For the purposes of

t » if cation ol the parameters affectng hybndisation between nucleic acid molecules
r¢ erence 1S found in pages 210 8to 2 10 16 of Ausubel ef a/ (1987) which s heren
incorporated by reference

As used nerein a nuciewc acid molecule in an expressible format” 15 a proteln-
encoding region of a nucleic acid molecule placed in operable connection with a
promoter or other regulatury sequence capable of regulating expression in the vaceine
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vector system

Reterence heremn to a promoter 1s to be taken in its broadest context and mcludes
h~ ranscnplional regulatory sequences of a cdassical genomic gene including the
}ATA box which 1s required for accurate transcnption intiation with or without a
CCAAT box sequence and addiuonal regulatory elements (1 e upstream activating
sequences enhancers and silencers) which aller gene expression in response to
~deve opmental and/or external shmul: or it a tissue-specific manner In the prasent
cdntext, the term "promoter’ ts also used to descnbe a recombinant, synthetic or fusion
1 ~r denvative which confers activates or enhances the expression of a

v «~ 31J molecute 1o which it s operably connected and which encodes the
immrunogentc polypeptide Preferred promoters can contain addittonal copies of one
or more specific reguiatory elements to further enhance expression and/or to alter the

spatial expression ard’/or tomporal expression of the sard nuclerc acid molecula

Placing a nucleic acid molecule under the regulatory control of 1@ 1n operable
cor wctio 1 with a promoter sequence means posilionng the said molecule such that
fxression 1s controlled by the promoter sequence Promolers are generally but not
ne~assarlly positioned 5 (upsiream) to the genes that they control In the
-~ r<truction of heterologous promoter/structural gene combinations i 1s generally
oteferred (o position the promoter at a distance from the gene transcrniption stant site
that 1s approximalely the same as the distance betwreen that promoter and the gene
it controls m its naturat setting le the gene from which the promoter Is derived
v e more the regulatory elements comprising a promoter are usually posthoned
wittrn 2 kb of the start site of transcription of the gene As i1s known In the art some
variation n this distance can be accommodated without loss of promoter function
Similarly the preferred positioning of a regulatory sequence element with respect to
a heterologous gene to be placed under its contrel is defined by the positioning of the
element in its natural setting | e the genes from which it is denved Agamn as Is

kkngan n the art som= variztion 1n this distance can also accur

o
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The preraquisite for producing intact polypephides in bactena such as £ colr is the use
of a strong promoter with an effective nibosome binding site  Typical promolers
suitable for expression in bactenal cells such as £ col include but are not himited to,
the 13/ promoter temperature-sensitive A, or A, promoters T7 promoter or the IPTG-

LY

imaLcible tac promoter A number of other vector systems for expressing the nucleic
ac 1 moleculs of the invention in E coli are well-known n the art und are described

ior example in Ausubel et al (1987) or Sambrook ef a/ (1989) Numerous plasmids
with suitabie promoter sequences for exoression in bacteria and efficient nbosome
binding s+=< t wve been dascribed such as for example pKC30 (A, Snimatake and
1€ Roserberg 1981} pKK173-3 (fac Amann and Brosius, 1985) pET-3 (T7 Studier and
Mo*fat 1985} the pFLEX seres of expression vectors (Pfizer Inc CT, USA) or the
pQE senes of expression vectors (Qiagen CA) amongst others Typical promoters
suitable for expression in viruses of eukaryotic cells and eukaryotic cells include the
SV40 late promoter SV40 early promoter and cytomegalovirus (CMV) promoter CMV

15 1T {cytomegalovirus immediate early) promoter amongst others

Me.ns ‘o~ miroducing the isolated nucleic acid molecule of a genetic construct
curronsing same into a cell for expression of the immunogenic component of the
v Lane composition are well-known to those skilled in the art The technique used for
2v a4 gven organism depends on the known successful techniques Means for
intre ducing recombinant DNA into arwmal cells includes microinjection transfection
mediated by DEAE-dexiran, transfection mediated by iposomes such as by using
=l re (lsibco MD USA) and/or celifectin (Gibco, MD, USA) PEG-mediated
DNA uplake electroporalion and microparticle bombardment such as by using DNA-

25 coated tungsten or gold particles (Agracetus Inc Wl {USA) amongst others

The mmunogaric component of a vacane composition as contemplated heremn
exhibits excellent therapeutic actvity for exampie, in the treatment and/or prophylaxis

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

30 example for recombmant peptide molecules from about 0 5 ug to about 20 mg may
= administered preferably from about 1 ug to about 10 mg more preferably from
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about 10 .g to about 5 mg and most preferably from about 50 ug to about 1 mg
equivaient of the immunogenic component m a volume of abaut 1mi to about Sl For
DNA vaccines, a preferred amount 1s from about 0 1 ug/mi to about & mg/ml in a
v Lme of about 1o about Smi The DNA can be present (in “naked form or it can be
adrmintsrered together with an agent facilitating cellular uptake (8 in hposomes or
caromc ipids) The important feature is to administer sufficent immunogen to nduce
a protecttve immune response The above amounts can be admiristered as stated or
calculated per kifogram of body welght Dosage regime can be adjusted to provide the
ce a7 lnerapeulic response For example several divided doses can be
ad~nrustered or the dose can be proportionally reduced as indicated by the exigencies

of the therapeutic situation  Booster administration may also be required

The vaccine ¢ the present invenhon can further compnse one or more additional
immunomadulatory components such as for example an adjuvant or cytokine
molecule amongst others that s capable of increasing the iIimmune response against
the immunogenic component. Non-hmiting examples of adjuvants that can be used in
ne vaccinge of the present mvention inciude the RIBI adjuvant system (Ribi Inc,

Ha niiton MT USA) alum mmneral gels such as aluminium hydroxide gel ol-in-water
ermru's ons water-in-oil emulsions such as for example Block co-palymer (CytRx,
Atlanta GA USA) QS 21 (Cambridge Blotech Inc Cambndge MA, USA) SAF-M
(Chiron Emeryville CA USA) AMPHIGEN® adjuvant Freund s compiete asdjuvam
Freund < nramplewe adpevant, and Saporun, QuilA or other saponin frachon,
mapaphesphoryl ipid A, and Avridine lipid-amine adjuvant Other immunomadulatory
agen:s hat can be Included In the vaccine \nclude for example one or more
cytokines such as interferon and/or interleukun, or other known cytokines Non-ionic
surfactants such as for example polyoxyethylene oleyl ether and n-hexadecyl
polyethylene ether may also be included in the vaccines of the present invention

Tha vaccine composihon can be administared in a convenlent manner such as by oral
~z.> wWhe'e water soluble) intramuscular subcutaneous wntranasal
atradermar or suppository routes or by implantaton (e g, using siow releass
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technology} Depending on the route of administration the immunogeric component
mav be requtred to be coated in a material to protect It from the action of enzymes,
acds and cother natural conditions which may inactivate t such as those in the
Inrehre iract

I o vaccine composition may also be administered parenterally or intraperitaneaily
Dispersions can also be prepared in glycerol lquid polyethy:ene glycols and mixtures
thare~f -- 517 1nder ordinary conditions of storage and use these preparations
=3~ corialy a pressrvative to prevent the growth of microorgarsms Alternatively the
vattine composition can be stored in lyophilised 1orm to be rehydrated with an
appropriate vehicle or camer prior to use

Phamaceutica! forrms suitable for injectable use include stenle aqueous solutions
(where water soluble) or dispersions and stertle pawders for the extemporaneous
preparabon of stenie injectable solutions or dispersion  In all cases the farm must be
flang @ the exlent that easy syringeabibily evusts untess the pharmaceutical forms a
~ whri or semi-sold such as when slow release technology s emplayed In any event

rust be stable under the conditions of manufacture and storage and must be

u eserved against Jhe contaminating action of microorganisms

The camer may be a solvent or dispersion medium containing for example water
P Ju f1or example glycerol propyiene glycol and hquid polyethylene glycol

a1y the hke) suitable mixtures thereof and vegetable osls The proper fluidity can be
maintained for example by the use of a coating such as lecithin by the maintenance
of the required particie size in ihe case of dispersion and by the use of surfactants
The prevention of the action of microorganisms can be brought about by various
antibactenal and snhfungal agents such as for example , parabens chlorobutanol
phenol sorbic acid thimerosal and the like In many cases it will be preferable to
include isotore agents such as for cxample sugars or sodium chionide Prolonged
=hsarption of the injectable compositions can be brought about by the use in the
1 -pusitions of agents delaying absorption such as for example aluminum
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monostearate and gelatin

“tonle injectable solutions are prepared by incorporaling the active compound in the

~niuired amount in the appropriate solvent with various of thie other ingredients
onumrerated above as required followed by filter-steniization Generally dispersions
are prepared by incorporating the stenihzed active ingredient into a sterrle vehicle
which contains the basic dispersion medium and the required other ingredients
+= .~ ed from those enumerated above In the case of stenle powders for the
preparation of stenle injectable solutions the preferred methods of preparation are
vacuum drying and the freeze-drying technique which yield a powder of the activa
ngredient plus any additional deswed ingredient from previously stenle-fiitered
solution theteof

The present invention extends to vacane compositiohs which confer prataction against
infection by one or more tsolates or sub-types of L. intracellulans including those that
he nrn to the same seravar or serogroup as Lawsorva infraceliulans The vaccine

oS 'on preferably also confers protaection against infection by other specles of the
o Lawsoma o1 other microorganisms related thereto as determuned at the
m ¢ e~hgda brochemical structural, physiolagical and/or immunointeractive level the
only requirement being that sald other species or other microorganism expressaes a
nelveentida  Aye 15 mmunologically cross-reactive to the polypeptide of the invention
d=wcbed heren For example, such related microorganisms may comprise genomic
DNA which 1s at least about 70% dentical overall to the genomic DNA of Lawsonia
infracellulans as determined using standard genomic DNA hybrnidisation and analysis
techniques

The terms serogroup and 'serovar relate to a classification of microorganisms which
1S based upon serological typing data n particular data obtained using aggiutination
3%>3y$ such as the microscopic agglutination test (MAT) Those skiiled in the art will
- aware \hdt serovar and serogroup antigens are a mosaic on the cell surface and
“s a consaquence there will be no strict detineation between bactena belonging to a

152
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==~ ar and/nr serogroup Moreover organisms which belong to different species may
tz Jassified into the same serovar or serogroup because they are indistinguishable
' antgenic determination As used herein the term 'serovar’ means one or more
+ - €I strains which are antigerwcally identical with respect to antigenic
I> —wa D procuced by one or more foct Quantidatively serovars may be
differanbated from one another by cross-agglutination absorpbion techniques  As used

=zsrograup refers to a group of Lawsome spp whose members cross-
-0 1atinate with shared group antigens and do not cross-agglutinate with the members
of other qroups and as a consequence the members of a serogroup have more or
less close antigenic relations with one another by simple cross-agglutmation

The present invention thus clearly extends to vaccine compositions for the treatment

and/or prophylaxts of animals 1n particular vaccine comrpositions for the treatment

and/or prophylaxis of porcine and/or avian species agalnst any bacterium belonging
o tne same serovar or serogroup as Lawsonla intracellulans Preferably such

r-samsms will expross a polypeptide having an amino acid sequence 1dentity of at

'~ ~ abg it 70% overall with respect to SEQ 1D NO 1 and/or at le 3t about 50% with
-uLa~t ¢ amno acds 1 to 50 of SEQ 1D NO 1

The present invention extends further ta vaccine compositions capqbie of conferring

» agarsi 2 genetic vanant of Lawsonsa intfraceliulans the only requirerment
Le -y that said vanant expresses a polypephde having an overall amino acid
sequence Identity of at least about 70% with respectto SEQ 1D NO 1 and/or at least
about 50% with respect to ammne acids 1 to 50 of SEQ ID NO 1 or a homologue
anaicgue o der sative therecof which 1s immunologically cross-reactive thereto
Genetic variants of L intraceliufanis can be developed by mutation recombination
¢ ormjugation or transformahon of L intracellulans or may occur nalurally It will be

know.n to a person skilled in the art how to produce such vanants

2 particularly preferred embodiment the vaccine composiion ot tha invention 1s
- *ad tor or suitable for the prophylaxis and/or treatment of infaction i a porcine

Ve B
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ra \ay animal by L intracellulans
~ = 3¢ skiled in the art will recognise the general applicability « * the invention in
a5~ ra ing armals other than porcine and avian arimals against L mtraceliularls
and/or related microonganisms In the general application of the vaccine or the present
invention the only prerequisite 1s that the anumal on which prolection 1s conferred s
w3, 1.z of paing nfected with Lawsonla intracellulans and/or a related microorganism
f ¢ 1c and that n the case of a relalied mictoorganism to [ infraceflulans said
related micraorganism expresses a B-cejl or T-cell epitope which mimics or cross-
reacts with the polypeptide cornponent of the vaccine composition described heretn
Annals whzn may be protected by the vacoine of the present imvention include but
are nol imited to  humans pnmates companion animals (e g cats dogs) hvestock
animails (e g pigs sheep cattle horses donkeys goats) laboratory test armals
lag mice rats guinea pigs rabbits) and captive wild animals (e g kangaroos foxes
dearl The present invention also extends o the vaccination of birds such as pouitry
1 1 aar e birds and caged birds
- eead v =onTave extends to combination vaccines compnsing an effective
amount of a first iImmunogenic camponent comprising the polypeptide of the present
invant Ar ~arak n-a o th gn effective amount of a second iImmumogenic component
1 fixig one or more other antigens capable of protecting a porcine anmmal, or bird,
~gnsl etther Lawsomnra spp  or another pathogen that infects and causes disease n
said arumal  In a2 preferred embodiment the second immunogenic component 1S
selected from the group conslisting of the L mntracellulans autalysin OmpH FIgE and

S SodC polypeptices and homologues analogues or derivatives thereof in particular

immunogenic vanants or denvatives thereof and nuclesc acid molecules encoding
same

Tt - «ola*ad or recombmant polypeptida of the mnvention or an immunotogically-
+alant nomologue analogue or denvative thereof 1s also useful for the preparation
r e zgrzal interactive molecules which are useful in the diagnosts of infaction

160
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~ an animal by Lawsonia spp  n particular by L intracellulans or a relatad organism
thareto

fz a2 hg on the term “immunologtcally interactiva molecule” includes antibodies
and antibody denvatives and functional equivalents such as a Fab or a SCAB (single-
- v ) dny of which optionally can be conjugated to an enzyme radioactive
o0 Jotescen lag amongst others The only requirement of such immunologically
inferactive mclecules 1s that they are capable of binding specifically to the
immunaogenic polypeptide of the present invention as herainbefore desenbed

Accordingly a further aspect of the invenlion extends to an immunologically interactive
molecule which 1s capable of binding to any one or more of the following
() a pephide oligopeptide or polypeptide which compnses an amino acid
sequence which has at least about 70% sequence identity overall to the amino
acid sequence set forth in SEQ ID NO 1
i) a peptide oligopeptide or polypepbde which compr ses an amine acid
zequence having at least about 50% overail sequence ldentity to amino acid
resioucs 1 1o 50 of SEQ IDNO 1 or
(in) a homologue analogue or dervative of 1) or (n) which mimics a B-cell
- -ced epitope thereof

In a preferred embodiment the immunoclogically interactive molecule 1s an antibody
that binds specifically o a polypeptlde consisting of the amino acid of SEQ ID NO 1
or to the first fifty amino acids thereof

Conventional methods can be used to prepare the immunologically interactive
molecules For example by using a polypeptide of the present invantion polyclonal
an'isera or monocdional antibodies can be made using standard methods For example
anmal (¢ g amouse hamster or rabbit) can be immunized with an immunogentc

- nof the polypeplide of the present invention which ehoits an ar t body response in

-~

- Techraques for confernng immunogentcity on a polypeptide include
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r ~jugation to camers or other techniques well known in the at  For example the
-¢ ypeao'ide can be administered 1n the presence of adjuvant or can be couplad to a
¢t o mewpcdle as known in the arl that enhances the immunogeniaity of the
polypeptide The progress of immunization can be monitore- by detection of antibody
ot - - ac .m Standard ELISA or other immunoassay can be used with
+ = pnmunogen as antigen to assess the levels of antbodies Foliowing immunization
antiserd can be obtained and, for example IgG molecules corresponding to the
polycional antibodies can be isolated from the antisera

To produce monocional antibodies antibody producing cells (lymphocytes) can be
harvested from an animal immunised with a peptide of the present invention and fused
with myeloma celis by standard somatic cell fusion procedures thus immortalizing
these cells and yiglding hybridoma ceills  Such techniques are well known in the art
210 inctude for example the hybndoma technique ongmally developed by Kohter and
Y 1ztein (1975) as well as other techniques such as the humar B-cell hybridoma
12zhr quJe (Kozbor ef ai  1983) the EBV-hybndoma technique to produce human
it wclonar antbodies (Cole et af 1985) and screening of combinatonal artibody
libraries (Huse ef a/ 1989) Hybndoma cells can be solated and screened

. 1 ~ically for p aduction of antbodies that are specifically reactive with the
~-'ypoptide and monoclonal anubodies isolated therefrom

As with all immunogenic compositions for eliciting antibodies the immunogentcally
effective amounts of the peplides of the invention must be determined empincally
Factors to be considered include the inmunogenicity of the native pgptide whether
or not the peptide will be complexed with or covalently attached to an adjuvant or
rarner proten or other camer the route of administration for the composrtion 1 e
1 ravenous Intramuscular subcutaneous efc and the number of immunizing doses
~ e administered  Such factors are known in the vaceine art and it 1s well within the
<t~ mruneclogists to make such determinations without undue expenmentation

Tne term “antibody’ as used heresn 1s intended to include fragments theraof which are
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1% snac fically reactive with a paptide that mmmics or cross-reac! withaBeellor T
elt epitope of the Lawsonra intracelitdans hemolysin polypeptide set forth in SEQ ID
NO 1 Antibodies can be fragmented using conventianal techniques and the
fragments screened for utiity in the same manner as described above for whole
- .ot1zs For example F(ab )2 fragments can be generated by treating antibody
w ih pepsin  The resulting F(ab )2 fragment can be ireated to reduce disulfide bndges
to produce Fab tragments

It 1s within the scope of this invention to include any secondary antibodies
{(monocional polyclonal or fragments of antibodies) including anti-idiotypic antibodies

directed to the first mentioned antibodies discussed above Both the first and second
anttbadtes can be used In detection assays or a first antbody can be used with a
curnmercially avaiable anti-immunoglobulin antbody An antibody as contemplated
warein includes any antibody specific 10 any region of a peptide which mimics or
cr ss-reacts with a 8 cell or T celt epitope of the Lawsoma infraceliulans hemolysin
pol, ceptide set torth tn SEQ 1D NO 1 as heveinbefore descnbed

Tha ~rth~d e ~veor bad heren are useful for determining B cell or T cell epitopes of

n~ 2minn acid sequence set forth tn SEQ 10 NO 1 such as, for example by tasting
lhe abiiity of synthetic peptides to cross-react immunologically with said amino acid
sequence or to elicit the production of antibodies which cross-react with said amino
acd sequance Using methods descnbed hereln polyclonal antibodies monoclanal
antibodies or chumenc monaocional antibodies can also be raised to peptides which
mimic or cross-react with a B cell or T cell eptope of the Lawsoma infraceliufaris
hemolysin polypeptide sat forth in SEQ ID NO 1

Mare particularly the polyclonal monoclonal or chimenc monocional antlbodies can
v sed io detect the peptides of the invention and/or any homoloques analogues or
Je auvas thereo! in various biological matanals For example they can be used in
' ™ .o mmunoassay or histochemical test  In other words, the antibodies
can be used to test for binding to a polypeptide of the invention or to a homologue

4
o,
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e .gue or denvative thereof 1n a biclogical sample to diagnose the presence of

!

- ona wracelfiulans therein

4 _ o laniher aspect of the invention provides a method of diagnasing
te~uo 1 1 an anim~l by Lawsonia intraceliulans or a related microorganism thereto,
said method compnsing the steps of contacting a biological sample denved from said
anmmal with an immunologically interactive molecule which is capable of binding to a
peptide ohgopeptide or polypeptide compnsing the amino acid sequence set forth in
SFQ ID NO 1 or a homologue analogue or denvative thereof for a time and under
conditions sufficient for an antigen antibody complex to form and deteching said
complex formation According to this embodiment of the present invention the
immunologically interactive molecule 1s preferably an antibody molecule preparad
~amnst the Lawsorva intracefiulans hemolysin polypephda set forth in SEQ ID NO 1
v an analogue or denvative thereof

Tne wiological sample i1s one which might contain a polypeplide having an amino acid
sequence set forth in SEQ D NO 1 or a homologue analogue 9+ denvative thereof

. -~ abological sample derived from a poremne or avian host of the pathogen
- sama ntracellulans or a related microorganism therelc and can Include any
appropnate tissue or fluid sample from the animal Preferred blological samples are
derived from the jleum caecum small iImestine large-intestine whole serum or lymph
nodes of the porcine or avian host animal being tested  Alternatively or in addiion
the biolagical test sample may comprise faeces ar a rectal swab denved from the
armmal

Conventional immunoassays can be used to perform this embodiment of the invention
/ wide range of iInmunoassay techniques are available as can be seen by reference

US Patent Nos 4 016 043 44242739 and 4 018 652 These of course include
14 4 w3 L« Jlwe site of sandwich' assays of the non-competiive typas as
well as the traditional competitive binding assays These assays also include direct
bindine nf 2 lak~altag a~tibndy to a target It will be readily apparent 1o the skilled
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1e~r~ician how to modifv or optimise such assays to perform this embodiment of the
present invention and all such modifications and optimisations are encompassed by
the present invention

in one alterative emoodiment the present invention contemplates a method of
identifying whather or not an arumal has suffered from a past infection or ts currently
rfected with L awsora intracellulans or a related microorgamsm thereto sajd method
comprnising contacung 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 formaton This
embodiment differs from the embodiment described supra in that it relies upon the
de ertion of circulating antibodies against Lawsonfa infracellulans or refated organism
n *he arimals blood or serum which are present as a consequence o° a past or
rezent (ection by this pathogen However 1t will be apparent to those skilled in the
n ha the onrcible of the assay format s the same As with other embodiments of the
invention referred to supra conventional immunoassays can be used Persons skilled
nthnart 1 - ~4ilv ko 2qpable of varying known immunoassay formaits to perform the
- ' o~ brodiment This embodiment of the invention can also utilise derivatives of
twod and serum which comprise immunclogically inleractive molecules, for example
partially-purified IgG or IgM fractions and buffy coat samples amongst others The
preparation of such fractions will alaa be known o those skilled in the art

A further aspect of the prasent mvention provides an isolated nucleic acid molecule
which compnises a sequence of nuclectides which encodes or 1s complementary to
a nucleic acid molecule which encodes a peptide ohgopeptide or polypeptide
~siected from the following
Q] a peptide oligopeptide or polypeptide which compnses an amine acid
~2 e ice whirh has at least about 70% sequence identity averall te the amino
“Ct —auence sat forthin SEQ ID NO 1
() a peptide oflgopeptide or polypeptide which comprises an amino acid
wis Niaving at teast about 50% sequence rdentity overall to about amino
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welu  ootdue 1 to about amine acid residue 50 of SEQIDNO 1 or
(m) ahomologue analogue or dervative of (1} or {n) which mimics a B-cell
1 *priopm of Lawsorma spp

in a preferred embodiment the present inventian provides an isolated nucleic acid
molecule comprising a sequence of nuclectidas which encodes or s complementary
to a nucleic acid rrolecule which encodes a polypeptide immunogen which compnses
mimics or cross-reacts wrth a B cell or T cell epitope of the Lawsoma intraceflulan’s
hemolysin polypeptide set forth in SEQ ID NO 1

11 A particularly preferred embodiment the present invention pravides an isolated
n~igic acid molecule compnsing a sequence of nucleotides encoding the L

=peffulans hemotystn polypeptide having an amino acid sequen: 3 set forth (n SEQ
I NQ 1 or encoding about the first fifty amino acid restdues thereof

It s within the scope of the mvention to encompass polymeric forms of the

. 2lvpeptide desenbed hersin such as aggregates of the amino acid
~., »c¢e ssl forth in SEQ ID NO 1 or a homologua analogue or darivative thereof or
al'eT ativaly as polypeptides compnsing repeats of the amino acid sequencs set farth
in SEQ ID NO 1 or a homologue analogue or denvative thereof The present invention
extends .urtne ic nucleic acid molecules encoding such polymenc forms

Altematively or in addition the 1solated nucleic acid molecule of the invention further
compnses a sequence of nuclectides which has at least about 70% overall sequence
Jdentily to the nucleotide sequence set forth in SEQ ID NO 2 or to a complementary
r 1. leot'de sequence thereof More preferably the percentage sequence identity to
* 2 1D NO 2 or to a complementary nucleotide sequence theretu 15 at feast about
i & preferably the percentage sequence identity 1$ at least about 90%
Yet stiil more preferably the percentage sequenca iIdenty 1s at least about 95%

«r> r=d embodiment the nucleic accd molecule compnses the nucleotide
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sequence set forth in SEQ ID NO 2 or the hemolysin-encoding nucleotide sequence
present r nal K12 (ATCC 2071885), or a degenerate vaniant thereof and complements

thrrenf

in determining whether or not two nucleotide sequences fall within these percentage
bimits those skilled 11 the art will be aware that it is necessary to conduct a side-by-
side companson or multiple alignment of sequences In such comparisons or
alignments differences may arnise in the positioning of non-identical residues
depending upon the algonthm used to perform the alignment in the present context
== arce {0 a percentage dentity between two or mare nucleotide sequences shall
e laken to refer to the number of idenucal residues between sa:d seauences as
- @ Mined using any standard algonthm known to those skdied in the art For
« % olg nucleotde sequences may be aligned and their identity calculated using the
<~ "E7 r» -qramme o- other appropnate programme of the Computer Genetics
Group Inc Umiversity Research Park Madison Wisconsin United States of Amernica

- S
-

A haliveiy or in addiion the isolated nucleic acid molecule of the invention 1s
capable of hybrdising under at least low stnngency conditions to the nucleotide
sequence set forth 7 SCQ ID NO 2 or to a complementary nucleotide sequence
thereto or to a nucleic acid fragment compnsing at least about 20 contiguous
nucleotides in length denved from the sequence set forthin SEQIDNO 2ortoa
complementary nucleotide sequence therelo

Preterably sald nucleic acid molecule 1s capable of hybndising under at least

wderate strngency conditions and evan more preferably under high stringency

ot hirg,

The present invention clearly encompassas genetic constructs compnsing the subject
-t wie n an expressible formal suitable for the preparation of a

r ran immunagenic polypeptide of the present invantion such as for use n

%/
6%
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recombinant univalent or poiyvalent recombinant vaccines

au 0 cases the nucleic amd molecule wili be operably connected to a promoter
scqaence A1 ch can thereby regulate axprassion of said nucleic acid molecule In 2
prokaryotic or eukaryohc cesl as desanbed supra

The genetic construct optionally further compnses a terminator sequence The term
terminator’ refers to a DNA sequence at the end of a transenptional unit which signals
termination of transcnption A “terminator” 1s a nuclectde sequence generally located
v thun the 3 -non-ransiated regton of a gene or mMRNA compnsing a polyadenylation
a jnal to facmtate the post-transcnptionat addition of a polyadenylate sequence to the
~ and or a primary miRNA transcnpt Terminator sequences may be isolated from the
ge e ¢ sequences of bactena fungr viruses anmals and/or plants Termmnators
active in animal cells are known and described in the Iiterature

- ¢ -2fzra2 embodiment the genetic construct can be a cloning or expression
»2Ctr 35 anown in the art, such as a plasmid cosmid or phage compnsing a nucleic
acld molecule of tha present invention and host cells transformed or transfected
therewith 'n a non-hmiting embodiment the vector 1s plasmid pALK12 (ATCC
Accession No 207185)

The genetic constructs of the present invention are particularly useful for producing
the nnmunogenic component of the vacaine composition dascnbed herein or for use

1 d DNA vaccine

~ range of genetic diagnastic assays to detect infection of an animal by Lawsonra
" "= « 1qdr Sf 8 related microorganism can be employed using the nucleic acid
molecule described herein such as for example assavs based upon the polymerase
' «13 \PCR) and nucleic acid hybridisation  All such assays are

~amp ited 1n the present invention
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Brones - = 1| furthe- aspect of the invention provides a diagnostic method of
~ectirg Lawsomia intraceliulans or related microorganism in a biotogical sample
denwed fiom an arumal subject, sata method compnsing the steps of hybndising one
or more probes or pnmers derived from (he nuclectide sequence set forth n SEQ 1D
NO 2 or 2 complementary nucleotide sequence therete or a homologue analogue or
denvative thereof to a DNA or RNA molecule present in said sample and then
detecting said hybridisation using a detection means

A~ used herein the term probe refers to a nuclelc acid molecule which is denved
f1om the nucieotide sequence set forth m SEQ 1D NO 2 and which s capable of being
used in the detection thereof Probes may comprise DNA, (single-stranded or double-
s randea) or RNA (1 e nboprobes) or analogues thereof

The ierm pnmer refers to a probe as hereinbefore defined which is further capable
- ~-1 o amplily a nucleotide sequence from Lawsonia infracellulans or a
» =4 =~ croprganism thereto n a PCR

Prefarred probes and pnmers include fragments of the nucleohde sequence set forth
in SEQ 1D NO 2 and synthetic singie-stranded DNA or RNA molecules of at least
about 15 nucleotides in length derived from the sequence set forth in SEQIDNO 2
or a complementary nucleotide sequence thereto

Frceerably probes and primers according to this embodiment will comprise at least
sbout 20 contiguous nucleotides dernived from SEQ ID NO 2 or a complementary
~-etw2nce thereto even more preferably at least about 25 contiguo .5 nucleotides still
aven more preferably al least about 50 contiguous nucleotides and even more
preferably at least about 100 nuclechdes 0 about 500 nucleotdes derived from the
sequenrea <at fnrth in SEQ 1D NO 2 or a complement thereof Probes and prmers

~r  ~e fididengih of SEQ D NO 2 or a complementary nuclectide sequence
tn=1ato are also encompassed by the present mnvention

¥

6
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-« m waufl purpose “homologues of a nuclechde saquence shall be taken to

&ef {0 an 1solated nucleic acid molecule which encodes a polypeptide that 1s
functionally equivalernt to the polypeptde encoded by the nucleic acid melecule of the
present invention or to a palypeptide which 1s a homalogue analogue or derivative of
SEQ ID NO 1 notwithstanding the occurrence within said sequence of one or more
nucleotide substitutions nsertions, deletions or rearrangements

Analogues of a nucleotide sequence set forth herein shali be taken to refer to an
isolated nucleic acid moiecule which encodes a functionally-equivalent polypeptide to
2 palypeptide encoded by tha nucleic acid molecule of the present invention or a
13 nologue analogue or denvative of a polypaptide having the amimno acid sequence
of SEQ 1D NO 1 notwithstanding the occurrence of any non-nucleotde constituents
not narmally present in said isolated nucleic acid molecule such as for example
carhnhyd- - ~digchermicals including radio nucleotides, reporter molecules such
3 but 7ot hmited to biotin DIG  alkaline phosphatase or horseradish peroxidase

et 1Lgst othors

Denvatives of 2 nucteot de sequence set forth herein shall be taken to refer to any
1solated nucleic acid molecule which contains at least about 50% nucleotide sequence
identity to 15 or more contiguous nucleotides present in the nucleotide sequence set
forthain SEQ ID NO 2 or a complementary nucleotide sequence thereto Generally
it nucleohde sequence of the prasent Invention may be subjected to mutagenesis to
produce single or multiple nuclectide substituhons delehons and/or insertions
Nu ‘eolide insertional derivatives of the nucleotide sequencs of the present invention
nwide 5 and 3 terminal fusions as well as intra-sequence Insertions of single or
m. pie rnuceohdes or nucleotide analogues Insertonal nucleotide sequence
variants are those In which one or more nucleolides or nucleotide anatogues are

' ) a predetermined site in the nucleochde sequence of said sequence

3t -andom insertion i1s also possible with suitable screening of the resulting
pracuct being performed  Deletional nucleclide sequence vananls are characterised
by the removal of one or more nucieohides from the nuclectide sequence

\10
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(4 1ohal nucleotide sequence vanants are those in which at least one nucieotide
in the sequence has been removed and a different nucleotide or nucleotide analogue
inserted n s place In a preferred embodiment such substitutions are selected
basad on the deqeneracy of the genetic cade as known in the art with the resulting
substituttonal variant encoding the amino acid sequence of SEQ ID NO 1 or at least
about the first S0 amino acids thereof

Probes or primers can compnse inosmne adenine guanine thymidine cyhdmne or
-2l residues or functional analogues or denvatives theraof that are capable of being
ir ¢ orporated into a polynucleotide molecule provided that the resuiting probe or
o g - capable of hybridising under at least jow stnngency canditions to SEQ 1D
NO £ or to a complementary nucleotide sequence theraof oris at least about 70%
identical to SEQ ID NO 2 or to a complementary nucleotide sequence thereof

-~ ¢ cg cal sample according to this aspect of the nvenlion includes any organ
tissur cell or exuoa.e which contains or 1s likely to contain Lawsonia intraceliulans or
a nucleic acid derved therefrom A biological sample can be prepared in a suitable
solutin soor a3 for example an extraction buffer or suspensoon buffer The present
inveniion extends to the testing of bwological solutwns {hua prepared the anty
requirement being that said soluton at least compnses a biological sample as
described herein

Th= diagnoslic assay of the present invention 1s useful {or the detection of Lawsonrma
intracefhiians or a microorgamism which 1s related thereto which expresses the
b eraiysin polyperlide of the present invention or a hemolysin-like polypeptide

The oressn  mration clearly contemplates diagnostic assays which are capable aof
reers-sneridic and spectes-specific detection Accordingly, in one embodiment

~ e o coimer or a homologue analogue or denvative thereof compnises DNA
capa*-le of being used to detect multiple Lawsomia spp In an alternative embodiment,
the probe ~~ mer or a "omologue analogue or denvative thereaf comprises DNA

7!

7



HBBETS0” 220hETUuY

iy

h

2U

o W N RV A W

. -49

2-rablc of being used to distingush Lawsoma miracefiulans from related

fucroorgarnisms

Less-tnohty cunserved regions within SEQ ID NO 2 such as those encoding about
amino acid residues 1 to S0 of the Lawsoma intracellulans hemolysin polypephde are
particularly useful as species-speclfic probes and/or primers for the detection of L
ntrare bylans and very closely related species

Fu :hermore the diagnostic assays described herein can be adapted to a genus-
-ta ~ ~~ species-specific assay by varying the stringency of the hybridisation step
a~ca rhnly a lnw stringency hybridisation can be used to detect several different
species of Lawsora 1in one or more biological samples being assayed while a high
ctrr~an- S 1 2 oabion can be used to distinguish Lawsorna infracellulans from such

- - gsp_zes

I he detection means according to this aspect of the invention may be any nucieic
acd-based de articr means such as for example nucleic acd hybridisation
tecnniques or paper chiomatography hybnidisation assay (PACHA) or an ampiification
reaction such as PCR or nucleic acid sequence-based amplification (NASBA) system
The invention further encompasses the use of differant assay formats of sawd nuclewc
acid-based detection means including restriction fragment tergth palymorphism
«RF1 P) amplified fragment length polymoiphism (AFLP)Y smgle strand cham
polymorphism (SSCP) amplification and mismatch detection (AMD) interspersed
&, en, ive sequence polymerase chain reaction (IRS-PCR) inverse polymerase chain
rea. wun PCP) (i situ polymerase chain reacton and reverse transcriplion
polymerase chain reaction (RT-PCR) amongst others

-~ ~= rdatection means s a nucleic acid hybridisation technique the probe can
be laticlied with a reporter molecule capable of producing an identsffiable signal (e g
a radioisotope such as ¥P or ®S or a biotinylaled molecule) According to this
embodimant thag2 slhea in the art will be aware that the detection of said reporter

- ¢
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molecule provides for identification of the probse and that following the hybnidisation
reaction the detection of the corresponding nuclechde sequences in the biological
sample s faciltated Additional probes can be used to confimrn the assay results

obtained using a single probe

A vanation of the nucleic acid hybridisation technique contemplated by the present
insention 1s the paper chramatography hybridisation assay (PACHA) described by
Rainhartz ef al (1993) and equivalents thereof wherein a target nucieic acid molecule
i> labelled with a reporter molecule such as biotin applied *o one end of a
ni rocellafase or aylon membranae filter stnp and subjacted to chromatography under
n= 3ction ot capiliary or other forces (e g an electric field) for a ttme and under
conditions sufficient to promote migration of said target nucleic acid along the length

tt 1 arane lo @ zone at which a DNA probe 1s immobiiised thereto such as for
cuapie It the middie region According to this detection formal labelled target
nucteic acid comprns ng the Lawsoma spp nucleotide sequances complementary to
the probe will hybndise thereto and become immobilised in that region of the
membra~c 1n which the probe ts bound Non-complementary sequences ta the probe
will diffuse past the site at which the probe is bound The target nucleic acid may
compnse a crude or part:ally-pure exiract of DNA or RNA or altematively an amplfied
or purfied DNA Additional vanations of this detection means which utihse the
aucleotide sequences described herein dre clearly encompassed by the present

vention

Wherain lhe detection means 1s a RFLP nucleic acid denved from the biological
sample in particular ONA s digested with one or more restnction endonuciease
en?vmes and thr digested DNA is subjected to electrophoresis, transferred {o a solid
~ wvr<nrh as for example a nylon or nitroceliulose membrane and hybndised to
a probe opuonally labelled with a reporter molecule as hereinbefore defined
A rairg © s embodimz2nt a spectfic pattem of DNA fragments s displayed on the
support wheren sa d patiern 1s preferably specific for a particular Lawsoma specias

{0 2nck « 1w waea to distinguish between different species of the bactenum
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Wheicin the detection means 1s an amplfication reaction such as for example a
pclymarass chain reagtion or a nucieic acid sequence-based amplification (NASBA)
system or a vanant thereof one or more nucleic acid primer molecules of at least 15
cenliguous nucleotides in length denvable from SEQ 1D NO 2 or its complementary
nucleotide seqguence or a homologue analogue or dertvative thereof 1s hybndised to
nucieic acd derived from a biological sample and nucleic acid copies of the
“emnolysin-encoding genetic saquences tn sald sample or a part or fragment thereof

ar= enzymically-amplified

1hose sxilled in the art will be aware that there must ba a sufficiently high percentage
of nucleotide sequence identity between the pnimers and the sequences in the
-~ wylusl sample tempiate molecule to which they hybndise (1e the “template
naLCUIe’) As stated previously the stnngency conditions can be selectad to promote
Sy b idisa 10~

Praierably <ach prmer s at least about 95% dentical to a region of SEQ ID NO 2 or

its comementary ruclectide sequence in the template molecule to which it
hvbridises

Those skilled in the art will also be aware that in one format PCR provides for the
> ybridisation of non-complementary primers to different strands nf the template
m>zcule such that the hybridised pnmers are posttioned to faciitate the 5~ 3

syrinesis of nucleic acid in the intervening region under the control of a thermostable
DNA polymerase enzyme As a consequence PCR provides an advantage over other
tdetert Ar ~- an 11 30 far as the nucleotide sequence in the region between the

= 21 d eod pamers may be unknown and unrelated to any known nucleotide sequence

in oan alernauve embodiment wherein the detection means 1s AFLP the primers are
selected such Ikl whoen nudleic acid denved from the biological sample 1 particular

DNA s arrplified different length ampitficatron products are produced from different
Lawsoma spp the amplification products can be subjected to electrophoresis
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transferred to a sohd support such as for example a nylon or nitrocellulose

membrane o . hybndised ta a probe oplionally labelied with a reporter molecule as
hereinbefore descnbed According to this embodiment a specific patterm of amplified
DNA fragments s displayed on the support said pattern optionally specific for a
partwula” Lawsomia ssp  to enable the user to distinguish between difterent species

of the bacterum in much the same way as for RFLP analysis

T-o&chmigue of AMD faciitates not onlv the datection of Lawswya spp DNAIn a
biclogicar sample bur also the determination of nucleotide sequence vanants which
differ from the primers and probes used n the assay format Wherein the detection
meane< 15 AMT haorobe s end-labelied with a suitable reporler molacule and mixed
with an exress of the amplified template molecule The mixtures are subsequently
denatured and allowed to renature to form nucleic acid probe template hybnd
molecules or hybrnds such that any nucleolide sequence vanation between the
probe and the *cmgle molecule to wihich itis hybridised will disrupt base-painng in the
hybrnds These regions of mismatch are sensitive to specific chemical modification
using hydroxylarrine (mismatched cytosine residues) or osmium tetroxide (mismatiched
thymidine residues) allowing subsequent cleavage of the modified site using
piperid v The ceaved nucleic acid may be analysed using denatunng
polyacrytamige gel eiectrophoresis foliowed by standasd nucleic acid hybridisation as
Jreotlibed supra to detect the Lawsonia derved nucleotide sequances Those skilled
i the art wall be aware of the means of enddabelling a genetic probe according to the
performance of the invention descrnibed m this embodiment

P~ - 15 embodment the use of a single end-labelled probe allows
4 uuivocal localisation of the sequence vanation The distance between the pomnt(s)
of sequence vanation and the end-label 1s represented by the size of the cleavage
product

In an alternative embodiment of AMD the probe 15 labelled at both ends with a
reporier molecuie to facilitate the simultanaous analysis of both DNA, strands

29
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Wherein the detection means 1S RT PCR  the nucletc acid sample comprises an RNA
molecule which is a transcription product of Lawsoria-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 Lawsornia genes
Accomaing lo this embodiment the RNA sample s reverse-transcnbed o produce the
~omplementary single-stranded DNA which is subsequently amplified using standard

7 ro~adures

Variations of the embodiments descnbed heremn are described in detawl by McPherson
el al (1991)

+1 ¢ prese it invention clearly extends 1o the use of any and all detection means
referred to supra for the purposes of diagnosing Lawsoma spp and in particular
Lawsonia intracellulans infection 1n antmal

The amplfication reachon detection means described supra can be further coupled to
a classical hybndisation reaction detection means to fucher enhance sensitivity and
specificity of the invantive method such as by hybridising the amplified DNA with a
t rsbe which 1s different from any of the pnimers used in the amphtication reaction

Simiiarly the hybndisation reaction detection means described st vva can be further
coup'ecd o a secona hybridisation step employing a probe which i1s different from the

probe used in the first hybndisation reaction

~ 4t e aspact of the invention praovides an i1salated probe or pnmer denved from

£ 1D NO 2 or a complementary nuclactide sequence thereto

he present invention i1s further described by the following non-limiting examples

EXAMPLE 1
SOURCES OF PIG TISSVE
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Infected Mg Intestines

Secuons of grossly thickened ilea were taken from pigs naturally or experimentally
affected by PPE  The presence of L mniracellulans bactena in the ilea was confirmed
ey e g jorescent staining with speafic monocional antibodies (McOrist et af

27} Ancxample of a suitable anttbody 1s monoctonal antibody 1G4 available from
= Unwversity of Edinburgh UK

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

Lawsoma intraceliulans baclena were extracted dyreclily from lesions of PPE in pigs by
fitration and further punfied over a Percoll (Pharmacia Uppsala Sweden) gradient as
follows trfe~tad r'ea were collected from pigs and the presence of L ntracelidans
15 was confirmed histologically before storage at -80°C  Sectlons of (leum were thawed
and approxmmalely 8g of infected mucosa were scraped from the intestinal wall The
mMJrosa was homogenised wath 40 mi stertle phosphate buffered saline (PBS) on half
-1 ‘or 10 seconas using a Sorvall ommimixer  This saspension was centnfuged at
2712 rg for 4 minutes The supernatant was discarded and the cell pellet was
~r res_,esendad in 40 mi PBS and re-centrifuged This washing step was repeated twice
n= call pellet was then resuspended in 20 mi PBS and homogemised at full speed for
cre rmtnule to release L inlracelluians bactena

3 o, @@ was centnfuged at 1000 xg for 4 minutes giving a pellet containing

- = - G2 mxture of homogemised epithehal cells and intestinal bacteria The
supe-natant was filtered using filters with pore sized 3 ym 12 um and 08 um
{Millipore Coarporation MA USA) The filtrate was centrifuged at B000 xg for 30
minutes - 1 g e a small pelict of L intraceliulans bacteria The L intraceliulans
bactena werc further purified using a 45% self forming percoll gradient as follows 2

3¢ mus of the bactenal preparation was mixed by inversion into 30 mis of a 45% self
tarm ~q Percoll ‘/Pharmacia LKB Uppsala Sweden) gradient (45% viv of Percoll 150
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mM NaCl) T'he gradients were centrifuged m a Sorvall centnifuge using the S534
rotor at 20 000 rpm for 30 minutes at 4°C Usually a number of bands form within the
grachient The band (usually located approx 10-20 mm from the base of the tube)

a7 amg the L intraceliulans bactena was collected and the volume made up to 16
¢ | wth “BS {he solution was then centrifuged for 15 minutes at 8000 rpm The
re ~uitant pellet was washed with PBS before being resuspended . a final volume of

~nerny rstal s Ane mi

EXAMPLE 3
PURIFICATION OF LAWSONIA INTRACELLULARIS GENOMIC DNA

Genanic DNA wvas extracted from percoll-gradient punfied Lawsoma mtracelluians
bactena recovered from nfected pig llea scrapings (Fxample 2) by the methods
describea by Anderson et al (1984) and Sambrook et af (1989)

Bnefly the L mntracellulans cells were pelleted by centrnifugation at 14 000 x g at 4°C
“& n= The oo lg vera resuspended m 10 mi of TC buffer (1 raM Tas-HCE 0 1 mM
-ZF « z' 80 and centrfuged as before The pellet was then resuspended in 4 mi
[ bufer containing 4 mg/mi lysozyme (Sigma Chermical Co ) and incubated at
7+ 0 20 min SDS and proteinase K (Promega WI USA) were added to final
~an-emt e e of 1% (wiv} and 200 ug/ml respectively and incubation was contiued
at 45°C for 4 hours The lysate was then extracted with an equal volume of phenol,
e n 1 1, and chioroform respectively and the nucleic acids were
-avercd rom the supernatant by ethanot precipitation The peillet was gently
wiseonved in TE treated with RnaseA (Promega W1 USA) at 37°C for 30 min and then
digasted with proteinase K in the prasence of 0 5% (w/v} SDS for 1 h at 50*C  After
anotterre  d 3 _renol chloroform (1 1) and ethanol precipitation the purified ONA
was dissolved in TF  The DNA was then stored at 4 C

EXAMPLE 4

e
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IMMUNOSCREENING OF A L. INTRACELLULARIS LIBRARY USING
EXPERIMENTAL SERA FROM VACCINATED PIGS

1~¢ gencmic DNA from Example 3 was partlally digested with the restricton
=n-jonuclease Sau3A (Promega) and hgated into Lambda ZAP Express (Stratagene
v UEA; The lambda library was plated on a lawn of £ colf XLI-Blue cells at a
dersry ot 1 000 chage forming units (pfu) per 150 mm L-broth agar plate The library
was screened using the method described in the Protoblof Techrical Manual
-~ s 1iS+) The filtors were biocked m blocking buffer (10 mM Tns-HC! pH
> 18N mM NaCl 005%% Tween 20 and 5% blotto ) prior to screening with sera from
the pigs Y12 and/or 395 The pigs Y12 and 395 had previously been immumnised with
formaln-kiflad L infraceliularis and heat-killed [ ntraceflufans, respecuvely as
described in Intarnational Patent Application No PCT/AU96/00767 Positive plaques
identined n the primary screen were picked replated at a lower density and
rescreencd with either or both sera until an individual positive plaque was identified
Plasmid DNA from the posilive jJambda phage clone was isolated by n vivo excision
15 2ecommended by the manufacturer (Stratagene CA USA) Thes clone contained
part ol tyA gene of L intracellulans

EXAMPLE &
ANALYSIS OF L INTRACELLULARIS EXPRESSING PHAGE CLONES

azer 1. UNA from positive AZAP Express phage clones was 1solated by in vivo

xi ~ton by the condibons tecommended by the manufacturer (Stratagene)

Plasmid DNA for rostricticr analysis was extracted by alkaline-lysis as descnbed by
Sambroox ot 2/ ( 389) and for automated sequencing using the High Pure Plasmid
Ki as rescommended by the manufacturer (Boehnnger Mannheim Mannheim,

Germany,

"t e rcleonde cecuence (320 bp) of the 3 region of the tiyA gene of Lawsonia
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intracelluans was obtained from the lambda clone described In Example 4 The
~emaining portion of the tiyA gene was ampiified from L miracelivlans genomic DNA
r e tha Vecta e'te Systam as described by lhe manufaclurers (Genosys

-

- ~erhrologies inc TX USA)

k. 1y lhe Jectoretle System enables the amplficalion of speufic DNA fragments
where the sequence of only one primer 1s known There are three basic steps as
follows
agestion of target DNA (L. miracellvans genomic DNA in thus case) with
a restriction enzyme
W) ligation of synthetic Vectorette ohgonucleotides (o the digested DNA,
and
(. amphfication of the remalning nucleotide sequence of the tiyA gene
using a spectfic pnmer to the known sequence of fiyA obtained from the lambda
c‘one descrbed in Example 4 and a second primer directed toward the hgated

-~ »#t ¢ Vectorette oligonuclaotide
1t =otida sequance of the amplified product containing the tiyA gena was then
DNA sequencing of amplified DNA and Isolated clorna nserts was performed by the
r 1 clhicd of automated sequencing (ABI Biasystems CA USA)
The nucieot de sequence of the complete coding region of the t/yA gene Is set out in
SFQIDNO 2
EXAMPLE 6

IDENTIFICATION OF L INTRACELLUILARIS COMPONENTS

~ = ~32 simlanty of the DNA molecuies encoding putative vaccine candidates
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dentifiad from Example 4 and 5 was identified using BLAST algonthms (Gish and
= 125 1983, 0 seach GenBANK fhe nucleotide sequence set arth herewn as SEQ
1Y NGO 2 and its corresponding deduced armno acid sequence set forth as SEQ ID
7T 1 \{ave sarme degree of sequence simiarnity to hemolysn-encoding genes and

. /1 eptr desy r=spechively that are denved from other pathogenic microorganisms

bm:]

-4 .~ . ot \he Lawsoma intracellulans hemolysin polypeptide are apparent
=-~ 2 compAanson ot the ammo acid sequence of this poly pepude to those from cother

10 meecroorgarusms (Fragure 1)
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EXAMPLE 7
PREPARATION OF BIOLOGICAL MATERIAL FOR
DEPOSIT - AMPLIFICATION OF tiyA

Template DNA was punfied from pig intestinat mucosa isolated from the ileum of pigs

- - +/raca¥lulans  DNA purtication from intestinal mucosa was performed
acsording to the method of Nollau ef &/ (1996) Due to the presence of contaminating
polysaccnandes and other matenal the DNA content of the samples was not
quantified and sampies were used empirically in PCR ampiifications

The PCR amphfications consisted of 1 .l DNA jsolated from infected pig intestinal
mucosa 1 uM each of the forward (RA168 5' AAATAATAAGATGAG 3 SEQ ID
NO 3) and reverse primers (RA169 5 ATAGAATACAAATTATAATAAG 3 SEQID
N 4y 78 units KlenTaqg! polymerase (Ab Pephdes Inc. 5t Lous Missour) 0 075
~'s ~% polymerase (Stratagene Cloning Systems La Jolla Calforma), 1x PC2
~ ~Tanql; buffer and 0 2 mM dNTPs in a 50 ul volume PCR v as camed out 1n 4
we=~ 36 Crn Smm (n) 94°C for 1 min 58°C for 30 seconds 72°C for 2 mun x
33 rycies ()} 72 Cfor 10 min (v) hold at 4°C

P. R/ fragment comprising the tlyA gene of L iniracellulans was subcloned into
LrLR2 1 1OPO (Invitrogen Corp Carlsbad CA) and designated pALK12

DEPOSIT OF BIOLOGICAL MATERIAL

The plasmid pALK12 was deposited with the Amencan Type Culture Collection
{ATCC) at 10801 University Boulevard Manassas VA 20110 USA an 8th Apnl 1999
and was assigned ATCC Accession No 207195

—5F
l,%p
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i CLAIM

An 1soated or recombinant immunogenic polypeptide which compnses
nlIT . 5 GF Cross reacts with a B-cell or T-cell epitope of a Lawsornra spp hemolysin

polypeptide

’ ! b2 1solated or recombinant immunagenic polypeptide of claim 1 capable of
alciting the production of antibodses against Lawsornra spp when admirustered to an

avian or porcmne antmal

3 The isolated or recombinant iImmunogenic polypeptide of claim 1 capable of
conferring a protective immune response aganst Lawsoma spp when adminustered

to an avian or porcine animal

The isolated or recombinant immunogenic polypeptide of claim 2 wherem the
somz sop is | intracellulans

3 fhe isolated or recombinant iImmunogenic polvpephda of claim 3 wherein the

1 aweanis e~n a-eflulans

" An 130lated or recombinant iImmunogenic polypeptide selected from the
tohcwing
(1) a peptde ohgopeptide or polypeptide wihich comprises an amino acd
sequence which has at least about 70% sequence identity overall to the ammo
acid sequence set forth in SEQ ID NO 1
{u) a peptide oligopeptde or polypeptide which comprises an amino acid
sequence having at least about 50% sequence identity overall to amine acld
jes dues 110 S0 of SEQ IDNO 1 or
am a homologue analogue or derivative of {1) or (i) which mimucs a B-cell

~~ cpiope of a Lewsoma spp hemolysin polypeptide

7 The isolated or recombmant immunogenic pelypeptids of clam 6 capable of

)6
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' =3 the oroduchon of antibodies against Lawsorva spp 10 @ porcine or avian

dt T

fa ik - | =combinant ir munogenic polypeptide of ctaim 7 capable of
r .7 IToeschive Inmune response aganst Lawsomna spp 10 a porcine or avian
an mal

9 1he isolated or recombinant immunogenic polypeptide of claim 8 capable of
inducing humoral immunity against Lawsosya spp In a porcine or avian animal

‘2 The solated or recombinant immunogenic. polypeptide of claim 9 capable of
w2 g humoral immunity aganst Lawsoma spp 1N a porcine ammal

1 The 1solated or recombinant iImmunogenic polypeptide of claim 8 wherein the
N0 SPP ISt intracellulans

12 The isolated or recombinant immunogenic polypertide of claim 10 wheremn the
< ~ L ntracaliulans

13  The isolated or recombinant immunogenic polypeptide of claim 6 that compnses
the amino acid sequence set forth in SEQ ID NO 1 or the amino acid sequence
encaded by te hemolysin-encoding nucleotide sequence of pALK12 (ATCC 207 195)
and i1s capable of eliciting the production of antibodies against Lawsoma intraceliulans
when administered to an avian or porcine animal

14 The isolated or recombinant immunogernic polypeptde of claim 13 that consists
wal'y or the amine acid sequence of SEQ ID NO 1 or the amino acid sequence
ded by the hemolysin-encoding nuciectide sequence of pALK12 (ATCC 207195)

»  Inesolated or recombinant smmunogenic polypaptida of claim 13 or 14 capable

of Inducing a orotedt ve rmune respense agamnst Lawsoria intracelliians n a porcine

P
149
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16 The isolated or recombinant )immunogenic polypeptide of claim 15 capable of
- #} = tive wnmune response against Lawsonva mntraceflulans in a porcine

e B Sl }

17  The isolated or recombinant immunogenic polypeptide of claim 6 that compnises
amino ac id residues about 1 to about SO of SEQ 1D NO 1 and s capable of eliciting
the production of antlbodies aganst Lawsonra intracelivians when administered to an
avian or porcine anmal

£ The 1solated or recombinant immunogenic polypeptde of claim 17 that consists
« ¢ entally of about ammno acid 1 to about amino acid 50 of SEQ ID NO 1

! tw isclated or recombinant immunogenic polypephide of clayn 17 capable of
INguUSIng a protective immune response aganst Lawsorna intraceflulans in a porcine
or avian animal

«L. [ne solated or recombinant immunogenic polypeptide of claim 19 capable of
ndur g a protective immune response against Lawsonia infraceffufans n a porcine
animal

21 A vaccine composrhion for the prophylaxis or treatment of infection of an arumal
by Lawsorva spp sad vaccine composition compnsing an effective amount of an
immuneqenic component which comprises an isolated or recombinant polypeptide
~ s ng at least about 70% sequence 1dentity ovarall to the amino acid sequence set
~= n SCQ ID NO 1 or at least about 50% sequence ldentity overall to amine acid

7 ~s 1 1n 50 of SEQ ID NO 1 or an immunogenic homologue, analogue or

#- 2ot wnich s mmunologically cross-reactive with Lawsorma intraceliu/ans

and one or more camers diluents or aduvants suitable for veteninary or

[l el aea i) -~
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T v~ “ine ompoattion according to claim 21 wheren the Lawsoma spp 1s L
intracelfulans

[

; = _sane composition according o clam 22 wherein the immunogemc

- a8~ ~ompnises an isolated or recombinant polypephde that comprises the
amino acid sequence set forth in SEQ ID NO 1 or the amino acid sequence encoded
by the hemolysin-encodmg nuclectice sequence of pALKI2 {(ATCC 207195)

24 Tne vaccine composition of claim 23 wherein the immunogenic component
consists essentially of the amino acid sequence of SEQ ID NO 1

<L The vaccne composition according to claim 22 wherein the immunogenic
« ponem compnses an 1solated or recombinant polypeptide that comprises about
-t o Gt rasidue 1 to gabout amino acid residue 50 of SEQ ID NO 1

26 The vaccine composition of claim 25 wheremn the mnwenogenic companent
s ~ iocut amuno acid 1 to about amino acid 50 or SEQ ID NO 1

2/ A combmation vaccine composition for the prophylaxs or treatment of infection
of an arumal by Lawsoma spp sad vaccine composition comprising
(v) a first immunogenic component which comprises an isolated or recombtnant
polypeptide having at least about 70% sequence identity overali to the amino
acd sequence set forth in SEQ 10 NO 1 or at least about 50% sequence identity
overall to amino acid residues 1 to 50 of SEQ ID NO 1 or an immunogenic
nomologue analogue or derivative thereof which 1s immunologically cross-
reactve with Lawsomva intracellulans
y a8 second immunogenic component compnsing an anbgenic L
2fr cn! yians peptide polypeptide or protein and
} GI L Of more carriers diluents or adjuvants suitable for vetennary or
pharmaceutical use

A

199)
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- s vaccaine vector that compnsas 1n an expressible form an isolated nucleic acid

molecule havinag a nucleotde sequence that encodes an (solated or recambinant

¢ polypepude which compnsas the amino acid sequence set forth in SEQ

2 7 wh thal said immunogenic polypeptide 1s expressible ot a level sufficient

10 zonfe irr munity against Lawsoma spp when administered to a porcine or avian
animal

29 The vaccine vector of claim 28 wherain the immunogenic polypeptide is
expressed using the sleps of
{1} placing an 1solated nucleic acid molecule which comprises the nucleotide
sevuence set forth m SEQ ID NO 2 or degenerate vanant a homologue
analogue or denvative thereof which has at least aboul /0% sequence identity
there*c n operable connection with a promoter sequence
rits sire aucing the isolatled nucleic acid molecule and promoter sequence of step
(a) into the vaccine vector and
1y ~- Joatir J growing or propagating the vaccine vecter for a tone and
~ s~ hens sufficient for expresston of the /mmunogenic polypeptide
== e 1 by said nucleic acid molacuie to occur

30 The vaccing vector of claim 28 wherein the Lawsoma spp 1s L infraceliulans

31 A polyclonal or monocional antibody molecule that 18 capable of binding

specifically to a hemolysin polypeptide or a derivative of a hemolysin polypeptide that

s «nved from Lawsorna spp and has at least about 70% sequence dentity overatl
the armino acid sequence set forth in SFQ 1D NO 1

¥ ntibody molecule of claim 31 wherein the hemolysin polypeptide or

~ s aecf compnses the amino acid sequence et forth n SEQ ID NO 1

: 11y motecule of claim 31 wheremn ths hemolysin polypeptide or
+ 1 ereof comprises about amino acid 1 to about aminc acld 50 of SEQ (D

+

- Fd
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- A mathod of diagnosing infection of a porcine or avian animal by Lawsoma
v Aceliufans or a microorgarusm that 1s immunologically cross-reactive thereto said
method compnsing the steps of contacting a biolegical sample denved from said
animal with the anubody molecule of claim 31 for a tme and under conditions sufficient
for an arngen antibody complex to form and then detecting said complex farmation

35 The method of claim 34 wherein the biological sample compnses whate serum
n mph nodes ileum caecum small intestine large intestine faeces or a rectal swab
= 1yad from a porcing animail

& A mathod of identifying whether or not a porcine or avian aniwnal has suffered
ron a past nfechon or 1s currently infected with Lawsona intraceliulans or a
microorganism that 1s immunologreally cross-reachive therato said method comprising
i 1o serm denved from said anmal with the immunogeanic polypeptide
- - ~- a time and under conditions sufficient for an antigen antibody complex

to tcrm - ~d hen detecting said complex formation

37 Anso'ated nucleic acid molecule which comprises a sequence of nucleotides
that encodes or is complementary to a nuclieic acid molecule that encodes a peptide
Jlgopeptide or palypeptide selected trom the foilowinyg
(" a peptide ohgopeplde or polypephde which compnses an amino acid
sequence which has at least about 70% sequence identity overail to the amino
acid sequence set forth in SEQ ID NO 1
'\ A peptide oliqopeptide or polypaptide which compnses an amino acld
sea~uence wshich compnses an amino having at least about 50% sequence
dentity overall to amino acid residue 1 to about amino acid residue 50 of SEQ
i p R AL R
a2 namolngue analogue or derivative of (1) or (it) which mimics a B cell
or I-cell epitope of Lawsoria Spp
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38 The solated nuciaic acid molecule of claim 37 wherein the peptide aligopeptide

-r% 13 coirprises the amino actd sequence set forth n SEQ 1D NO 1 or the
=~ n acd sequence encoded by the hemolysin-encoding nucieoctide sequence of

4]

c= <1.+ATCC 207195) or about amino auid residus 1 10 about amino acid residue

50 thareof or a B-cell epitope or T-cell epitope thereof

39 Tne 1solated nucleic acd molecule of clam 38 compnsing the nucleotide

sequence set forth In SEQ ID NO 2 or a complementary nucleotide sequence thereto
or 3 degenerate vanant thereof

d I isclated nuclewc acid malecule of claim 39 consisting essentially of the

~ claciide sequence of SEQ ID NO 2 or a degenerate vanant thereof

41 The 1solated nucleic acid molecule of claim 38 comprising that portion of the
porlnnadn e~ -0 e r fSFQ 0D NO 2 cr a degenerate vanant tnereof which encodes
31 09 agid residue 1 to about amino acid residue S0 of SEQ ID NO 2

4, The isalated nucleic acid molecule of clam 41 consisting essentiatly of that
portinn of - nucleotide sequence of SEQ ID NO 2 or a degenerate varniant thereof
which encodes about amino acid residue 1 to about amino acid residue 50 of SEQ ID
NO 7

43 A method of detecting ! awsoma mnfracellufans or related microorgarism In a
- clogicat sample derived from a porcine or avian arumal subject sald method
u prising the steps of hybridising one or more probes or primers denved from the
-uZ 2onde =equence set forth in SEQ ID NO 2 or a complementary nucleotide
ser -=» +rretd> to said sample and then detecting satd hybnidisation using a
detection rmeans

~ T-a r~thad of claim 43 wherein the biologecal sample comprises whole serum,
n o n~ins neum caecdm small intestine (arge intestine faeces or a rectal swab
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4L The method of claim 44 wherein the detection means comprises any nucleic acid

bas=a hybndisation or amphfication reaction

46 A prabe or primer having at least about 15 conbiguous nucleotides in length
derived from SEQ ID NQ 2 or a complementary nuclaotide seqquence thereto

a? A plasmid designated pALK12 (ATCC Accession No 207195)
7 The combinalion vaccine composition according to clalm 27 wherein the second

I TNAgoNIc component compnses an antgenic L infracelivians pephde polypeptide
or or &1 selected trom the group conststing of SodC OmpH FIgE and autolysin
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ABSTRACT

i 2~ prgsent invention relates generally to therapeutic compositions for the treatment
="wdior orophylaxis of intestinal disease condiions 1n arumals and birds caused or
exacerbated by Lawsoria miracellulans or simiar or otherwise refated microorganism
ln partcu ar the present invenhon provides a novel gene denved from Lawsonre
intracellulans which encodes an immunogenic hemolysin peptide polypeplide or
protewn that 1s particularly useful as an antigen in vaccine preparation for conferming
-u- aral i'mmunity against Lawsomia infracellufans and related pathogens in anmimal
hasts The present invention 1s also diected to methods for the treatment and/or
1 v wnylaxis of such intestinal disease conditions and to diagnostlc agents and

-~ ~*1 -5 y0or detecling Lawsonia /ntracellulans or similar or otherwise related
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contrato con una agencia del Gobierno de los Estados Unidos?
X) No
() Si Elnombre de la agencia del Gobierno de los Estados Unidos y el numero

del contrato son (en blanco)

SOLICITUD PROVISIONAL DE PATENTE
CARATULA
Caso No DAVIE70 001PRF
Fecha Mayo 13, 1999

Pagina 2

(X) Favor enviar la comrespondencia a

Dantel E Altman
Knobbe, Martens, Olson & Bear, LLP
620 Newport Center Dr, 16" Floor
Newport Beach, CA 92660
Presentado respetuosaments,
(Fimado)
Daniel E Altman
Registro No 34,115
£ \DOCS\DEA\DEA-1178 DOC ke
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 cuat se deja copia en los archivos de
esta oficina para su confrontacion y a la cual me remito M
Lo
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TRADUCCION OFICIALNo 807 1 5
5 JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C (DONEIDAD 045
IVERSIDAD NACIONAL DE COLOMBIA



& s

Habiendo as) espec almente descnito y determinado la naturaleza de la

REIVINDICACIONES

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 polipept do iInmunogene recombinante o aislado que comprende
imitactones o reactivos en ferma crizada con un epitope de células B o celulas T
de un polipeptidc de hemolisina de Lawsonia spp

2 El polipéptido inmunogeno reccmbinante o aislado de acuerdo con la
reivindicacion 1 capaz de producir la produccion de anticuerpos contra Lawsonia
spp cuando se administra & un ave o puerco

3 El polipephtiio inmunogeno recombinante o arslado de acuerdo con la
reivindicacion 1 capaz ce conferr ura respuesia inmune protectora contra
Lawsonia spp cuando se adminisira a un ave o puerco

4 E! polipeplido inmunogeno recombinante o aislado de acuerdo con la
rewvindicacion 2 en donde la Lawsomia spp es L intraceliulans

5 EI pollpeptld_o iInmunogeno recombinante o aislado de acuerdo con la
reivindicacion 3 en dongg la Lawsonia spp es L intracellulans

6 Un pohpeptido inmunogeno recombinante o aislado seleccionado entre
lo que sigue

(1) un peptido oligopeptido o polipeptido que comprende una secuencia
de aminoacidos que tiene por lo menos aproximadamente 70 % de identidad de
secuencia total con la secuencia de aminoacidos expuesta en SEC ID NO 1

(r) un peptido oligopeptido ¢ polipeptido que comprende una secuencia
de aminoacidos que tiene por lo menos aproximadamente 50 % de identidad de
secuencia con aproximadamente los residuos aminoacides 1 a 50 de SEC ID NO
1,0

(m) un homologo analogo o derivado de (1) o (n) que imita a un epitope

de celulas B o celutas C de un polipeptido de hemaolisina de Lawsonia spp
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7 EIl pohipeptico inmunogeno recombinante o aislado de acuerdo con la
reivindicacion 8 ca. =z fe causar la produccion de anticu2-pos contra Lawsonia
SpPp en un ave o puerco

8 EI polipeptido inmunogeno recombinante o aislado de acuerdo con la
reivindicacion 7 capaz de confenr una respuesta inmune protectora contra
Lawsonia spp en un ave O puerco

9 El polipeptido inmunogeno recombinante o aislado de acuerdo con la
reivindicacion 8 capaz de inducir inmuridad humoral contra Lawsonia spp en un
ave o puerco

10 El polipeptido inmunogeno recombinante o aislado de acuerdo con la
reivindicacion § capaz de inducir infrunidad humoral contra Lawsonia spp en un
puerco

11 EIl polipeptido iInmunogeno recombinante ¢ aislade de acuerdo con la
reivindicacion 8 en donde la Lawsonia spp es L intracellulans

12 EIl polipeptido inmunogero recombinante o aislado de acuerdo con la
rewvindicacton 10 en donde la Lawsonia spp es L intraceliulans

13 El polipeptdo mmunogeno recomb nante ¢ aislado de acuerdo con la
revindicacion 6 que comprende la secuencia de aminoacidos expuesta en SEC ID
NO 1 o la secuencia de amincacidos codificada por la secuencia de nucleotidos
que codifica a la hemolisina de pALK12 (ATCC 207195) y es capaz de inducir ia
produccion de anticuerpos contra Lawsonia intracellulans cuando se administra a
un ave o puerco

14 E| polipeptido Inmunogeno recombinante o aislado de acuerdo con la
reivindicacion 13 gue consiste esencialmente en la secuencia de amincacidos de
SEC ID NO 1 o la secuencia de aminoacidos codificada por la secuencia de

nucleotidos que codifica a la hemolisina de pALK (ATCC 207195)
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15 El polipeptido inmunogeno recombinante o aisiado de acuerdo con {a
reivinaicacion 13 o 14 capaz de inducir una resouesta Inmun2 protectora contra
Lawsonia intracellulans en un ave o puerco

16 El polipeptido inmunogeno recombinante o aisiado de acuerdo con ia
reivindicacion 15 capaz de inducr una respuesta nmune protectora contra
Lawsonia intracellularis en un animal porcino

17 EIl polipeptido inmunogeno recombinante ¢ aislado de acuerdo con la
reivindicacion 6 que comprende los residuos aminoacides aproximadamente 1 a
aproximadamente 50 de SEC ID NO 1 y es capaz de inducrr la produccion de
anticuerpos contra Lawsonia intracellulans cuando se admmnistra a un ave o
animal porcind

18 Cl polipephido mmuncyeno recombinante o aislaco ce acuerdo con la
reivindicacion 17 que consiste esencialmente en aproximadamente el ammoacido
1 hasta aproximadamente el aminoacido 50 de £S5 1D MO 1

19 E! polipeptido irmuncgeno recombinante ¢ aislado de acuerdo con ia
reivirdicacic~ 17 capaz de inducr una ressuesta nmung protectora contra
Lawsonia intracellulans en un animal porcino o ave

20 E. polipeptido Inmunogeno recombinarte o aislado de acuerdo con la
reivinaicacion 19 capaz de inducr ura resg.esta mun: protectura contra
Lawsonia intracellulans en un arimal porcino

21 Una composicion para vacunas para {a prcfilaxis o el tratamiento de
infeccion de un amimal por Lawsonia spp , comprendiendo dicka composicion de
vacuna una cantidad efectiva de un componente inmunogeno e! cual comprende
un polipeptido aislada o recombinante qu e tiene por lo menos aproximadamrente
70 % de 1dentidad de secuencia total con la secuencia de aminoacidos expuesta
en SEC ID NO 1, o por io menos aproximadamente 50 % de identidad de

secuencia total con tos residuos aminoacidos 1 a 50 de SEC ID NO 1 o un
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homologo analogo o su derivado Inmunogeno que es iInmunologicamente reactivo
en forma <ruzada con La vsomia intracellulans y uno o mas portadores diluyentes
0 adyuvantes adecuados para uso veterninano ¢ farmaceutico

22 La composicion para vacunas de acuerdo con la rewvindicacion 21 en
donde la Lawsonia spp es L intracellulans

23 lLa composicion para vacunas de acuerdo con la reivindicacion 22 en
donde el componente inmuncgenc comprende un polipeptido aislado o
recombinante que comprende |la secuencia de aminocacidos expuesta en SEC 1D
NO 1 o la secucricia C2 aminoacidos codificada por la secuenciz de nucleotidcs
que codifica a la hemolisina de pALK12 (ATCC 207195)

24 La composcion para vacunas de acuerdo con la reivindicacion 23 en
donde el componente Inmunogeno consis*e esencialmene en la secuencia de
aminoacidos de SEC ID NO 1

25 La composion pera vacunas de acuerdo con la rers ndicacinn 22 en
donde ! componert'~ 1nmunogerd comprencs un golipertido asfado o
recombinante g.e corprend2 aprov nadamente al residuo amincacido 1 has a
aproximedamen.2 el residuo aminoacido 50 de SEC ID NO 1

25 La composicion para vacJnas de acuerdo con la rewindicaciun 25 en
donde e componente .\nmuntyeno consisie esencialmen en aproximadamen.e
el aminoacido 1 hasta aproximadamente el aminoacido 50 de SEC ID NO 1

27 Una composicion para vacunas de combinacion para la profilaxis o el
tratamierto de |2 infeccion de un animal por Lawscnia spp comprendiendo dicha
COMpOSICION para vacunas

() un prnmer componente mmmunogeno que comprende un polipeptido
aislado o recombinante que tene por lo menos aproximadamente 70 % de
identidad de secuencia total con la secuencia de aminoacidos expuesta en SEC

ID NO 1 o por lo menos aproximadamente 50 % de identidad de secuencia total
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con los residuos amincacidos 1 a 50 de SEC ID NO 1 o un homologo analogo o
dernado inmunogeno de la misma que es inmunologicamente reaz.ova en forma
cruzada con Lawsonia intracellulans

{t) un segundo componente inmunogenc que comprende un peptdo
polipeptido o proteina de L intracellulans antigenc y

(m) uno o mas portadores diluyentes o adyuvantes adecuados para uso
vetennario o farmaceutico

28 Un vector para vacunas gque comprende en una forma expresable,
una molecula de acido nucleico aislada que hene una secuencia d2 nucleotidos
que codifica un polip2ptido iInmunogeno recombinante ¢ aislado que comprende la
secuencia de aminoacidos expuesta en SEC ID NO 1 de modo que dicho
polipeotida inmunoger es expresable a un nirel suficiente para conferr
inmL ~idac ~ontra Lawsor a spp cuand? se administr a un £~ imal percino o ave

29 El vectar pa~a vacunas de acuerdn con |2 rewvind'cacior 28 en donde
el polipept L.o Inmunogeno se expresa L*4izanco los pasos de

(1) colocar una molec.!a de acido rucleico aslacz que comprende la
secucsncia ce nuc'cchido. expuesta en SEC ID NO 2 o una vananie degenerada
un nomolugo analogo o derivado de la misma que tiene p;r lo menos
aprcamadamente 70 % de identidad de secuenca a la misma en conexion
operable ccn una secuencia promotora

(n) mtroduc r la molecula de acido nucleico aiclada y secuencia promotora
del paso (a) en el vector para vacunas y

() ncubar, cultivar o propagar el vector para vacunas durante un tiempo
y bajo condictones suficientes para que se prcduzca la expresion cel polipeptido
inmunogeno codificado por dicha molecula de acido nucleico

30 El vector para vacunas de acuerdo con ia reivindicacion 28 en donde

la Lawsonia spp es L intracellulans
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31 Una molecula de anticuerpo policlonal o monoclonal que es capaz de
unirse especificamente a un polipentido de hemolsina 0 un dervado de un
polipeptido de hemolisina que es dertvado de Lawsonia spp y tiene por |o menos
aproximadamente 70 % de identdad de secuencia total a la secuencia de
aminocacidos expuesta en SEC ID NO 1

32 La molecula de anticuerpo de acuerdo con la rewvindicacion 31 en
donde el polipeptido de hemolisina 0 su derivado comprende la secuencia de
aminoacido expuesta en SEC ID NO 1

33 La molecula de anticuerpo de acuerdo con la reivindicacion 31 en
donde el polipeptido de hemohsina o su derivado comprende aproximadamente al
aminoacido 1 hasta aproximadamente el aminoacido 50 de SEC ID NO 1

34 Un metodo p=ra el chagros co de 'a infecc on de .n an,~ al porcino o
ave por La» ~oma ir*racellulans ¢ un microorganismo gue es Imur wiogicamente
reac. o en forma cruzada ccn la misma comprendienuo dicho meiodo los pasos
de puner e1 contacio una muestra biologica denvaca de c:cho anmal con ia
molecula de anticuerpo de la rewindicacion 31 curante un tierpo y bajo
condiz ones suficicrizs para quo se forme un compli;o antigeno anticuerpo y
luego detec'z=ndo dicha forinacion de complejo

35 ' metodo de acuerc'o con '3 rewvindicac.2~ 34 e~ dond2 la muestra
biologica cemprende suero entero nodulos hnfatess iecn  intestino ciego
intestino de'gado, ntestino grueso, matena fecal o una torunda rectal denvado de
un ammal porcino

36 Un metodo para identificar st un animal porcino o ave ha sufndo o no
de ura infeccion pasada o esta actualmente infectado con Lawsonia
intracellulanis o un microorgarismo que es inmunologicamente reactivo en forma
cruzada con la misma comprendiendo dicho metodo poner en contacto sangre o

suero denvado de dicho amimal con el pohpeptido inmunogeno de acuerdo con la
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reivindicacion 1 durante un tiempo y bajo condiciones suficientes para que se
forme un complejo artigeno antcuzsrpo y luego detectar dcha fermacion de
complejo

37 Una molecula de acido nucleico aislada que comprende una
secuencia de nucleotidos que codifica o es complementaria a una molecula de
acido nucleico que codifica un peptido oligopeptido o polipeptido seleccronado
entre lo sigutente

(1) un peptido chgopeptido o polipeptidc que comprende una

secuencia de aminoacidos que tiene por 10 menos aproximadamente 70 % de
dentidad de secuencia total con ia secuencia de aminoacides exouesta en SEC
IDNO 1

(1) un peptda ol jepeptdo o colipeg do qu2 com..end2 una sazuencia
de amincatdos que comprende un amino yue tsre gor I mencs
aproxumadainente 50 % de idenudad de secuencia total con el residuo aminoacico
1 ha- a aproximadamente el res Juo aminoacido 50 de SECIDNO 17 o

(w) un honologo, analczo o cznvado Je (1) o (1) gueim a a un apitope
de cclulas B o celulas C d= Lav-onmia s—p i

3t La molecula de acido nucleico aislada we acverdo con la
rewi~2icaccn 37, on dorde el peptido oligopaptido © pougepticc comprende 1a
secu~ncia ¢2 aminoacidos expuesta en SEC ID NO 1 o la secuencia de
aminoacidos codificada por [a secuencia de nucieotidos que codifica a la
hemansina ae pALK12 (ATCC 207195) o aproximadamente el residuo aminoacido
1 hasta aproximadamente el residuo aminoacido 50 de la misma o su epitope de
celulas B o el epitope de celulas T

39 La molecula de acido nucleico aislada de acuerde con la

rewvindicacion 38 que comprende fa secuencia de nucieotdos expuesta en SEC ID
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NO 2 o una secuencia de nucleotidos complementaria a la misma © su variante
degenerada

40 La molecula de acdo nucleico aslada de acuerdo con la
revindicacion 39 que consiste esencialmante =n |la secuencia de nucleotidos de
SEC ID NO 2 o su vanante degenerada

41 La molecula de acido nucieico aslada de acuerdo con la
reivindicacion 38 que comprende esa porcion de la secuencia de nucleotidos de
SEC ID NO 2 o su varnante degenerada que codffica aproximadamente el
residuo aminoacido 1 hasta aproximadamente ef residuo aminoacido 50 de SEC
IDNO 2

42 La mo'zcula de acido rucleico aslada de acue do con la
raivind czcion 11 qur cons 5t2 essid1a s =nte e~ esa Crelon ce la secuencia de
n.cleoudos ¢2 SEC 1D WO 2 o su vanante aegenerada gue codifica
aproxin.adamente el residuo amrioacidne 1 hasta aproximadamer*se el residuo
amrnoactdo S0 de SEC ID NO 2

43 Un metoro parz detec'sr Le rsonia intraczliulans o m:c:—oorganlsmo
refacionado en una m .estra tiologrca de sada ce un sujeto arimal pLICIND O ave,
comprendienao dicho metcdo lcs pasos de hibrides una 0 mas sondas o
cebadcres denvados ce la secuencia de nuclectidos exouesta en SECIDNO 2o
sJ4 secuencia de nuc 2otidos complemertana a dicha muestra y luego detectar
¢ cha hibndacion utilizando un mecio de deteccion

44 £l metodo de acuerdo con la reivindicacion 43 en donde la muestra
biologica comprende suero entero nodulos linfaticos ilton, intestino ciego,
intestino delgado intestino grueso, matena fecal o una torunda rectal derivado de

un animal porcino
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45 El metodo de acuerdo con la reivindicacion 44 en donde el medio de
deteccion comprenae cualquier hibndacion basada en acido nucleico o reaccion
de ampiificacion

46 Una sonca o cebador que tiene por lo menos aproximadamente 15
nucleotidos contigucs de fongitud denvados de SEC ID NO 2 o su secuencia de
nucleotidos complemeritaria

47 Un plasmido designado pALK12 (No de Acceso del ATCC 207195)

48 La composicion para vacunas de combinacion de acuerdo con la
reivindicacion 27 en donde el segundo componente inmunogeno comprende un
peptido pohpeptido o proteina de L intracellulans antigeno selecciuiado entre el

orupo que corsiste en SodC OmpA FIgE y autolisina
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