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E-MAIL: clarkemodet@clarkemodet.com.co
SANTAFE DE BOGOTA, A.A. 92397

S.

Recioarios 3
Fecha i

D.

COD:08

PIG RESEARCH AND DEVELOPMENT CORPORATION
PFIZER PRODUCTS INC.

ASUNTO: PRESENTACION PRIORIDAD

DILIA RODRIGUEZ D°ALEMAN, en mi condicion de apoderada de la sociedad solicitante,

en esta oportunidad por el presente escrito me permito presentar:

. Copia certificada de la prioridad provisional reivindicada de Estados Unidos
N° 60/133.989 de Mayo 13 de 1999.

. Traduccién al Espariol de la mencionada prioridad.

) Por cuanto la prioridad reivindicada fue inicialmente presentada a nombre de

personas diferentes a los actuales solicitantes, presento en tiempo copias :
auténticas y legalizadas de los respectivos documentos de cesion. \

, .

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

“Ruego a usted continuar con el presente tramite.

Serior Jefe,

e

DILIA RODRI
CCR/srT
P- 338

EZ D'ALEMAN
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TO ALL WHOM THESE PRESENTS SHALL COME

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

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

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

of May Two thousand.

" RANLL  NaTA~NA | anoficer

Of the of F AR
DO HEREBY CERTIEY frat e mm« Ausirale,

HeAw toTE

W"’U the above/belowiattached ’
mmmmmmmmmwd —
Mpglon,  Hea TH@TE /
Notary City of Sypoiey - g - —
m!hoSta?eof NEN é‘-eU'l‘H Watée , and \‘O(_,Q

the Officiad Seai of the said ____—

n wmﬁm ither | nor HEA DQPVHQMCM‘,,‘&.““" o. NOr
Mk ry Saisent a1 P sty o o com o Notavy Public
Sydney, Nevi South Wales
under my hend and the the Department of : '
Affai i
Fore mmﬁ and T(T; gs)lg (/k dayol My Australia
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CUN:VERSIDAD NACIONAL DE COLOMBIA
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EL CONSULADO DE COLOMBIA EN
SYDNEY '2/7 /6/@0

Previa la confrontacion
correspondiente DA FE de que
la firma que aparece en este
documento es similar a la
REGISTRADA aqui por_Rarsy YATAG™A,
OAC Gl OB DEPHBRTPIeENT> B RELATIONES
v b CortERLE -’Y&ZGOU:QME'r; VST -

: IMPUESTO DE TIMBRE: US$2.00
DERECHOS CONSULARES: US$=




ASSIGNMENT

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

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

AND

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

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

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

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

3. This Assignment Witnesses that, in consideration of ONE DOLLAR ($1.00),
the receipt of which is hereby acknowledged, the ASSIGNORS hereby sell, assign,
transfer and set over to the ASSIGNEE the exclusive rights, titles and interests to have
and to hold, use, exercise and enjoy said inventions and any and all Patent 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, retssue or
substitute thereof for the full term or terms for which the same may be granted;

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

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

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

LaefE 8
TRADUCCION OFICIAL NO. S
JUAN PABLO PIEDRAHITA AGUILERA

TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA
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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:  fus{ ol Dova P T MANSELA
Title:
+hL
DATED this W pAYof OJobe~r 1999

M Hpre_

Name: Detlef HASSE

Witness: 7%
Name: Meri ,‘}t::/ v
Title: Snér Scikunit

DATED this _ FiFth DAY of Ocrober - 1999.

For and on behalf of the ASSIGNEE:

STATE OF VICTORIA as represented by its

DEPARTMENT ©OF NATURAL RESOURCES AND ENVIRONMENT
by its authorized officer whose signature

appears opposite hereto: ﬂe,/

Name: °
7 Title: Aechiie frec
Witness: Mo (A .
Name: / Aqcicemnse &L’CE XEFFGHD
Title: V4 /A R Gisicrduinet stz
DATED this ___ /7 DAY of __ MOVEHIEL 199,
P:\OPER\MRO\MPDHDNRE.ASS - 27/9/99 . ' ia-:; i-: 6 0

TRADUCCION OFICIAL Ne.
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SCHEDULE
COUNTRY APPLICATION TITLE DATE FILED
No.

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

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

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

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

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

TRADUCCION OFICIAL No.

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

26/16 @
E—————

JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL

C. IDONEIDAD 045

UNIVERSIDAD NACIONAL DE COLOMBIA \
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TRADUCCION OFICIAL No. 00/160 de un documento escrito en inglés, el cual para 4‘4‘2
su identificacion se sella con el seflo del traductor al tiempo con la presente. Esta
traddccién ha sido preparada por Juan Pablo Piedrahita Aguilera, Traductor e
Intérprete Oficial debidamente reconocido de conformidad con el Certificado de
ldoneidad Profesional No. 0045 expedido por la Universidad Nacional de Colombia.

(Se traduce un documento de Cesién de derechos, propiedad y participacién sobre la

Solicitud de Patente, otorgado por Michael PANACCIO y Detlef HASSE a favor de el

ESTADO DE VICTORIA representado me’ su DEPARTAMENTO DE RECURSOS
NATURALES Y DEL MEDIO AMBIENTE, escrito en inglés.)

A TODQOS A QUIENES ESTOS PRESENTES LLEGAREN

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

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

(Sello Notarial en Relieve)

(Firmado)

Notario Publico

Sydney, New South Wales

TRADUCCION OFICIALNO.0 Z 1 6 g 1
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR B INTERPRETE OFICIAL
C. IDONEIDAD 045
JNIVERGDAD NACIONAL DE COLOMBIA
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Australia

Sello a tinta: Yo, Ranu Vatana, funcionario del Departamento de Relaciones

Exteriores y Comercio, Australia, POR EL PRESENTE CERTIFICO que la firma de M.

Heathcote, fa cual aparece en los documentos antériores/adjuntos/al respaldo del

presente es la firma auténtica de Marion Heathcote, Notario Publico fesidente en la

ciudad de Sydney, en el estada de New South Wales, Australia y que el sello
. estampado es el Sello Oficial del mencionado Marion Heathcote. Al certificarlo, ni Yo

ni el Departamento avalamos ni hacemos declaracion alguna en relacién con la

exactitud del contenido del documento.

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

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

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

Australia, {Firmado])

CESION
e ENTRE:
Los CEDENTES: (i) Michael PANACCIO, ciudadano Australiano
de: 122 Hill Road, North Balwyin, Victoria 3104, Australia; y
(i) Detlef HASSE, ciudadano Australiano,
de: 4 Scullin Court, Sunbury, Victoria 3429, Australia;
Y
El CESIONARIO:
ESTADO DE VICTORIA representado por su DEPARTAMENTO DE

RECURSOS NATURALES Y DEL MEDIO AMBIENTE, de: 8

TRADUCCION OFICIALNo, 8 8 / 16 9 2
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
JNIVERSIDAD NACIONAL DE COLOMBIA
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En relacién con {as invenciones divulgadas en las solicitudes de patente enumeradas

Nicholson Street, East Melbourne, Victoria 3002, Australia;

en el Anexo adjunto al presente.

POR CUANTO:

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

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

4. Los CEDENTES por el presente convienen en que no ha habido ni habra
cesién, 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 ademas se comprometen a suministrar a el CESIONARIO,

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

TRADUCCION OFICIAL No. 0_9__/__1_5_0 .3
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
HIVERSIDAD NACIONAL DE COLOMBIA
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relacionados con las solicitudes de patentes, con las invenciones y con los
Certificados de Patente que puedan ser conocidos y a los cuales puedan tener
acceso los CEDENTES, y dara fe de los mismos en cuanto a cualquier interferencia o
litigio relacionados con los mismos, y suscribird y entregard con prontitud a el
CESIONARIO o a sus representante legal cualesquiera y todos los documentos,
instrumentos o declaraciones juramentadas que se requieran para solicitar, obtener,

. mantener y hacer cumplir aquellas solicitudes, aquellas invenciones y aquelios

Certificados de Patente que puedén ser necesarios o deseables para desarrollar los

propdsitos del presente con cargo al CESIONARIO o al titular subsiguiente. |

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

CESION:

Por y en nombre de los CEDENTES:

(Firmado)

Nombre: Michael PANACCIO

Testigo: (Firmado)

Nombre: Jim Parsons

Cargo: Gerente de Desarrollo de Negocios

Con fecha hoy 11 de Octubre de 1999.

(Firmado)

Nombre: Detlef HASSE

Testigo: (Firmado)

Nombre: Meri Sinistaj

Cargo: Cientifico Principal

Con fecha hoy 5 de Octubre de 1999.

TRADUCCION OFICIALNo8 8 7 16 0 4
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
NIVERSIDAD NACIONAL DE COLOMBIA
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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 Agricu\ltura \
(Selio a Tinta: Bruce Kefford Director Ejecutivo Industrias Primarias)

Testigo: (Firmado)
Nombre: P Mackenzie

Cargo: RPA

Con fecha hoy 17de Noviembre de 1999.
PA\OPERWROWPDHDNRE.ASS-27/9/99

TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
~VERSIDAD NACIONAL DE COLOMBIA

ANEXO
Pais Solicitud Titulo | Fechade
No. Presentacion
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/134,022 | sus usos |
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
80/133,986 | sus usos II
Estados Unidos de América | (en blanco) | Gen novedoso Lawsonia y Mayo 13, 1999 |
sus usos I
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/133,973 | sus usos IV
Estados Unidos de América | USSN Gen novedoso Lawsonia y Mayo 13, 1999
60/ 133,989 Sus usos V \
TRADUCCION OFICIALN0.9 0/ 16 0
JUAN PABLO PIEDRAHITA AGUILERA 5,
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PAOPER\MRO\WMPDHDNRE.ASS-27/9/99

En espariol, autenticacién de la firma del funcionario del Departamento de Relaciones
Exteriores y de Comercio de Melbourne, Australia No. 128/00 de Junio 1,
2000.Pagados el Impuesto de Timbre y Derechos Consulares por US$22.00)
Autenticacién por el Ministerio de Relaciones Exteriores Nimero 09742/8 de Julio 18

del 2000, suscrita por el Jefe de Legalizaciohes.

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

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

Santafé de Bogota, Agosto 3 del 2000.

/A WA

TRADUCCION OFICIAL No. 8.8/ 18 6
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE QOLOMBIA




PA 244616

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

May 08, 2000

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMEN'i‘S TO BE GRANTED A
FILING DATE UNDER 35 USC 111. '

APPLICATION NUMBER:  60/133,989
FILING DATE: May 13, 1999

By Authority of the
L. COMMISSIONER OF PATENTS AND TRADEMARKS

e
H. PHILLIPS

TRADUCCION OFICIAL No. 2159 Certifying Officer
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR & INTERPRETE OFICIAL
C. IDONEIDAD 045
NIVERSIDAD NACIONAL DE COLOMBIA
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This is to inform you that the document requested in your order dated 05-01-2000 is a true reproduction of the
official office record copy of that document: ;
60133989  CERTIFIED PAT APP AS FILED-EXPEDITE-PSF 11

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

. pages/papers may be ordered separately.

E/ The enclosed document is a reproduction of the best available source of the official office record copy of that
document. -

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

Mailing Address: Delivery Address:

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

Office of Public Records, Customer Service Office of Public Records, Customer Service
Crystal Gateway 4, Suite 300 1213 Jefferson Davis Highway, Suite 300
Washington DC 20231 Arlington VA 22202

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

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

Ref:HP 244616

TRADUCCION OFICIAL No. _C0/ISG '
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA
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PROVISIONAL APPLICATION FOR PATENT

ATTENTION: PROVISIONAL PATENT APPLICATION

Sir:

This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR § 1.53(c).

For: NOVEL LAWSONIA GENE AND USES THEREFOR V
Name of First Inventor: Michael Panaccio
_ Residence Address: 112 Hill road, North Balwyn, Victoria, 3104, Australia
Citizenship: Australian
Name of Second Inventor: Everett Lee Rosey
Residence Address: 457 Route 164, Preston, Connecticut 06365
Citizenship: USA
Name of Third Inventor: Detlef Hasse i
Residence Address: 4 Scullin Court, Sunbury, Victoria, 3429, Australia
Citizenship: Australian
Name of Fourth Inventor: Catherine Wright
Residence Address: 49/422 Cardigan Street, Carlton, Victoria, 3053, Australia
.3 Citizenship: Australian
- Name of Fifth Inventor: Robert Gerard Ankenbauer
Residence Address: 104 Castle Hill Road, Pawcatuck, Connecticut 06379
Citizenship: USA
Enclosed are:
‘ (X)  Application in 73 pages with 4 pages of sequence listing.
x 1 sheet of drawings.
(X) A check in the amount of $150 to cover the filing fee is enclosed.
(X) A return prepaid postcard.
X

The Commissioner is hereby authorized to charge any additional fees which may be required, or

credit any overpayment to Account No. 11-1410. A duplicate copy of this sheet is enclosed.

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

COVER SHEET /,IQ— O
Case No. DAVIE74.001 PRF -
=3 ' Date: May 13, 1999
8——===_ t£ Page 1
S, S———
| c —]
W= o = ‘
B == YASSISTANT COMMISSIONER FOR PATENTS o= || 8
\>==_WASHINGTON, D.C. 20231 2 =2
=7 nes =~
==o0 - =o

KNOBBE, MARTENS, OLSON & BEAR, LLP
62C NEWPORT CENTER DR 1I6TH FLOoCR NEWPORT BEACH, CA 9266C '
(949> 760-0404 FAX (949) 260-9502

TRADUCCION OFICIAL No. _02/134 | o
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA



PROVISIONAL APPLICATION FOR PATENT /} 24
COVER SHEET ‘
Case No. DAVIE74.001 PRF
Date: May 13, 1999

Page 2 \\':i

X) No.

() Yes. The name of the U.S. Government agency and the Government contract number
are: \

X) Please send correspondence to:
Daniel E. Altman
Knobbe, Martens, Olson & Bear, LLP
620 Newport Center Dr., 16th Floor
‘Newport Beach, CA 92660

Respectfully submitted,

aniel E. Altman
Registration No. 34,115

EADOCS\DEA\DEA-1183.D0C ke
051299

TRADUCCION OFICIAL No, _(20/SY
JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E iNTERPRETE OFICIAL

: C. IDONEIDAD 045
L UNIVERSIDAD NACIONAL DE COLOMBIA

KNOBBE, MARTENS, OLSON & 3EAR, LLP
620 NEWPCRIT CENTER DR 16TH FLOOR NEWPORT BEACH, CA 92660
<949) 76C-0404 FAX ($49) 760-9502
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NOVEL LAWSONIA SPP. GENE AND USES THEREFOR V

FIELD OF THE INVENTION

The present invention refates generally to therapeutic compositians for the treatment
and/or prophylaxis of intestinal disease conditions 1n animals and birds caused or
exacerbated by Lawsona intracellufans or similar or otherwise related microorganism.
In particular, the present invention provides a hovel gene derived from Lawsonia
intracellularis which encodes an immunogenic peptide, polypeptide or protein The
colypeptide described herein, designated as sodC, or a peptide homologue, analogue
a1 derivative thereof is particularly useful as an antigen tn vaccine preparation for
conferring humoral immunity agamst Lawsonia intraceliutans and -elated pathogens
in arumal hosts. The present invention is afso directed to methods for the treatment
and/or prophylaxis of such intestinal disease conditions and to diagnostic agents and
procedures for detecting Lawsoria intrace)lulan‘s or simiar or ostherwise reiated

o LIGaT3mS )

GENERAL .

Bibhiographic detzils of the publications numerically referred to in this specification are
coliected at the end of the dgscnptnon, All patents, patent applications, and

publications cited herein are incorporated by reference in their entirety.

Roference hereinafter to “Lawsonia intracellularis” or its abbreviation “L infraceflulans®
mcludes all microorganisms similar to or otherwise related to this microerganism, as
Jescribed by Stills (1591) or Jones ef al (1997) or Lawson et al. {1993) or McOrist ef
24 {1995)

As used herein, the word "sodC”, or the term “sodC gene”, shall be taken to refer to
the gene encoding the SodC polypeptide of the present invention.

uyad herein the term “denved from" shall be taken to indicate that a spectfied
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product, in particutar a macromolecule such as a peptide, polypeptide, protein, gene

i acid molecule. antibody molecule, Ig fraction, or other macromolecule, or
3 naciugteal sampla comprising said macromolecule, may be obtained from a particular
suUrce, arganism, H1ssue. organ or cell, albeait not necessarity directly from that source,

organism, tissue, organ or cell

Throughout this specification, unless the context requires otherwise, the word
“compnse”, or variations such as “comprises” or “‘comprising”, will be understood to
imply the inclusion of a stated step or element or integer or group of steps or elements
~+ nizgers but not the exclusion of any other step or element or integer or group of

siaments or integer

Those skilled in the art wili épprecnate that the invention described herein is
susceptible to variations and modifications other than those specificaliy descnbed. it
15 to be understood that the invention includes all such variations and modifications.

= -wanbnn alsn includes all of the steps, features, compositions and compounds
‘crorend Yo or indicated in this specification, individuatly or collectively, and any and

=it roinbinations or any two or more of said steps, features, compositions and
compounds.

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

szope of the invention, as descrnibed heren.

SACKGROUND OF THE INVENTION

Yhe meat-preducing sector of the agricultural iIndustry is dependant upon the health
of its livestack and there is a need fo maintain disease-free livestock for human
cooce e The ndustry 15 subject to rapid economic downturn in response to
o ate conathions adversely affecting livestock and the quality of meat products

de.:ved therefrom, including those diseases which may potentially be transmitted to
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humans It is impordant therefore, to have well defined treatments and prophyilactic
and diagnostic procedures available to deal with infections or potential infections in

ivastock apimals and humans.

3 Meat products derived from porcine and avian species are significant commercial
products in the agniculture industry. In particular, pigs form a major component of the
meat industry. However, pigs are sensitive {0 a wide spectrum of intestinal diseases
collectively referred to as porcine proliferative enterapathy (PPE). These diseases
nave previously been known as intestinal adenomatesis complex (Barkar and van

16 Deumel, 1985), porcine intestinal adenomatosis (PIA). necratic enteriis (Rowland and
t=az0n 1976), profiferative haemorrhagic enteropathy (Love =nd Love, 1977],
regionai dewtis (Jonsson and Martinsson, 1976), haemorrhagic bowel syndrome
{O'Nenl, 1970), porcine proliferative enteritis and Campylobacter spp - induced 7
enteritis (Straw, 1990). -

Trwr2 are two marn forms of PPE: a non-haemonrhagic form represented by intestinal

adenomatas s which frequently causes yrowth retardation and mild diarrhoea; and a

haemorrhagic form, which is often fatal, represented by proliferative haemorrhagic
b entercpathy [P, where the distal small intestine lumen becomes engorged with
20 blood PPE has been reported in a number of animal species including pigs (McOrist
el a/ 1993), hamsters (Stilis, 1991). ferrets (Fox et al, 1989), guinea pigs (Efweli et al,
1981), rabbits (Schodeb and Fox, 1990) as well as avian species (Mason et a/, 1998).

. T=e causative orgarusm of PPE is 'a Campylabacter-like organism raferred to herein

25 2. lLawsoma mtracellulans” (McOnst ef al, 1995). The orgém.,m has also been
previously referred to as fleaf symbiont intracellularis (Stills, 1991). PPE-like diseases
in pigs may also be caused by other pathogens such as various species of
Campylobacter (Gebhart et al, 1983).

i0 1 aascma intracellulans s an intracellular, possibly obligate intraceliufar, bacterium.

lcan onty be cultured in vifro with tissue culture cells (Jones ef a/., 1997, Lawson ef



.

22 nieOnst ef 3l 1995 International Patent Application No PCT/US96/09578).
U nivacelulsrs is located in the cytoplasm of the villus cells and intestinal crypt celis
of intected animals  Pigs suffering from PPE are characterised by irreqularities in the
vitlus cells and intestinal crypt structure with epithelial cell dysplasia, wherein crypt
absoeesas form as the vith and intestinatl crypts become branched and fill with

inflammatory cells

PPE 15 a significan! cost component associated with the pig industry. especially in
iarms of stock losses, medication costs. reduced growth rates of pigs and increased
fwe:d cosis PPE aiso contributes to downstream indirect costs in, for example.
aghhonat labour costs and environmenta! costs in deahng with antibiotic residue
contamination, and in control measures to prevent the organism fram being passed vofn
or carried to other animals or humans

Lariant control strategies for PPE rely on the use of antibacterials. However, such a
—Uate gy s considarad 1o only be short to medium term, especially since governmental
repulatory pressures tend te discourage animal husbandry practices which involve the
use of prophytactic ent:biotics There 1s a need, therefore, 10 develop effective, safe
and low cost alternatives to the use of antibiotics and, 1n particular, to develop vaccine
preparalions capable of conferring protective immunity against Lawsomna intraceflulans

infection in livestock animals

tna moest effective vaccine preparations are generally comprised of a nighly antigenic
~eeanent, such gs a peptide, polypeplide, protein or cther macromciecule which is
derved from the pathogenic organism against which the vaccine is directed, wherein
said antigenic component produces little or no contraindications when administered
to a susceptible host animal, and produces little or no antigenic cross-reactivity with
de«irahle n-~ac~iepg such as non-pathogenic organisms that are a part of the normat
“osa a2 the intestnsi tract or other tissues of said host animal. In summary, an

sfizciive vaccine oreparation must be immunegenic, specific 2nd safe
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o crdingty there s @ need to identify highly immunogenic antigens produced by the

bacienum { awsorva intracellulans

Intcrnational Patent Application No. PCT/AU96/00767 describes several L.
s nrracellulans partal genetic sequences, and partial polypeplides encoded thereby.
However, there ts a need to further identify polypeptide immunogens produced by the
nzcienum L intracellulans and immunogenic peptides derived therefrom, including
those immunogens which are genus- or species-specific, for use in improved vaccine

someosibons. The presentiy-described inverition provides such immunogens.

TUMMARY OF THE INVENTION
One asbect of the present invention is directed to an isolated or recombinant
immunogenic polypeptide which comprises, mumics or cross-reacts with a B-cell or T~
. an of the SodC polypeptide derived f;om Lawsonia spp. Preferably, the
i foeviant or recombinant immunogenic polypeptide s selected from the group
consisting of the following
{ a peptide, oligopeptide or polypeptide which cocmprises an amino acid
sequence which has at least about 70% sequence 1dentily overall to the amino
acid sequence set forth in SEQ 1D NO-1; '
20 (ii) a pephide, oligopeptide or polypeptide which comprises an amiro acid
sequence having at teast about 50% sequence identity to about ammno acid
residues 1 to about 42 of SEQ 1D NO:1,
{w)  apeptide, oigopeptide or polypeptide which compr.ses at least abcut S
conhiguous amne acids of the amino acid sequence define ' by residues 1 to
about 42 of SEQ D NO:1, or

D
v 1)

(v) ahomologue, analogue or derivative of (i) or (ii) or (iii), which mimics a

B-cell or T-cell epitope of Lawsonia spp.

W 3 preterred embodiment, the polypeptide comprises or consists essentially of the

30 armina acid sequence of SEQ 1D NO-1, or about amino acids 1 to 42 thereof.
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~turthier aspect of the present invention provides a vaccine composition for the
erophyiaxis or treatment of infection in an animal, such as a pig or bird, by L
intracellularis or a similar or otherwise related microorganism, said vaccine
comDAaseT Campnsing an immunologically effective amount of an immunogenic
component which comprises an isolated or recombinant polypeptide having at least
about 70% overall sequence identity to the amino acid sequence set forth in SEQ ID
NG 1. ar at least about 50% overall sequence dentity to amino acid residues 1 to
about 42 ol SEQ ID NO 1 or comprising at least § contiguous amine ac'ds in the

72300 of positions 1 to about 42 of SEQ 1D NO:1 or an immunogenic homdlogue,

© #naingue or derwvative thereof which is immunologically cross-reactive with L.

inmt-scalluisns, and one or more carriers, diluents and/or adjuvants suitable for

velerinary or pharmaceutical use.

< pretarred embodiment, the polypeptide of the vaccine compositionn comprises or
constsis essentrally of the amino acid sequence of SEQ ID NO: 1 or about amino acids

Pt A7 thereof.,

Adrther aspect of the Invention ex’cendé to an immunologicaily interactive molecule,
such as an antibody or antibody fragment, which is capable of binding to the
immunogenic polypeptide of the iInvention
.

A wuriher aspect of the invention provides a method oi diagnosing infechon of an
~nwnal by Lawsonia intracelfularis or a related microorganism, sawd metnod cumprising
the steps of contacting a biological sample derived fiom said animal with an
mmunologically tnteractive molecule of the present invention for a tima and under
conditions sufficient for a complex, such as an antigen.antibody complex, to form, and

o

ate ey sad complex formation.

Avwuriner aspect of the present invention contemplates a method of determining
wnether or not an arumal has suffered from a past infection, or is currently infected,

by Lawsoma infraceilulans or a related microorganism, said method comprising
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<L riacting a lissue or fluid sample, such as blood or serum derived fram said animal.
with the immunogenic polypeptide of the invention for a time and under conditions
sufficient for a cornplex, such as an antigen:antibody complex, to form, and then

detecting said complex formation

A further aspect of the present invention provides an 1solated nucieic acid molecule
winCh compnses a sequence of nucleotides that encodes or is complementary to 2
nucleic acid molecule that encodes, a peptide, oligapeptide of pelypeptide selected
e tne foliowing
{n a peplide, oligopeptide or polypeptide which comprises an amino acd
equence which has at least about 70% overall sequence idenlity to the amino
acid sequence set forth in SEQ ID NO.1; '7
Sy a peptide. oligopeptide or polypeptide which comprises an amino acid
sequence having at least about 50% m)er-a“ sequence identity to amino acid
residues 110 42 of SEQ ID NO:1: or
{iii)  a pephde. oligopeptide or polypeptide which comprises at least about 5
cont-guous amino acids of the amino acid sequence defined by residues 1 to
about 42 of SEQ ID NO:1; or
{(iv) a homologue, analogue or derivative ot (i} ar (ii) or (i), which mirmcs a

B-cell or T-cell epitope of Lawsonia spp.

in a preferred embodiment, the isolaled nucleic acid molecute comprises the
nucieotide sequence set forth in SEQ ID NO:2, or at least that port .n of SEQ 1D NO:
2 encading amino acid residues 1 to 42 of SEQ ID NO: 1 or a degenerate variant

thereo!, has at least about 50% sequence identity to all or a part thereof.

- oL further aspect of the invention provides a diagnostic method of detecting
¢ wvsLmia intracellulans or retated microorgarism in a biological sampte derived from
an animal subject, saild method comprising the steps of hybridising one or more
polynuclectide or ofigonucleotitde probes or primers derived from the nucleotide

sequence scuiorthiin SEQ 1D NO:2 or a compiementary nucleotide sequence thereof
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or & homologue, analogue or derivative thereof, to said sample, and then detecting
said hybridisation using a detection means. The detection means according to this

aspect of the invention 1s any nucleic acid-based hybridisation or amplification

reachan.

A further aspect of the invention provides an isolated probe or piimer derived from

SeQ 1D NO2 or 3 complementary nucleolide sequence thereto

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic representation of a deduced amino acid sequence alignment
ieoous bacenal [Cu; Znj-superoxide dismutase (SOD) polypeptides. Amino acid
s2auences of SodC frorﬁ Lawsonia infracellularis- (L.nt), Escherichia colr (E.coli),
Salmanella typhimunum (S typhi), Photobacterium leiognathi (P.leic), Haemophilus
parainfluenzae (H para), Brucella abortus (B.abo), Actinobacifius pleuropneumoniae
(A pieu) and Legionella pneumophila {L.pney) are shown aligned with each other.
Gaps nava been introduced (o optimise the alignment. Positions contaiming identicat
amino acid with respect to the SodC sequence of L intracelliilaris are shaded.
Residues identical 10 all sequences appear in holdface. Leader peptide sequences are
shown at the top of the Figure in the first grouping The separation pgcint of the leader
oaobde from the mature [Cu. Zn}-SodC polypeptide for L. infraceflularis is proposed
between AlaZé and Cys27  Amino acids that are recogrised as criti . 31 for the function
at hovine SOD (not shown) are each marked with an asterisk The L. intracellulars
SodC sequence (SEQ ID NO. 1) was deduced by translation of the nucieotide
sequence of the SodC gene obtained from clone p98LIS0.

DETANED DESCRIPTION OF THE INVENTION
ir work leading up to the present invention, the inventors sought to identify
immunogenic protems of Lawsonia intracellulans for use in vaccines for the

prochylaxis and treatment of PPE in arumals, including pigs and birds

~

W

~
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Accordingly, one aspect of the present invention is directed to an isolated or
rerombinant immunogenic polypeptide which comprises. mimics or cross-reacts with

a B-cell or T-cell epitope of the SodC polypeptide derived from Lawsonia spp.

Epitopes of Lawsonia spp may be B cell epitopes or T-cell epitcpes. it is well-known
that antibody-binding sites (B-cell epitopes) involve inear as weli as conformational
=ptopas (van Regenmortel, 1992) B-cell epitopes are predomsnantly conformational
ir contrast, T-cells recognize predominantly linear eprtope sequen s in combination

witn MHC class il molecules.

A precise identification and careful selection of epitopes of Lawsonia spp facilitates
e dovclopment of diagnostic reagents and vaccine compositions for the effective
veativient or prophylaxis of Lawsonia- infections Epitope identification and
characicrization (i.e. determination of the molecular weight, amino acid sequence, and
structure of epitopes of Lawsoma spp.) may be performed using art-recognised
trchrques Fer the detection of conformational epitopes, degrading and denaturing
of the opitope molecule must be avoided in order to conserve the three-dimensional
structure, because the antigen-antibody reaction will be dimimnished if the secondary
structure of the epitope is aitered significantly. in practice the characterisation and
isoiation of linear non-conformational epitopes 1s easier, because any immunoreactive
1=0ns are contained within a single peptide fragment or single amino acid <equence

w15 capabie of being purtfied under a range of conditions.

Both non-conformational and conformational epitopes may be dentified by wirtue of
their ability to bind detecrable amounts of antibodies (such as IgM or IgG) from sera
<t zranafs wmmunised agamst or infected with Lawsoma spp and, n particular L.
inirzcellulans, or an isolated polypeptide derived therefrom or, alternatively, by virtue
of their abihity to bind detectable amounts of antibadies in a purified ig fraction derived
from such sera. The antibodies may be dernved from or contained within pools of
poiycional sera. or may be monocional antibodies. Antibody fragments aor recombinant

anttbodies. such as those expressed on the surface of a bacteriophage or virus
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particle. such as in a phage display library, may also be employed.

The determination of T-cell epitopes 1s performed by analysing the ability of the
epitape peplides to mduce the protiferation of peripheral blood lymphocytes or T-cell
cle~as, The identhication of T-cell epitopes is accomplished using a varnietly of methods
&s known in the ant, including the use of whole and fragmented native or recombinant
antigenic proten, as well as the more commonly employed "overlapping peptide”
method. In the latter method. overlapping peptides which span the entire sequence of
a polypeptide derived from Lawsoria spp. are synthesized and tested for their capacity

to stimulate T-cell cytotoxic or proliferative responses 117 vitro.

Structure determination of both conformational non-linear and non-conformational
hnear epitopes may be performed by nuclear magnetic resonance spectroscopy (NMR)
and X-ray crystailographic analysis. The determination of epitopes using X-ray
techriques rcquires the protein-antibody complex to be crystallized, whereas NMR
ailows analysis of the complex in a liquid state. NMR measures the amount of amino

acids as well as the neighbourhood of protons of different amino acid residues,

© wherein the alternating effect of two protons along the carbon backbone is

30

characteristic of a particular epitope.

A successful method to recognize non-conformational linea epitopas is the
rnmunobiot and in particular, the Western blot. Peptides may be generated from a
complete Lawsonia spp. polypeptide by digestion with site-specific proteases, such
as {rypsin or chymotrypsin, and the peptides generated thereby can be separated

W sacdard electrophoretic or chromatographic procedures. For example, after
ele-clrophoresis according to molecular weight using SDS/PAGE (SDS/polyacrylamide
gel electrophorests) and/or according to isoelectric point using IEF (isoelectric
locussing) or alternatively. by two-dimensional electrophoresis, the peptides can be
transrerred e wra~.chihzing nylon or nitroceliulose membranes and incubated with sera
raised against the intact polypeptides. Peptides that comprise iImmunogenic regions

(t = . g-cell o1 T-ceii epitopes) are bound by the antibodies in the sera and the bound



=

10

—
Ny

tJ

- 11 -

aniibodics may be detected using secondary antibodies, such as anti-igG antibodies,
that have been labelled radioactively or enzymatically The epitopes may then be
characterised by purification based upon their size, charge or ability to bind
snecinically to antibodies against the intact polvpeptide, using one or more
tzchniques, such as size-excluston chromatography. ion-exchange chromatography,
atniy chromatography or ELISA among others. After purification of the epitope, only
.:nG Band or spot should be detectable with gel electrophoresis. The i I-terminal or total
- ruencing of the peptide offers the possibiity to compare the peptide with known
protewis in databases.

S.vsoal computer-driven algarnithims have now been devised to search for T-cell
=otepes n proteins {Margaht et al. 1987, Vajda and C. Delisi, 1980; Altuvia et o/,
1994:; Parker et a/. 1894, DeGroot et al ,(1985; Gabri_el et al, 1995, Meister el al., 1995).
These algorithms search the amino acid- sequence of a given prolein for
characteristics believed to be common to immunogenic peptides, locating regions that
are hikely to induce a celiular immune response in vitro Computer-driven algorithms
can dentify regiors of a Lawsonia spp. polypeplide that contain epitopes and are less
+arzbie among different isolates. Altematively, computer-gnven algorntame can raptdly
Henrify regions of each isolate's more variable proteins that should ve mcluded in

e~ =iglent vaccine

The AMPRHI algorithm (Margalit ef a/.,1987), which is based on the periodicity of T cell
epitopes, has been widely used for the prediction of T-cell antigenic sites from
sommmas fmemcdicn alone  Essentially, AMPHI describes a common structurad
patiors of MHC binding motifs, since MHC binding motifs (i.e., patterns of amino acids
‘rat appear to be cammon to most of the peplides that bind to a specific MHC
molacule) appear to exhibil the same penodicity as an alpha helix identification of T-
cell epitopes by locating MHC binding motifs in an aming acid sequence provides an

effective means of identifying immunogenic epitopes in diagnostic assays.

The FriMer algorithm (Meister ef al., 1995; Gabriel ef al., 1995, DeGroot et al, 1995)

o

Ny

127
(3¢
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locaies clustered MHC binding motifs in amino acid sequences of proteins, based
upon the correlation between MHC binding motif-dense regions and peptides that may
nave the capacity to bind to a variety of MHC molecules (promiscuous or
muetii-determinant binders) and to stimuiate an immune response {n tnese various MHC
Tzawextn as well {premiscuous or multi-deierrinant epitopes). The EpilMer algorithm
.55 g library of MHC binding motifs for multiple class | and class il HUA allefec to
skl antigenic sites within a protein that have the potential to induce an immune
respense in subjects with a variety of genetic backgrounds. EpiMer locates matches
to each MHC-binding motif within the primary sequence of a given protein antigen. The

etz dangity ot thzse motif matches is determined along the tength of the antigen,

prote:n regions in this histogram with a motif match density above an algorithm-defined
cutoff density value, and produces a hst of subsequences representing these

ciustered, o1 motf-rich regions. The regions selected by Epitier may be more likely

$ 1o act as mutth-determinant binding peptides than randomly chosen peptides from the

same antigen, due to their concentration of MHC-binding motif matches. The selection
ot regrons that are MHC binding motif-dense increases the: likelihood that the predicted
peplide contains a "vahd' mott, and furthermore, that the reiteratior of identical motifs

-2y contribule tc peptide binding

Additonali MHC binding motif-based algorithms have been described by Parker et
al (1%34) and Altuvia ef al(1994). In these algorithms, binding t¢ a given MHC
molecule is predicted by a linear funclion of the residues at each position, based on

~3 & ocaldy aefined parameters, and in the case of the Altuvia et a/.(1994) algarithm,

. ®¥n'ran Crystallographic structures may also be taken into consideration.

Recumbinant methods offer the opportunity to obtain well charactenzed epitopes of
high purity for the production of diagnostic réagents and epitope-specific vaccine
formulations (Mohapatra ef a/, 1995). Based upon the amino acid sequence of a linear
epitope and dentification ot the corresponding nucleotide sequence encoding same,

reivmerase chain reaction (PCR) may be performed to amplify the epitope-encoding
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region from cDNA After cloning and expression in a suitable vector/host system, a
jarge amocunt of epitopes of high purity can be extracted. Accordingly, the present
invention clearly extends to both isolated non-recombinant polypeptides and

recomninant polypeptides in an impure or isolated form.

The term "polypeptide” as used herein shall be taken io refer to any polymer
consisting of amino acids linked by covalent bonds and includes wilhin its scope full-
lenath oroteins and parts or fragments thereof such as, for example, cligopeptides and
« e penide sequences consisting of at least about 5 amino acid residues, preferably
atleast about 16 §mlno acid residues, more preferably at least about 12 amino acid
resdues, and even more preferably at ieast about 15 amino acid residues. Also
included within the scbpe ot the definition of a "polypeptide” are amino acid sequence
variants, containing one or more preferably conservative amino acid substitutions,
deletions. or insertions, which do not alter at least one essential property of sad

owyocptide such as, for example, its immunogenicity. use as a diagnostic reagent, or

el

efactiveness as a peptide vaccihe agamst Lawsoria spp. amongst others.
~oraingly. a poiypeptide may be isolated from a source i nature, or chemically
synthesized. Furthermore, a polypeptide may be decived from a fu't-length protein by
criinical or enzymatic cleavage, using reagents such as CNBr, trypsin, or
chymotrypsin, amongst others. -
Ce ~ .2y 3uve amiro acd substitutions are well-known in the art For example, one or
e aneno acd residues of a native SodC bolypeptide of the present invention can
be substituted conservatively with an amino acid residue of similar charge, size or
polarity, with the resulting polypeptide retaining an ability to function in a vaccine or
as a diaghostic rcagent as described herein. Rules for making such substitutions
include those described by Dayhof (1978). More specifically, conservative amino acid
supstitutions are those that generally take place within a family of amino acids that are
related in their side chamns. Genetically-encoded amino acids are qgenerally divided

irste four groups: {1) acidic=aspartate, glutamate; (2) basic=lys.ne, arginine, and
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histidine: {3 non-polar—=alanine. vatine, leucine, isoleucine, proline, phenyialanine,
methionine, and tryptophan; and (4) uncharged polar= glycine. asparagine. glutamine,
cystemna, serne. threonine, and tyrosine Phenylalanine, tyrosine and tryptophan are
atsc ointly classified as aromatic amino acids. One or more replacements within any
o~ malar group such as, for example, the substitution of leucin~ for isoleucine or
vaiine or alternatively, the substitution of aspartate for glutarmate or threonine for
serqe, o of any other amino acid residue with a structurally—related amino acid

residue, will generally have an insignificant effect on the function of the resulting

[

The rrzsent invertion is not imited by the source of the subject immunogen and
clearly exiends 1o isolated and recombinant polypeptides which are derived ftom a

ratural or 3 non-natural occurring source

The term “recombinant polypeptide” as used herein shall be taken to refer to a
colypeptde which is produced 17 vitro or in a host cell by the expression of a genetic
~rrance encoding said polypeptide, which genetic sequence is under the control of
: surtzble promoizr wherain a genetic manipulation has been performed in order to
acrueve said expression. Accordingly. the term “recombinant pc . speptide” clearly
cneompasses polypeptides produced by the expression of genstic sequences
contained in viral vectors, cosmids or plasmids that have been introduced into
prokaryotic or eukaryotic cells, tissues or organs. Genetic manipulations which may
vz we=d i rus context will be known to those skiiled in the art and include, but are not
ursied 1o, nucleic acid isolation, restriction endonuclease digestion, exonuclease
giqestion end-hihing using the Klenow fragment of £. colf DNA polymerase | or T4
NNA polymerase enzymes, blunt-ending of DNA molecules using T4 DNA polymerase
or Excilt enzymes. site-directed mutagenesis, igation, and amplification reactions. As
wili be known to those skilled In the art, additional techniques such as nucleic acid
rybridisations and nuclcotide sequence analysis may also be utilised :n the
preparation of recombinant polypeptides, in confirming the identity of a nucleic acid

moisodiz encoding @ deswed recombinant polypeptide and a genetic construct
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compnsing the nucteic acid molecule.

Winzrain the palypeptide of the present invention is a recombinant polypeptice, it may
Ceroduced in and, * desirable, isolated from a recombinant viral vertor evnression
<tnry or host cell. As wil be known to those skilted in the relevant art, a cell for

production of a recombinant polypeptide is selected on the basis of several

parameters inclruding the genetic constructs used to express the polvpeotide under
consideration as wel! as the stability and activily of said polypeptideg It will also be

e £ those skilled in the art, that the stability or activity of 2 recombinant

. poiypeotide may be determined at least in part, by post-translationai moditfications to

he polypeptide such as, for example, glycosylation, acylation or alkylation reactions,

amongst others, whichy may vary between cell lines used to produce the recombinant
polypepude ’

Accordingly. in a more particularly preferred embodiment, the present invention
¢ =~ 1= to 3 recomb:nant polypaptide or a derivative, homologue or anaisgue thereof
23 piwsent in a virus particle. or as produced in prokaryotic of eukaryotic host cell, or

sus or celi cuiture thareof

the present iInvenhan also extends to a recombinant palypeptde according to any of
the foregoing embodiments Whuch is produced in a baclenal cell belonging to the

At L ol ae parhicalar a cell of L intracellulans, or a culture thereof.

Tr.e term “isoiated polypeptide” refers to a poiypeptide of the present invention which
has been purified to some extent, preferably to at least about 20% by weight of
protein, preferably to at least abaut 50% by weight of protein, more preferably to at
teast about 60% by weight of ‘protein, still more preferably to at least about 70% by
wengin of protein and even more preferably to at least about 80% by weight of protein
or greater, from its natural source or, In the case of non-naturally-occurring
oaiypepudes. from the cuiture medium or cellular environment in which it was

- sbeced Such solation may be performed Yo improve the immunrogenicity of the
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polypeptide of the present invention, or to improve the specificity of the immune
responsa against that polypeptide, or to remove toxic or undesirable contaminants
terefrom. The necessary or required degree of purity of an isolated polypeptide will
vary depending upon the purpose for which the polypeptide !s inter-ed, and for many
apchcations it wil na sufficient for the polypeptide preparation to contain no
contamimants which would reduce the immunogenicity of the polypeptide when
administered to a host animal. in particular a porcine Or avian ammal being iImMmunized
<Gl PP or, alternatively, which would inhibit immuno-specific binding in an

immunoassay for the diagnosis of PPE or a causative agent thereof.

Tne purity ot an isoiated polypeptide of the present invention may be determined by
any means known to those skilled in the art, including the degree of homogeneity of
a protein preparation as assessed by SDS/polyacrylamide gel electrophoresis, 2-

dimensionai electrophoresis, or amino acid compesition analysis of seguence

analysis

“rzterably, the poiypectde of the present invention will be substantiaily homogeneous
~ sutrstanbally free of nonspecific proteins, as assessed by SDS/ vlyacrylamide gel
ziectrophoresis, 2-dimensional electrophoresis, or amino acid composition analysis

or seguence analysis.

. polypephide of the present invention ¢an be purified for use as a component of a
vaccine composition by any one or a combination of methods known to those of
ordinary skill in the an, including. for example, reverse phase chromatography, HPLC,

ion-exchange chromatography, and affinity chromatography, among others.

In a preferred embodiment, the isolated or recombinant polypeptide of the invention

oossessas the enzymatic or biological activity of a SOD polypepfide such as, for 7

axampie, the L. intracellularis SodC polypeptide, or is at least denved from a SodC

1 Yypoptide or, altematively, is immunologically cross-reactive with the L infracellulans

-

T polypeptide of the present invention.



20

s
v

©OOTERCLRD L WaOA s RN L6 T ™

-17 -

ir & particularly preferred embodiment, the 1solated or recombinant polypeptide of the
nwermon s derived from Lawsonia spp. or other pathogenic agent associated with the
el andfor development of PPE and more preferably, the subject polyneptide is

o ad rom Lawsaria intracellularis.

A B-cell or T-cell eptope of a SodC polypeptide or a derivative, homologue or

an=alnnis Prarant gy comorise any combination of the following:

{1) the primary amino acid seguence of a SodC polypeptide, known in the
art as & continuous non-conformational epitope,

al the secondary strusture which a SodC polypeptide adopts, known in the
art as a continuous conformational epitope,

{11) the tertiary structure which a SodC polypeptide adopts in contact with
ancther region of the same polypépiide molecule, known in the art as a
discontinuous conformational epitope, or

fivi the quaternary sructure which a SodC polypeptide adopts in contact
witih 21 region of another polypeptide molecule, knicwn in the art a» a

discontinuous conformational epitope.

Accordingly, immunaogenic polypeptides or derivatives, homologues or analogues
< npasing the same, or substantially the same primary amino acid sequence
i e erginater defined as “immunogens which comprise a B -cell or T-cell epitope” or

similar term

immanogenic polypeptides or denvatives, homologues, or analogues thereof
comprising different primary amino acid sequences may comprise immunolagically
identical immunogens, because they possess conformational B-cell or T-cell epitopes
tha! are recognised by the immune system of a host species to be identical Such
maunogenic polypeptides or denvatives, homologues or analogues thereof are

:+ ~mi~after defined as wnmunogens which mimic or crass-react with a 8-cell or T-cell

o’ Of similar temm.
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toeardingly, the present invention extends to an immunogen which comprises, mimics,
ar cross-reacts with g B-celt or T-cell epitope of an isolated or recombinant
o.cvpeptide according to any one of the foregoing embodimetr*s or a derivative,
Cornclogue or analogue thereof In a particutarly preferred embodiment, the present
ivenuon provides an immunogen which comprises, mimics. or cross-reacts with a B-
cell or T-cell epitope of an 1solated or recombinant polypeptide which in its native form

- aimatig from a species of Lawsomna such as, but not Jimited to L. infraceliulans,

~d which polypeptide preferably possesses SodC activity.

Preferably, such immunogenic polypeptides will not comprise a pnmary amino acid
sequence. which s hughiy-conserved between L. intracellulanis and another non-
pathogenic microorganism which is normatly res'i'dent in the gut or other organ of an
animal, in particular a porcine or avian animal. The significance of this exclusion to
those embodimentis ef the invention wherein speéifi_city is essential t¢ performance (eg

vaccine and diagniostic applicalions) will be apparent to thase skitled in tne arf.

Teomprave the immunogentcity of @ subject polypeptide of the pre >ant invention one
or more amino acids not corresponding to the onginal protein sequence can be added
10 the amino or carboxyi terminus of the polypeptide Such extra amino acids are
useful for coupling the polypeptide to another peptide or polypeptide, to a large carrier
protein or 1o a solid support. Amino acids that are useful for these purposes include
pbut 2re not imited to tyrosine, lysine, glutamic acid, aspa‘rtic acid. cysteine and
derivatives thereof. Additional protein modification techniques can be used such as,
e g., NH,-acetytation or COOH-terminal amidation. to prov.lde additional means for
coupling the polypephide to another polypeptide, protein, or peptide molecule, orto a
solid support. Procedures for coupling polypeptides to each other, or to carrier
protems or solid supports, are well known In the an Polypeptides containing the
above-mentioned extra amino acid residues at either the carboxyl- or amino-termini
and eixther uncoupled or coupled to a carrier or solid support, are consequently within
2 senpe of the presant invention

12t
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Furthermore, the polypeptide can be immobilised to a polymeric carrner or support

P Ny
rLaTanal

3]

In an zitzrnative embodiment, the immunogenicity of a polypeptide of the present

invention may be improved using molecular biology techniques to produce a fusion
~rt o nos iming one of more polypeptides of the present invention fused to a carrier
maizoules such as a highly immunogenic protemn. For example, a fusion protein
containing a polypeptide of the present invention fused to the highly irnmunogenic B
subunit of cholera toxin can be used to increase the immune response to the
polypeptide The prasent invention also contemplates fusion proteins comprising a
cytokine, such as an mterleUkin, fused to the subject polypeptide of the present

invention, and genes encoding same.

Preferably, the polypeptide of the present invention, or a derivative, homologue or

=malegue thereof when administered to a mammal, induces an immune rasponse in
=zi12 mammal More preferably, the polypeptide of the prese: * invention, when
rhrenicterad to @ reammal, in particular a porcine animal (e.g., a pig) induces a
protective immune response against Lawsonia spp.. and preferably against L

intracelivlaris. therein  As used herein, the phrase “induction of a protective immune

2 response’, and the hke, refers to the ability of the administered polypeptide of the

orasant invention tc prevant or detectably slow the onset, development, or progression
of symptoms associated with Lawsonia infection, and preferably, to prevent or
detectably slow the onsef, devefopment, or progression of symptoms associated with

PPE n pigs

Prefcrably, the immunogenic polypeptide of the invention comprises an amino acid
sequence which is substantially the same as the amino acid sequence set forth in SEQ
N NO 1 cr (s at least about 75% identical overall to SEQ ID NO.1, or is at least about
Jivogonucal o at 1zast 8 cantiguous amino acids of SEQ [0 NO:1  In a oreferred
+mocdiment, the immunogenic polypeptide of the present ..vention consists

zssentially of the amino acid sequence of SFQ 1D NO:1, or the amino acid sequence

140

135

~
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«ncoded by the SndC-encoding nuclectide sequence present in pALK14 (ATCC

R W4

27 15E) or aboul the first forty two amino acids thereof

For the purposes of nomenclature, the amino acid sequence set forth in SEQ 1D NO:1

5 represents the parfial amsno acid sequence of the SodC polypeptide comprising the
cical regjion. zncoded by the 5’-end of the Lawsomia infracellularis sodC gene.

The nuctéot:de sequence of the 5-end of the sodC gene is set forth in SEQ ID NO:2.

Preferably, the percentage amino acid sequence identity to SEQ 1D NO:1 is at least
10 about BC%. more praferably at least about 85%, even more preferably at least about

90%. and shil even more preferably at least abaut 95% identical to SEQ 1D NO:1.

In determining whether or not two amino acid sequences fall within these percentage

hmits those skilled in the art will be aware that it is necessary to conduct a side-by-
1o s:de comparison or multiple alignment of sequences. In such comparisons or
2harnents . differences will arise in the positioning of non-iventical residues,
cepending upon the algorithm used to perform the alignment. In the present context,

- reference to a percentage sequence identity or similarity between two or more amino

L acid sequences shall be taken to refer to the number of identical and similar residues
20 r=zipectively between said sequences as determined using any standard algorithm
known ta thase skilled in the art. For exampte. amino acid sequence identities or
simnlarities may be calculated using the GAP programme of the Computer Genetics

Group, Inc,, University Research Park, Madison, Wisconsin, United States of America

‘ {Devereaux ef al, 1584) The GAP programme utilizes the aigorithm of Needleman
and Wunsch (1970) to maximise the number of identical/similar residues and to

|18
W

minimise the number and/or length of sequence gaps in the alignment. Alternatively
ur iy addition, where more than two amino acid sequences are bewing compared, the

1 =t2lW programme of Thompson et al (1994) can be used

2 giternative embodiment, the present invention provides an isolated or

reccombinant immunogenic polypeptide which comprises, mimics of cross-reacts with
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= i cell or T-ceil epitope of the SaodC polypeptide denved from [ awscrija sgL. wherein
sa:d 1solated or recombinant immunogenic polypeptide comprises an amino acid
seuznce which comprises at feast 5 contiguous amino acid residues of SEQ 1D NO:1

ar a hornologue, analogue or derivative thereof.

Sierzrabiy, the isolated or recombinant immunogenic polypeptide of the invention
comprisas at least about 10 contiguous amino acids derived from SEQ 'lD NO:1, more
preferably at least about 20 contiguous amino acid residues derived from SEQ 1D
NO-1. even more praeferably at least about 30 contiguous amine acid residies derived
frorn SEQ ID NO'1 and still even more preferably at least about 40 contiguous amino
actd residues derived from SEQ (D NO:.

The present inventon further encompasses homologues, analogues and derivatives

7 a polypeaptide comprising the amino acid sequence set forth in SEQ ID NO:1

"t1omaologues” of a polypeptide are those polypeptides which contain amino acid

subshitatens, deletions and/or additions refative to the polypeptide without altering one

"~ or more of its properties, such as its immunogenicity, biological activity or catalytic

Jue

¢ 1 < inmolecules, amino acids can be replaced by other amino acids having
s:milzr properties such as, for example, hydrophobicity, hydrophihcity, hydrophobic
moment, antigen:city, propensity to form or break a-helical structures of B-sheet

struclures, and so on,

Substitutional variants are those in which at least one residue in the sequence has
been removed and a different residue inserted in its place Amino acid substitutions
are typically of single residues, but may be clustered depending upon functional

“nenaints placed upon the polypeptide; insertions will usually be o1 the order of about
i-10 amino aad residues and deletions will range from about 1-20 residues

“:='zrably armino acid subshtutions will comprise conser .tive amino acid

suhelitihions, such as those described supra.

s
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-ertonal amino acd sequence variants are those in which one or more amino acid
“2sidues are introduced into a predetermined site in the protein. Insertions can
cumprise amino-terminal and/or carboxyl terminal fusions as well as intra-sequence
insertions of single or mulliple amino acids. Generally, insertions within the amino

e will Lo smaller than amino or carboxyl terminal fusions, of the order of

PP

aua.1 1 4 residues.

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

Amine acid variants of the polypeptide of the present invention may readily be made
using peptide synthetic techniques well known in the art, such as solid phase peptide
synthesis and the like, or by recombinant DNA manipulations The manipulation of
JNA seqguences tc produce variant proteins which mamfest as substitutional,
i» mzertionai or deletional variants are well known in the art. For ex . mple, techniques
for making substituhon mutations at predetermined sites in DNA having known
sequence are wel known to those skilled.n the art, such as by M13 mutagenesis or

other site-directed mutagenesis protocol.

Su o Anaiogues” are defined as peptides, oligopepiides and polypepiides which are
functionally equivalent to the peptides of the present invention but which contain
certain non-naturally occurring or madified amino acid residues as will be known to
those skilied in the art Accordingly, an “analogue” as defined herein need not

. comprise an amino acid sequence which is similar to the amino acid sequence set

forth herein such as, for example, peptides, oligopeptides and polypeptides which are

3]
th

derivied from computational predictions or empirical data revealing the secondary,
tartiary or quaternary structure of the polypeptide of the present invention, and which
- -r2fare do not comprise the same primary amino acid sequence of said pelvpeptide,
ve! navertheless mimic or cross-react with B-cell or T-cell epitope of Lawsoma spp.

30 and preferably, mimc or cross-react with B-cell or T-cell epitope of Lawsoma
ntracellulans



For exampie, mimotopes (polypeptide analogues that cross-react wids a B-cell or T-cell
epitcpe of the Lawsonia polypeptide of the invention but, however, comprise a different
amino acid sequence to said epitope) may be identified by screening random amino
acid seguennes in neptide hibraries with antibodies that bind to a desired T-cell or B-
! aonope As with techniques for the identification of B-cell or T-cell epitopes as
described supra, the antibodies used to identify such mimotopes may be polyclonal
or moroclonal or recombinant antibodies, in crude or purified form. Mimotopes of a T-
cell epitope may then be assayed further for their ability to stimulate T-cell cytotoxic
or proliferative responses jn vitra  Mimotopes are particularly useful as analogues of
10 non-near (i.e , conformational) epitopes of the polypeptide of the present invention,
becausre conformational epitopes are generally formed from non-contiguous regions
n a polypeptide and the mimotopes provide immunogenic equivalents thereof n the

form oi a single peptide molecuie

1y Suridonaily, the use of polypeptide analogues can resull in polypeptides with
meraased immunogenic and/or antigenic activity, that are less sensitive {o enzymatic
degradation, and which are more selective. A suilable proline analogue is 2-

- .y S urentane carboxyhe acid {BACSe) which has been shown to increase the

maapmoganic activity of a native polypeptide more than 20 times {Mierke et al, 1990;
20 Portoghese et al, 1990; Goodman et af, 1987).

"Derivatives” of a pclypeptide described herein are those peptides, ohigopeptides and

polypeptides which compnise at least about five contiguous amino acid residues of the

‘ amino acid sequence set forth in SEQ 1D NO:1. A “denvative™ may further comprise
25 addihonal naturally occurming. altered glycosylated. acylated or non-naturally occurring

amino acd residues compared to the amino acid sequence set forth in SEG 1D NO' 1.

" aeeghively or in addihon, a derivative may comprise one or more non-amino acid

kst tuents such as, for example, a reporter molecule or other lig..1d, covalently or

sar-eavalently bound to the amino acid sequence such as, for example, a reporter

30 molecule which 1s bound thereto to facilitate its detection
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Other examples of recombinant or synthetic mutants and derivatives of the peptide
immunogens of the present invention include those incorporating single or multipfe
substitutions . deletrons and/or additions therein, such as carbohydrates, fipids and/or
©uwans o polvpertides  Naturally occurting or altered glycosylated or acylated forms
1 tne subject peptides are particularly contemplated by the present invention.
Additsioraliv, homopolymers or heteropalymers comprising one or more cdpies of the
subject peptide listed in SEQ ID NO:1, or one or more derivatives, homologues or

analogues thereoi. are within the scope of the invention

Praferably, homologues, analogues and derivatives of the polypeptide of the invention
are "mmunogenic’. defined heremarter as the ablity of said polypeptide, or a
denivative, homaologue or analogue therébf, to elicit B cell and/or T cell responses in
the hos! in response to immunization. ' ) ‘
Preferred homologues, analogues and derivatives of the amino acid sequence set
forth in SEQ 1D NO:1 include these amino acid variants that function as B cell or T cell
enttnnes ~F 22id a~iri 3713 sequence which are capable of mediating an immune
mrmRn mych as, for examele, mimotopes of the immunogenic polypeptide described
nerain which have been produced by synthetic mezns, such as by Fmoc chemistry.
The only requirement of such molecules is that they crass react immunociogically with
a polypeptide which comprises the amino acid sequence set forth in SEQ 1D NO:1 or
the first 42 anuno acid residues thereof or a denvative thereof which comprises at least
S conligucus amine acids in length of SEQ 1D NO.1.

As will be apparsnt to thosa skilled in the ad, such homologues. analogues and
deavatives of the palypeptide of the invention molecules will be useful to prepare
antibodies that cross-react with antibodies against said polypeptic' > and/or to ehen a
protective 1Immune response of similar specificity to that elicited by said polypeptide.
Such molecules witl also be useful in diagnostic and other applications that are
immunological in nature such aé, for example, diagnostics which utilise one or more
Dlissay furmats {eg. LLISA, RIA and the like)



1o

b
[}

30

L B O O e ASP L )

-2

A¥ A1

Accordingly the immunaogen of the present invention or a dervative, homologue or
analogue thereof is useful in vaccine compositions that protect an individual against
=i i by L oantrac2llulans and/or as an antigen to elicit polyctonal ar monocionatl
antibody production and/or in the detection of antibodies agawnst L. intraceliularis in

rdecied animals, particularly in porcine and avian animals.

The presant inventors have also shown that the N-terminal region of SEQ ID NO-1is

particularly unique, as compared to other immunogenic amino acid sequences,
neluding those of the SodC polypeptides of other animal pathogens. Accordingly,
peptides, oligopeptides and polypeptides which comprise such unique epitope regions
of SEQ D NO 1. will have improved specificity compared to other regions of the
Lawsoma spp SodC maolecule. The particular advantages of such peptides will be
rmincdiately apparent to those skilled in the production of vaccine cc positions, where

spacdicity against a pathogen of interest 1s an fmpoﬁant consideration.

In pariicular, the present inventors have shown that amino acids from about 1 to about

e Lawsems intraceliulans SodC polypeptide, as set forth in SEQ ID NO:1, is
1.t gy conserved compared to the corresponding region of the Escherichia coli
SodC polypeptide, being only about 15% identical thereto. Accordingly, this region
of the L intracellularis SodC polypeptide is a promising antigenic peptide for the
formulation of Lawsoma-specific vaccines and diagnostics for the specific detection

of Lawscmia spp. in biological samples.

Accardingly, in an alternative embodiment, the present invention provides an 1solated
i recombinant immunogenic polypeptide or a derivative, homologue or analogue
“mereof which comprises, mimics or cross-reacts with a B-cell or T-cel egitope ot a
Larvsoma Spp. wherein said 'polypeptide comprises a sequence of arnino acids which
has at least about 50% sequence identity to about amino acid residues 1 to about
amino acid residue 42 of the L. mtraceliulans SodC polypeptide as set forth in SEQ (D
NO 1 Preforably, the percentage sequence identity to amino acids 1 to about 42 of

5240 NO 115 at teast about 60%, more preferably at least about 70%, even more
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preferably at least about 80% and still even more preferably at least about 90% In a
particularly preferred embodiment, the subject polypeptide will comprise a sequence

S a0 acids frem about amino acid 1 to about amino acid 42 of SEQ ID NO:1.

A sacond aspect of the present invention provides a vaccine compasition for the
prophylaxis or treatment of infection in @ mammal or bird by L. intraceflulans or similar
or otherwise related microorganism. said vaccine composition comprising:
Q) an immunogenic component which comprises an isolated or recombinant
polypaptide having at least about 70% overall amino acid ssquence identity to
the amino acid sequence set forth in SEQ 1D NO 1 andfor at least about 50%
amno acid seguence identity to amino acid residiaes 1 tc ahout 42 of SEQ ID
NO.1 or comorising at least 5 contiguous amino acids denved frei, SEQ 1D
MO:1 or an immunogenic homologue, analogue or derivative thereof which 1s
.xmmunotcglca!ly cross-reactive with Lawsomia intracellulans; and
(if) one or more carmiers, diluents and/ar adjuvants suitable for veterinary or

neAemeaaeal ose

F. o329 herein, the torm “immunogenic component” refers to a peptide, polypeptde
cr a protein encoded by DNA from, or derived from, L. intracellulans or a related
microorganism thereto which is capable of inducing a protective unmune response in
an arimal, in particular a porcine or avian animal, whether or not said peptide,
polypeptide or protein is in an isolated or recombinant form Accordingly, the vaccine
composiion clearly encompasses those vaccine compositions which comprise
att>ualed, killed or non-pathogenuc isolates or forms of L intraceliulans or related
matroorgamsms thereto wnich comprise or express said peptide polypeptide or

P atean

Gy ‘protective immune response” 1s meant that the immunogenic component elicits an

immune response in the animal to which the vaccine composition 1s administered at

t

i al and/or cellular level which is sufficient to prevent infection by Lawsonia

I3

mn
~)

144

\us
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detectably reduce one or more symptoms or conditions, or to detectably slow the onset
~*¥ ~m3 o more symptoms or conditions, associated with infection by Lawsonia
creceliulans o a reiated microorganism thereto in an animal host, as compared to a
conitrol infected animal - The term “effective amount” of an immunogenic component
presant in the vacone composition refers to that ameount of said immunogenic
component that 's capable of inducing a protective immune response after a single
complete dose has been administiered, or after several divided doées have been

administered.

Praferably, the polypeptide component of the subject vaccine composition coniprises
= 3marg actd soguance which 1s both immunogenic and specitic, by virtue of its
smmunological cross—reactlvsty with the causative agent of PPE, Lawsonia
intracellulans In this regard, it will be apparent from the preceding description that
such polypeptide components may comprise an amino acid sequerice derived from
SEQ 1D NO'1 or 2 homologue, analogue ar derivative of the amino acid sequence set

“ay. SEQ D NG such as, for example, a mimotape of said sequence.

Tha 1mmunogenic polypeptide or immunogenic homologue, analogue or derivative
may be a naturally-occurnng peptide, oligopeptide or polypeptide in isolated or
recornbtnant form according to any of the embodiments described supra or exemplified
herein  Preferably, the immunogenic polypeptide or immunogenic homologue,
analogue or derivative is derwved from Lawsonia spp., in particular L. intracellufans or

a mucroarganism that 1s related thereto.

- (referably, the immunogenic component has undecgone at least one purnfication step

or 2t least partial concentration from a cell culture comprising L. infraceflufans or a
related smicroorgamism thereto, or from a lysed preparation of L. intracellularis cells or
related microorganism, or from anocther culture in which the Immunogenic component
1s recombinantly expressed. The purity of such a component which has the requisite
ymmaunngenic properties s preferably at least about 20% by weight of protein in a

§-atrcotar preparation, more preferably at feast about S0%, even more preferably at
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least about 80%. still more preferably at least about 70% and even more preferably

Ji 058t about 80% or greater.

The immuncgenic companant ot the vaccine of the present invention can comprise a
single peptide, polypcplide of protein, or a range or combination of different peptides,
polypeptides or proteins covering different or similar epitopes. In addition or,
alternatively. a single polypeptide can be provided with multipte epitopes. The latter
type of vaccine is referred to as a polyvalent vaccine. A multiple epitope includes two

or move epitopes located within a peptide or polypeptide molccule.

o tormudlatton of vaccines 15 generally known i the ant and reference can
conveniently be made to Remington's Pharmaceutical Sciences, 17th ed., Mack
Publishing Co., Easton, Pennsylvania, USA.

* i, wseotud form of the vaccine is a recombinant vaccine produced, for
~xampig, 10 a vacone vector, such as but not imited to a cell transfected with a
vacciia virus veclor or a bacterial cell capable of expressing the immunogenic

component

The present invention clearly extends to recombinant vacone compositions in which
the immunogenic component at least is contained within killed vaccine vectors
prepared, tor example, by heat, formaiin or other chemical treatment, electric shock
or hwagh or low pressure forces According to this embodiment, the immunogenic
~=rrponent of the vacoine 1s gererally synthesized in a live vaccine veclur which is

= g prior to administration to an animal.

Furthermore, the vaccine vector expressing the immunogenic component may be non-
pathogenic or attenuated Within the scope of this embodiment are celis that have

1. iransfected with non-pathogenic or attenuated wruses encoding the

*immunoganic component of the vaccine and non-pathogenic or attenuated cells that

dirzctly express the immunogenic component.
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= - uzicd or rion-pathogernuc host cells include those cells which are not harmful to
a angral to which the subject vaccine is administered As will be known to those
skilied i he arl. “live vaccines” can comprise an attenuated virus vector encoding the
immunogenic component or a host cell comprising same, which is capable of
replicating 1n an animal to which it is administered, and using host cell machinery to
express the immunogenic component albeit producing no adverse side-effects theretn.
Such vaccine veclors may colonise the gut or other organ of the vaccinated animal.
Such live vaccine vectors are efficacious by virtue of their ability to continually express
e nmunogenic component in the host animat for a time and at a level sufficient to
conler protective immunity against a pathogen which expresses an immunogenic
eguwvalemt of saild immunogenic component. The present .nvention clearly
encompasses the use of such attenuated or non-pathogenic vectors and live vaccine
preparations.

Y vaccine vector may be a virus, bactenial cell or a eukaryotic cell such as an avian,
n~-cim2 or other mammatian cell or a yeast cell or a8 cell ine such as COS, VERO,
Heba mouse C127. Chinese hamster ovary (CHQO), WI-38, baby hamster kidney
(BHK) ar MDCK celi tines Suitable prokaryotic cells include Mycobacterium spp.,
Corynetacterium spp., Salmonefla spp., Eschernctia ' cofi, Bacillus spp. and
fPseudomonas spp, amongst others. Bacterial strains which are suitable for the
prasent purpose are well-known in the relevant art (Ausubel et al, 1987, Sambrook
et aj, 198

- celis and cell hnes are capable of expression of a genetic sequence encoding
a SodC peptide, polypeptide or protein of the present invention from L. intracellulans
in a marner effective to induce a protective immune response in the animal. For
example, a non-pathogenic bacterium could be prepared containing 2 recombinant

- Zapable of encoding a peptide, polypeptide or protein from L. intraceliularis.
Tha recombinant sequence would be in the form of an expression vector under the
centrol of @ constitutiva or inducible promater. The bacterium would then be permitted

lo coloruse suitable locations in a pig's gut and would be permitted to grow and
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prochioe the recombinant peptide, polypeptide ar protein in amount sufficient to induce

a protactive immune response against L intraceflufars.

In a furtber alternative ambodiment, the vaccine can be a DNA or RNA vaccine
ccmprnsing a DNA or RNA molecule encoding a peptide, polypeptide or protein of the
present invention which is injected into muscular tissue or other suitable tissue in a pig
undar conditions sufficient to permit transient expression of said DNA or RNA to
produce an amount of peptide, polypeptide or protemn effective to induce a protective

tmmunea response. In a preferred embodiment, the DNA vaccine is in the form of a

+ prasmid in which the DNA is operably connected with a pramaoter region capable of

expressing the nucleotide sequence encoding the immunogen in ceils of the

immunized animal.

‘' - oroduction of a recombinant vaccine, éxc_tapt for a DNA vaccine described
# a2 v ¢ s therefore necessary to express the immunogenic companent in a suitable
veclor system For the present purpose, the immunogenic component can be
2xpressed by
(i) placing an solated nucleic acid molecule in an expressible format, said
nucleic acid molecule compnsing the coding region of the nucleot'de sequence
set foith wn SEQ 1D NO'2 or a protein-encoding homologue, analogue or
derivative of SEQ 1D NO 2 selected from the group consisting nf:
(a) nucleotde sequences that have at least asbout 70% sequence
identity to SEQ 1D NO 2;
(b} nucleotide sequences that hybridise under at le .5t low stringency
hybridisation, preferably under at least moderate stringency conditions,
and even more preferably under high stringency conditions. to the
comptement of SEQ ID NO-2; and
{c) nucleotide sequences that encode the amino acid sequence set forth
in SEQ ID NO.1 or a homologue, analogue or derivative thereof,

including, for example, a mimotope of the amino acid set forth in SEQ ID
NO 1,
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() introducing the isolatead nucleic acid molecule of (1) in an expressible
farmat into a suitable vaccine vector, and

(i) incubating or growing the vaccine vector for a ime and under conditions
sufficient for expression of the immunogenic component encoded by said

3 nucleic acid molecule to occur.

For the purposes of defining the level of stringency, a low stringency is defined herein
as being a hybndisation and/or a wash carried out in 5xSSC puffer, 0 1% (wiv) sDS
at 28°C A moderate stringency s defined herein as being a hybndisation and/or
lv wasng carned out in 2xSSC buffer, 0.1% (w/v) SOS at a temperature in the range
43°C to 65°C. A high stringency is defined herein as being a hybridisation and/or
wash carried out in O 1xSSC buffer, 0.1% (wiv) SOS at a temperature of at least 65°C.
Generally, the stringency is increased by redur;mg the concentration of SSC buffer,
15 and/or increasing the concentration of SDS and/or increasing the temperature of the
hybridisation and/or wash. Those skilled in the art will be aware that the conditions

for hybridisation and/or wash may vary depending upon the nature of the hybridisation

© muanbrane or the type of hybridisation probe used Canditions for hypridisations and

=ashes are well understood by one normally skifled in the art. For the puiposes of

24 cizrfication of the parameters affecting hybridisation between nucieic acid molecules,
reference is found n pages 2 10 8 to 2.10.16. of Ausubel et al. (1987). which is herein
incorporated by reference.

‘ A3 used herein, a “nucleic acid molecute in an expressible farmat” is a protein-
25 encoding region of a nucleic acid motecule placed in operable connection with a

promoler ot olher regulatory sequence capable of regulating expression in the vaccine
vector system

Reference herein to a "pramoter” is 10 be taken in s broadest context and includes
30 the transcriptional regulatory sequences of a classical genomic gene, including the

TATA box which is required for accurate transcription initiatron, with or without a
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CCAAT box sequence and additional regulatory elements (i.e., upstream activating

sequances, enhancers and silencers) which alter gene expression in response to
developmental and/or external stimuli, or in a tissue-specific manrar. in the present
comiext, the term "promoter” is also used to describe a recombinant. synthetic or fusion
moiecule, or derivative which confers, activates or enhances th~ expression of a
nucleic acid molecule to which 1t is operably connected, and which encodes the
imrnunogenic polypeplide. Preferred promoters can contain additiona! copies of one
or more specific regulatory elements to further enhance expression and/or to alter the

vin site expression and/or temporal expression of the said nucleic acid molecule.

Placing a nucleic acid molecule under the regulatory control of i.e., "in operable
connection with" a promoter sequence means positioning the said molecule such that
expression ts controlied by tﬁe promoter sequence. _Promoters are generally, but not
necessarily, positioned 5’ (upstream) to the 'genes that they controf. in the
construction of heterologous promoter/structural gene combinations it 1s generatly
preferred to position the promoter at a distance from the gene transcription start site

that 1s approximately the same as the distance between that promoter and the gene

St enntrols inaits natural setting. 1.e., the gene from which the promoter is derived

Furthermore, the regulatory elements comprising a promotér are .z ually positioned
within 2 kb of the start site cf transcription of the gene. As is known in the art, some
vanation in this distance can be accommodated without loss of promoter function.
Similarly, the preferred positioning of a regufatory sequence elermnent with respect to
a naterdiogous gene to be placed under its control is defined by the positioning of the
elernent in its natural setting, i.e., the genes from which it is denved Again, as is

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

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

inducible tac promoter. A number of other vector systems far expressing the nucleic
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acid molecule of the invention in E. cofi are well-known in the art and are described,
for example, in Ausubel et a/ (1987) or Sambrook et af (1989) Numerous plasmids
with suitable promoter sequences for expression in bacteria and eficient nbosome
oinding sites have been described, such as for example, pKC30 (A, Shimatake and
Rosenberg, 1981). pKK173-3 (fac: Amann and Brosius, 1985), pET-» (T7: Studier and
Mofiat, 1986), the pFLEX series of expression vectors (Pfizer Inc.. CT, USA) or the
pQE series of expression vectors (Qiagen, CA), amongst others. Tynical 'prorhoters
suitable for expression in viruses of eukaryatic cells and eukaryotic cells include the
SvA4U iate promoler, SV40 early promoter and cytomegalovirus (CMV) promoater, CMV

IE (cytomegalovirus immediate early) promoter amongst others.

Means for introducing the isolated nucleic acid molecule or a genetic construct
comprising same into a cell for expression of the immunogenic component of the
vaccine composition are well-known to those skilled inthe art The technique used for
a given organism depends on the known successful techniques. Means for
introducing recombinant DNA into animal cells include micronjection, transfection

md:ated by DEAE-dextran, transfection mediated by liposomes such as by using

- o fectamine (Gibeo, MD, USA) andfor celifectin (Gibco, MD., USA). PEG-inediated

ONA uptake . electroporation and microparticle bombardment such as by using DNA-

coa‘ed tungsten or gold particles (Agracetus Inc., WI, USA) amongst others.

The mrinngenic component of a vaccine composition as contemplated herein
exribits excellent therapeutic activity, for example, in the treatment and/or prophylaxis
of PPE when administered in an amount which depends on the particular case For
example, for recombinant peptide molecules, from about 0.5 pg to about 20 mg may
be administered. preferably from about 1 .9 to about 10 mg, more preferably from
about 10 ug to about b mg, and most preferably from about 50 ug to about 1 mg
equivalent of the immunogenic component in a volume of about 1ml to about 5ml. For
DNA vaccines, a preferred amount is from about 0 1 ugfml to about 5 mg/ml in a
volume of about 1 to about 5 ml. - The DNA can be present in "naked” form ar it can be

zdministered together with an agent facilitating cellular uptake (e.g.. in lipcsomes or
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cationic lipids). The important feature is to administer sufficient immunogen to induce
a protective immune response. The above amounts can be admirustered as stated or
catculated per kilogram of body weight. Dosage regime can be adjusted to provide the
upumum therapeutic response.  For example, several dwvided doses can be
admimstered or the dose can be proportionally reduced as indicated by the exigencies

of the therapeutic situation. Boaster administration may also be required.

Thea acoee of the present invention can further comprise one or more additional
immunomodulatory components such as, for example. an adjuvant or cytokine
moiecule. amongst others, that s capable of increasing the immune response against
the immunogenic component. Non-fimiling examples of adjuvants thal can be used in
the vaccine of the present invention xnclude‘g'ﬂwe RiBI adjuvant system (Ribi Inc,,
Hamilton, MT, USA), alum, mineral gels such as aluminium hydroxide gel, oif-in-water
emulsions, water-in-oil emulsions such as, for ‘example, Block co-pclymer (CytRx,
Atlanta GA, USA),QS-21 (Cambndge Biotech inc., Cambridge MA, USA), SAF-M
(Chiron, Emeryville CA, USA), AMPHIGEN® adjuvant, Freund's complete adjuvant;

treund's ncomplete adjuvant, and Saponin, QuilA o1 other saponin fraction,

. moraphosphoryl hpid A, and Avrnidine lipid-amine adjuvant. Other it ‘munomoduliatory

agents that can be included in the vaccine include, for example, one or more
cylokines, such as interferon and/or interleukin, or other known cyiokinas Non-ionic
surfactants such as, for example, poiyoxyethylene oley! ether and n-hexadecyl!

nyleri: ether may also be included in the vaccines of the present invention.

The vaccine composition can be administered in a convenient manner such as by oral,
intravenous (where water soluble), intramuscular, subcutaneous, intranasal,
intradermal or suppository routes or by implantation (e.g., using slow release
technology) Depending on the route of administration, the immunogenic component
may be required to be coated in a matecial to pratect it from the action of enzymes,
acids and other natural conditions which may inactivate #, such as those in the
digzstive tract
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The vaccine composition may also be admiristered parenterally or intraperitoneally
Disperstons can also be prepared in glycerol, liquid polyethylene glycois. and mixtures
thaeroof, or in cils  Under ordinary conditions of Storage and use, thesa pregarations
can contain a preservative o prevent the growth of microorganisms. Alterpatively, the
vaccine composittion can be stored in lyophilised form to be rehydrated with an

appropriate vehicle or carrer prior to use.

Pharmacsuticai forms suitable for injectable use include sterile aqueous solutions

{(where water soluble) or dispersions and sterile powders for the extemporaneous

preparation of sterile injectable solutions or dispersion. In all cases the farm must be -

fluid to the extent that easy synngabtlity exists, unless the pharmaceutical form s a
solid or semi-solid such as when slow release technology is employed. In any event,
it must be stable under the conditions of manufacture and storage and must be

preserved against the contaminating action of microorganisms.

Ine carrier may be a solvent or dispersion medium containing, for example, water,
Y '

einanol, polyol (tor exampie, glycerol, propylene glycol and liquid pc’sethylene glycol,

T and the ike) sutable mixtures thereof and vegetable oils  The proper fluidity can be

20

25
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mamnta:ned, for example, by the use of a coating such as leénhin, by the maintenance
of the required particle size in the case of dispersion and by the use of surfactants.
T svenon of the action of microorganisms can be brought about by various
antibacternal and antifungal agents such as, for example,, parabens, chlorobutanol,
phenol, sorbic acid, thimerosal and the like In many cases, it will be preferable 1o
include isotonic agents such as, for example,, sugars or sodium chloride. Pralonged
absorption of the injectable compositions can be brought about by the use in the
compositions of agants delaying absorption such as, for example,, aluminum
monaostearate and gelatin

Stertle iyectable solutions are prepared by incorporating the active compound in the
required amount in the appropriate solvent with various of the other ingredients

cnrerated above, as required, followed by filter-sterilization. Generally, dispersions
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ara prépared by incorporating the sterilized active ingredient inw a sterile vehicle
which contains the basic dispersion medium and the required other ingredients
scicected from those enumerated above. In the case of steril. powders for the
preparanan of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and the freeze-drying technigue which vield a powder of the active

ingredient plus any additional desired ingredient from previously sterile-filtered

SUlkaon thereof.

The present invention extends to vaccine compositions which confer protection against
infection by one or more i1solates or sub-types of L. intracellufans including those that
belong to the saFne serovar or serogroup as lawsonia intracellularis. The vaccine
composition preferably also confers protection aganst infection by other species of the
genus Lawsonia or other microorganisms related thereto: as determined at the
nucleotide, biochemical, structural, physiclogical and/or immunointeractive level; the
anly requirement being that said other species or other microorgan;sm expresses a
puypeptide which is immunologically cross-reactive to the polypeptide of the invention

Aasonined heren  For example, such related microorganisms may comprise genomic

T DNA whick s at least about 70% 1dentical overall to the genomic DNA of Lawsonia

infracellulans as determined using standard gencmic BDNA hvbridisaticn and analysis

techrimine

The terms "serogroup” and "serovar” relate to a classification of microorganisms which
is based upon serological typing data, in particular data obtained using agglutination
assays such as the microscopic agglutination test (MAT) Those skilled in the art will
be aware that serovar and serogroup antigens are a mosaic on the celt surface and,
as a consequence there will be no strict delineation between bacteria belonging to a
serovar and/or serogroup Moreover, organisms which belong to different species may
be classified into the same serovar or serogroup because they are indistinguishable
oy anligenic determination. As used herein, the term “sercvar” means one or more
Lawsoma strains which are antigenically-identical with ros -act to antigenic

determinants produced by one or more loci. Quantitatively, serovars may be
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differentiated from one another by cross-agglutination absorption techniques. As used

rarein, the tarm "serogroup” refers o a group of Lawsonia spp. whose inembers cross-
agglutinate with shared group antigens and do not cross-agglutinate with the members
of miner groups and. as a consequence, the members of a seregroup have more or

less close antigenic relations with one anocther by simple cross -aggiutination

I'he present invention thus clearly extends to vaccine compositions {or the treatment
and/or prophylaxis of animals, in particular, vaccine compositions for the treatment
and/or prophylaxis of porcine and/or avian species, against any bacterium belonging
to the same serovar or serogroup as lawsonia intracellularis. Preferably, such
organisms will express & polypeptide having an amino acid sequence identity of at
least about 70% overall with respect to SEQ ID NO'1 andlor at least about 50% with
respect to amino acids 1 to about 42 of SEQ 1D NQ. 1.

The present invention extends further to vaccine campaositicns capable of conferring
proiection against a “genetic variant” of Lawsonia mfracellularis, th:- only requirement
pegg that said variant expresses & polypeptide having an overall amino acd
sequence waentity of at least about 70% with respect to SEQ 1D NO-1 and/or at least
about 50% with respect to amino acids 1 1o about 42 of SE£Q ID NC:1 or a homologue,
2L rgue or denvative thereof which is immunologically cross-reactive thereto.
Genetic variants of L. intracellularis can be developed by mutation, recombination,
conjugation or transformation of L. intraceliulans or may occur naturally it wiil be

known to a person skilled in the art how to produce such derivatives.

In a particularly preferred embodiment, the vaccine composition of the invention is
intended for or suitable for the prophylaxis and/or treatment of infection in a porcine
or avian arumal and more preferably, for prophylaxis and/or treatment of a porcine

ariinal far infection by L infracellularis

'n a particularly preferred embodiment. the vaccine composition f the invention is

ilended for or suitable for the prophylaxis and/or treatment of infection in a porcine
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of avian ammal and more preferably, for prophylaxis and/or treatment of a porcine

animal for infection by L. intracellularis.

Accourdingly, the present-invention clearly extends to the use of the ymmunogenic
polypeptide of the invention according Lo any one of the preceding emboduiments or as
caciaplified herein in the preparation of a medicament for the treatment and/or

prophyiaxis of PPE in animals, particularly porcine or avian animais.

The invention further extends to a method of treatment and/or prophylaxis of PPE in
an animal such as an avian or porcine animal, said method comprising administering
the vaccine composition or the immunogenic polypeptide of the invention as described
or exemplified herein to said animal for a time and under conditions sufficient for an
immune response to occur thereto. Preferably, in the case of admunistration of a
vaccine composition, the immune response to the in-'nmunogen is a protective immune

response

Those skilea 1n the art will recognise the general applicability of the invention in

- vaccinating animals other than porcine and avian animals agamst L infracellularis

30

and/nr ratated mycroorganisms. In the general application of the vaccine of the present
invention, the only prerequisite is that the animal on which protection is conferred is
capable of being infected with Lawsonia infracellularis and/or a related microorganism
thereto and that, in the case of a related microorgamism to L. intracellularis, said
related microorganism expresses a B-cell or T-cell epitope which mimics or cross-
reacls with the polypeptide component of the vaccine composition descnbed herein
Animals which may be protected by the vaccine of the present invention include, but
are not limited to, humans, primates, companion animals (e.g., cats, dogs), livestock
animals (e.q, pigs, shaep, cattle, harses, donkeys, goats), {aboratory test animals
{e g . mice, rats, guinea pigs, rabbits) and captive wild animais (e.g., kangaroos, foxes,
deer) The present mvention also extends to the vaccination of birds such as pouluvy

birds game birds and caged birds.
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Tre present invention further extends to combination vaccines comprising an effective
armount of a first immunogenic component comprising the polypeptide of the present
invent:on combined with an effective amount of a second immunogenic cofnponent
comprising one or more other antigens capabie of pralocting a porcing animal, or bird,
st @nine Lawsona spp. or another pathogen that infects and causes disease n
said animal. In a preferred embodiment, the second immuncgenic component is
selected from the group consisting of the L. infracellufaris autolysin, hemolysin, FIgE,
and OmpH polypeptides and homologues, analogues or derivatives thereof, in
particular immunogenic variants or derivatives thereotf, and nucleic acid molecules

encoding same.

The solated or recombinant SodC polypeptide of the invention or an immunaolagically- -

equivalent homologue, analogue or denvative thereof is also useful for the preparation
of immunologically mteractive molecules which are useful in the diagnosis of infection

of 57 arumal by { awsonia spp., in particular by L intracellularis or : “elated organism

thereto

- As used herein, the term "immunologically interactive molecule” includes antibodies

« .. w.wutbody derivatives and functional equivalents, such as aFab, or a SCAB (single-
cham antibody), any of which optionally can be conjugated to an enzyme, radioactive
or fluorescent tag, amongst others. The only requirement of such immunologically
interactive molecules 1s that they are capable of binding specifically to the
immunogenic polypeptide of the present invention as hereinbefore described.

Accordingly, a further aspect of the invention extends to an immunologicaltly interactive
molecule which is capable of binding to any one or more of the following:
Q) a peptide, oligopeptide or polypeptide which comprises an amno acid
sequence which has at least about 70% overall sequence 1dentity to the amino
acid sequence set forth in SEQ 1D NO.1,

fu} a peptide, cligopeptide or polypeptide which comprises an ammno acid

sequence which comprises an amino having at icast about 50% overall
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sequence identity to amino acid residues 1 to 42 of SEQIL NO-1;

(i1} apeptide cocmprising at feast 5 contiguous amino acid residues derived
from amino acids 1 to about 42 of SEQ ID NO 1, or

(wv)  ahomologus, analogue or derivative of {i} or (i) or (iti) which mimics a

8-cell or T-cell epitope thereof.

In a preferred embodiment, the immunologically interaciive molecule is an antibody
that binds specifically to a polypeptide cansisting of tha amino acid of SEQ 1D NO:1,
or to the first forty two amino acids thereof.

Conventional methods can be used to prepare .the immunologically interactive
molecules For example, by using a polypeptide of the present invention, polycional
antisera or moncoclonal antibodies can be made gsiqg standard methods. For example,
a mammal. (e g, a mouse, hamster, or rabbit) can be immunized with an immunogenic
form of the polypeptide of the present invention which elicits an antibody response in
the mammal, Techniques for conferring immunogenicity on a polypeptide include

conjugation to carriers, or other techniques weil known in the art a0 example. the

“pet mectds can oe administered in the presence of adjuvani or can be coupied to a

carner molecule, as known in the art, that enhances the immunogenicity of the
potypeptide The progress of immunization can be momitored by detection of antibody
titres in plasma or serum Standard ELISA or other immunoassay can be used with
the immunogen as antigen to assess the levels of antibodies. Following immunization,
antisera can be obtained and, for example, IgG molecules corresponding to the
polycional antibodies can be isolated from the antisera. |

To proaduce monoclonal antibodies, antibody producing celis (lymphocytes) can be
harvested from an animal immunised with a peptide of the present invention and fused
with myeloma cells by standard somatic cell fusion procedures, *“us immortalizing
thzse calls and yelding hybridoma cells. Such techruques are well known in the art,
and include, for example, the hybridoma technique originally developed by Kohler and
Milstein (1975), as well as other techniques such as the human B-cell hybridoma
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techinigue (Kozbor ef a/, 1983). the EBV-hybrnidoma technique to produce human
maorocional antibodies (Cole et af., 1985), and screening of combinatorial antibody
libraries (Huse et a/, 1989). Hybridoma cells can be isolated and screened

W=t acaiiy for production of antibodies that are specifically reactive with the

polypeptide and monoclonal antibodies isolated therefrom

As with all immunogenic compositions for eliciting antibodies, the immunogenicailly
effective amounts of the peptides of the invention must be determined empirically.
Factors to be constdered include the immunogenicity of the native peptide, whether
or not the peptide will be complexed with or covalently attached to an adjuvant ar
carrier protein or other carrier, the route of administration for the composition, 1.e.,
intravencus, intramuscular, subcutaneous, efc., and the number of immunizing doses
to be admintstered Such factors are known in the vaccine art and it 1s well within the

skill of immunologists 1o make such determinations without undue »xperimentation.

Ihe term “antibody” as used herein, is intended to include fragments thereof which are
also specifically reactive with a peptide that mimics or cross-reacts with a2 B-celt or T-
wiil v edepe of the Lawsonia intraceliularis SodC polypeptide set forth in SEQ ID NO:1.
Arzibodies can be fragmented using conventional techniques and the fragments
screencd for ulility i the same manner as described above for whole antibodies. For
example, F(ab)2 fragments can be generated by treating antibody with pepsin. The

resulting F(ab')2 tragment can be treated to reduce disulfide brnidges to produce Fab’
fragments.

It is within the scope of this invention to include any secondary anttbodies
(monoclonal, polyclonal or fragments of antibodies), including anti-idiotypic antibodies,
directed to the first mentioned antibodies discussed above. Both the first and second
antibodies can be used in detection assays or a first antibody can be used with a
commercially available ant-immuneoglabulin antibody \ An antibody as contemplated
herein includes any antibody specific to any region of a paptde which mimics, or

cross reacts weh 5 B-cell or T-cell epitope of the Lawsonis infracelfufans SodC

pi
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polypeptide set forth in SEQ 1D NO:1 as hereinbefore described.

The antinradizs described herein are useful for determining B-cell or T-cell epitopes
2t tre amino acd sequence set forth in SEQ 1D NO: 1 such as, for example, by testing

the ability of synthetic peptides to crass-react immunclogically with said amino acid

sequence or to elicit the production of antibadies which cross-react with said amino

acid sequence. Using methods described herein, poiyclonal anubodies, monocional
antibodies or chimeric monoclonal antibodies can also be raised to peptides which
mimic or cross-react with a B-cell or T-cell epitope of the Lawsonia infracellularis
So0dC polypeptide set forth in SEQ 1D NO'1 |

Mare particularly, the polycional, monoclonal or chirneric menoclonal antibodies can
o2 used to detect the peptides of the invention and/or any homologues, anaiogues or
d=nvatives thereof, in vanous bioclogical materials. For exampie, they can be used in
an LLISA, radicimmunoassay, or histochemical test in other words, the antibodies
can be used to test for binding to a polypeptide of the invanticn or 10 a homologue,
anrtemee s csonoghive theraof, in a biological sample 1o diagnose the presence of

i.awsonia intracellularis therein.

Accordingly, a further aspect of the invention provides a method of diagnosing
infection of an animal by Lawsonia intracellularis or a related microorganism thereto,
said method comprising the steps of contacting a biological sample derived from said
animal with an immunologically interactive molecule which is capable of binding to a
peptide, oligopeptide or po!ypeptidg comprising the ardino acid sequence set forth in
SFQ 1D NO 1 or 2 homologue, analogue or derivative thereof, fo- a time and under
canditions sufficient for an antigen-antibody complex to form, and detecting said
sonplex tormation.  According to this embodiment of the pre: 2nt jnvention, the
immunoiogically interactive molecule is preferably an antibody molecule prepared
against the i awsona intracellulans SodC polypeptide set forth in SEQ ID NO:1 or an

analogue or derivative thereof



(W]

ot
!

10

15

1)
wr

TR T VSON A TR LS

.43 -

The biological sample is one which might contain a polypeptide having an amina acid
sequence set forth in SEQ ID NO:1 or a homclogue, analogue or derivative thereof,
2o zular A biclogical sample derived from a porcine or avian host of the pathogen
Lawsoma intracellulans or a related microorganism theretc, and can include any
appropnate tissue or fluid sample from the animal. Preferred biological samples are
denved from the iteum, caecum, small intestine, large intestine, whéle serum or lymph
nodes of the parcire or avian host animal being tested. Alternatively or in addition the

biological test sample may comprise faeces or a rectai swab derived from the animal.

To distinguish L. intraceffulans from other microorganisms resident in the gut or other
organ of an animal, the antibodies shouid not be prepared against highly-conserved
epriopes of SodC such as those regions of at least S amino acids in length which are

conserved between L. intracellulans and E.coli as set forth in Figuie 1.

Conventional immunoassays can be used to perform this embodiment of the invention.
A wida rann= of immuncassay techniques are avallable as can be seen by reference
to US Patent Nos. 4,016,043, 4,424,279 and 4,018,653 These. of course, include

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

20
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well as the traditional competitive binding assays. These assays also include direct
binding of a labelled antibody to a target. It wil} be readily apparent to the skilled
technician how to modify 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 alternative embodiment. the present invention contempiates a method of
identtying whether ar not an ammal has suffered from a past infectinn, ar is currently
infected with L awsonia intracellufans or a related microarganusm thereto, said method
comprising contacting blood or serum derived from said animal with the immunogenic
polypeptide of the invention for a time and under conddions sufficient tor an
& arnoocy complex to form, and detecting said complex formation. This

ambociment differs from the embodiment described supra in that «t relies upon the

o . . . T
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detection of circulating antibodies against Lawsonia intracellularis or related organism
e 5o mals blood or serum which are present as a consequence of a past or
present infection by this pathogen. However, it will be apparent to those skilled in the
an that the principle of the assay format is the same As with other embodiments of the
nvention referred to supra. conventionat immunoassays can be used. Persons skilled
in the art will readily be capable of varying known immunoassay formats to perform the
present embodiment. This embodiment of the invention can also utilise dernivatives of
blood and serum which comprise immunologically interactive motecules such as, for
example, partially-purified 1gG or IgM fractions and buffy coat samples, amongst

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

A fu&her aspect of the present invention provides an isolated nuc :ic acid molecule
which cbmprises a sequence of nucleotides which encodes, or 1€ compiementary to
a nucleic acid molecule which encodes, a pepude. oligopeplide or polypephide
selected from the following:
iy a pepude, ohgopeptide or polypeptide which comprises an amino acid
sequence having at least about 70% identical overzil 10 the amino acid
sequence set forth in SEQ 1D NO-1;
(i1) a peptide. wligopeptide or polypeplide wh(ch-compnses an amino acid
sequence having at least about 50% identity to amino acid residues from about
position 1 to about position 42 of SEQ ID NO:1;
(iit) a peptide comprising at least 5 contiguous amino acids denved from
SEQ ID NO.1, or
{iv) a homologue, analogue or derivative of (1) or (ii} which mimics a B-cell

or T-cell epitope of Lawsonia spp.

In a preferred embodiment, the present invention provides an isolated nucleic acid
molecule comprising a sequence of nucleotides which encodes, or s compiementary
to a nuelein acid molecule which encodes, a polypeptide immunogen which comprises,
mirics or cross-reacts with a B-cell or T-cell epitope of the Lawsonia intracefiularis
SodC polypeptide set forth in SEQ 1D NO:1.

w
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In a particularly prefarred embodiment. the present invention provides an isclated
seossic acld molacule comprising a sequence of nucleotides encoding the L.
it aceliulans SodC polypeptide having an amino acid sequence set forth in SEQ 1D

NO. 1 or cneoding about the hrst forty-two amino acid residues thereof.

It is within the scope of the invention to encompass polymeric forms of the
tmmunogenic polypeptide described herein, such as aggregates of the amino acid
sequence set forth in SEQ 1D NO.1 or a homologue, analogue or derivative thereof or,
alternatively, as polypeptidaes comprising repeats of the amino acid sequence set forth
n SFQ D NO:1 or a homologue, analogue cr derivative thereof. The present [nvention

cxicnds further to nucleic acid molecules encoding such polymenc forms.

thereaof

Altern—tively ¢r 17 2ddition, the isolated nucleic acid molecule of the invention further
CNRHIES @ sequehoe of nucleotides which has at least about 70% overall sequence
identity fo the nucleotide sequence set forth in SEQ ID NO:2 or to a comptementary

" nucleotide sequence thereof More preferably, the percentage sequence identity to

20

SEQ 1D NO 2 or to a complementary nucleotide sequence thereto is at least about
80% Stli more preferably, the percentage sequence identity (s at least about 90%.
Yet still more preferably, the percentage sequence identity is at least about 95%.

In a preferred embodiment, the nucleic acid molecule comprises the nuclieotide
scquence set forth in SEQ 1D NO:2, or the SodC-encoding nucleotide sequence
present in pALK14 (ATCC 207155), or a degenerate variant therect, 'nd complements

therecf

In determining whether or not two nucleotide sequences falf within these percentage
P - s ckiled in the art will be aware that it 1s necessary to conduct a side-by-
stde compartson or muitiple alignment of sequences. In such comparisons or

alignments. differences may arise in the positioning of non-identical residues,
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Aem L Uz eoon e algonthm used to perform the alignment. In the present context,
raference to a percentage identity between two or more nucleotide sequences shall
be taken to refer to the number of identical residues between said sequences as
determined using any standard algorithm known tfo those skilled in the art. For
example, nucleotide sequences may be aligned and their identity calculated Lising the
BESTFIT programme or other appropriate programme of the Camputer Genetics
Group, Inc , University Research Park, Madison, Wiscansin, United States of America
(Devereaux et a/, 1984)

Alternatively or in addition, the 1solated nucleic acid molecule of the invention is
capable of hybridising under at least low stringency conditions .1 the nucieotide
sequence set forth in SCQ ID NO:2 or to a complementary nucleotide sequencé
thereto or to a nucleic acid fragment camprising at least about 20 contiguous
nucleotides in length derived from the sequenée set forth in SEQ ID NO:2 orto a

- Zimeniary nucleotide sequence thereto.

Preferably, said nucleic acid molecule is capable of hybrnidising under at least

- moderate stringency conditions, and even more preferably under high stringency

conditions.

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

Genernllv the cirimgency is increased by reducing the concentration of SSC buffer,
anw/or ‘noreasing the concentration of SDS and/or increasing the temperature of the
hybricisation and/or wash Those skilled in the art wili be aware that the conditions

for hybridisation and/or washing may vary depending upon the nature of the
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rwbnwsation membrane or the type of hybridisation probe used. Conditions for
hybridisations and washes are well understood by ona normally skilled in the art. For
the purposes of clarification of the parameters affecting hybridisation between nucleic
acid molecuies, reference is found in pages 2.10.8 to 2.10.16. of Ausubei et al. (1987),

which 18 herein incorporated by reference.

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

recombinant univalent or polyvaltent recombinant vaccines.

In such cases, the nucleic acid molecule will be operdbly connected to a2 promofter
sequence which can thereby requlate expression of said nucleic acid molecule in a

presc rouL o eukaryotic cell as described supra

The genetic construct optionally further comprises a terminator sequence The term

“terminator” refers to a DNA sequence at the end of a tianscriptional urut which signals

- termination of transcription. A “terminator” is a nucleotide sequence, generally located

within the 3'-non-translated region of a gene or mMRNA, combrising 2 polyadenylation

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

3'-end of a primary mRNA transcript. Terminator sequances may be isolated from the

>
N

30

genetic sequences of bacteria, fungi, viruses, animals and/or plarts Terminators

acttve 1n animal cells are known and described in the literature.

In a preferred embodiment, the genetic construct can be a cloning or expression
vector, as known In the art, such as a plasmid, cosmid, or phage. comprising a nucleic
acid molecule of the present invention, and host cells ‘ransformed or transfected

1 i a2 non-limiting embodiment, the vector is plasmid pALK14 (ATCC
At iwion No 207155).

The genetic constructs of the present invention are particularly useful for producing
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the proteinacaous immunogenic component of the vaccine, composition described

herein or for use in a DNA vaccine

A rangc of genetic diagnostic assays to detect infection of an animal by Lawsonia
intracellularis or a related microorganism can be employed using the nucleic acid
molecule described herein such as, for example, assays based upon the polymeras}e
chain reaction (PCR) and nucleic acid hybndisation. All such assays are

contemplated in the present invention,

Accordingly, a still further aspect of the invention provides a di..Jnostic method of
detecting Lawsonia intraceilularis or reiated microorganism in a biological sample
derived from an anima! subject, said method comprising the steps of hybridising one
or more probes or primers dernved from the nucleotide sequence set forth in SEQ 1D

N s or & complementary nucleotide sequencé thereto ar a homologue, analogue or

s derivative thereof, to a DNA or RNA molecule present in said sample and then

detecting sawd hybridisation using a detection means

As used horein, the term “probe" refers to a nucleic acid molecule which is derived
{from the nucleotide sequence set forth in SEQ ID NO.2 and which is capable of being
used tn the detection thereof. Probes may comprise DNA (singie-siranded or double-
stranded) or RNA (i.e., nboprobes) or analogues thereof.

The term "pnimer'” refers to a probe as hereinbefore defined which is further capable
of being used to amplify a nucleotide sequence from Lawsonia infracellularis or a
related microorganism thereto, in a PCR.

Preferred probes and primers include fragments of the nucleotide sequence set forth
n SEQ 1D NO.2 and synthetic single-stranded DNA or RNA molecules of at least
about 15 nucleohdes in length dernived from the sequence set forth in SEQ 1D NO'2 or

a complementary nucleotide sequence thereto
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’referably probes and primersr according to this embodiment will comprise at least
about 20 contiguous nucleotides derived from SEQ D NO:2 or a complementary
sequence thereto, even more preferably at least about 25 contiguous nucleotides, still
even more preferably at feast about 50 contiguous nucleotides and even more
preferably at least about 100 nucleotides to about 500 nucleotides derived from the
sequence set forth in SEQ ID NO:2 or a complement thereof. Probes and primers
comprising the full-length of SEQ ID NQ:2 or a complementary nucleotide sequence
thereto are also encompassed by the present invention.

For the present purpose, "homologues” of a nucleotide sequence shall be taken to
refer 1o an solated nucleic acid molecule which encodes a polypeptide that s
functionally equivalent to the polypeptide encoded by the nucleic acid molecule of the
©reL D henion OF 1o a polypeptide which is a homologue, analogue or derivative of
SEG 1D NC. 1, notwithstanding the occurrence Qvitﬁin said sequence. of one or more

riucieotide substitutions, insertions, deletions, or rearrangements.

"Analoguas" of a nuclachde sequence set forth herein shalf be taken to refer to an

- 1solated nucleic acid molecule which encodes a functionally-equivalent polypeptide to

the polypeptide encoded by the nucleic acid molecule of the present invention or a
homologue, analogue or derivative ot a polypeptide having the aminc acid sequence
of SEQ ID NO.1, notwithstanding the occurrence of any non-nucleolide constituents
not normally present i said tsolated nucleic acid molecule such as, for example,
carbohydrates, radiochemicals including radio nucleotides, report-~ molecules such

as, bul not bmited to biotin, DIG, élkalme phosphatase or horseradish peroxidase,
amongst others

ez’ of a nucleotide sequence set forth herein shalt be taken to refer to any
-’ ated nuclelc acid molecule which contains at least about 50% nuclectide sequence
identity to 15 or more contiguous nucleotides present in the nucleotide sequence set
forth in SEQ 1D NO.2 or a complementary nucleotide sequence thercto. Generally, the

nucleotide sequence of the present invention may be subjected to mutagenesis to
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praduce single or multiple nucleotide substitutions  deletions and/or insertions.
Nucleotide insertional derivatives of the nucleotide sequence of the present invention
include 5” and 3 terminal fusions as well as intra-sequence nsertions of single or
multiple nucleotides or nucleofide analogues. Insertional nucleotide sequence
variants are those in which one or more nucleotides or nucleotide analoguss are
introduced into a predetermined site in the nucleotide sequence of said sequence,
although random insertion is also possible with suitable screening of the resulting
preduct being performed.  Deletional nucleotide sequence varianis are characterised
by the removal of one or more nucleotides from the nucledtide sequence.
Supsitutional nucleotide sequence variants are those in which at least one nucieotide
in the sequence has been removed and a different nucleotide or nucleotide analogue
inserted in its place  In a preferred embodiment, such substitutions are selected
uased on the degeneracy of the genetic code, as known 1n the art, with the resulting
substitutional variant encoding the amino acid sequence of SEQ 1D NO:1 or at least

about the first 42 amino acids thereof.

Probes or pnmers can comprise inosine, adenine, guanine, thymidine, cytidine or
uracd residues or functional analogues or derivatives thereof that are capable of being
mncorporated into a polynucleotide malecule, provided tﬁat the resulting probe or
primer is capable of hybridising under at least low stringency conditions to SEQ 1D
NGO 2 or to a complementary nucleotide sequence thereof, or 1s at least about 70%
«dentical to SEQ ID NO:2 or to a complementary nucleotide sequence thetcof.

The bioiogical sample according to this aspect of the invention includes any organ,
tissue, cell or exudate which contains or 1s likely to contain Lawsonia intracellulans or
a nileic 20 denived therefrom. A biological sample can be prepared in a suitable
solution such as, for example, an' extraction buffer or suspension buffer. The present
invention extends to the testing of biological solutions thus prepared, the only
requirement being that said solution at least compnises a biological sample as

described herein

13/
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The diagnostic assay of the present invention is useful for the detection of Lawsonia

infracelfufaris or a microorganism which is related thereto which expresses the SodC

polypeptide of the present invention or a SodC-like polypeptide.

The present invention clearly contemplates diagnastic assays which are capable of
both genus-specific and species-specific detection. Accordingiy, ir 0ne embodiment,
the probe or primer, or a homologue, analogue or denvative thereof, comprises DNA
capable of being used to detect multiple Lawsaoria spp. In an altern~tive embodiment,
the probe or primer or a homologue, analogue or derivative thereof comprises DNA
capable of being used to distinguish Lawsonia intracellulans from related

microorganisms

Less-highly conserved regions within SEQ ID NO.2, such as those encoding about
amino acid residues from about position 1 to‘ about position 42 of the Lawsonia
intracellularis SodC polypeptide set forth in SEQ D NO.1. are patticularty useful as
species-specific probes and/or primers far the detection of L. mtraceliularis and very
closely related species.

Furthermore, the diagnostic assays described herewnn can be adapted te a genus-
specific or species-specific assay by varying the stringency of the nybridisation step.
Accordingly, a low slringency hybridisation can be used to detect several different
species of Lawsonia in one or more biological samples being assayed, while a high
stningency hybridisation can be used to distinguish Lawsonia infracefiularis from such
other species.

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

acid-based detection means, including restriction fragment length polymorphism
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(RFLP), amplified fragment length polymorphism (AFLP), single-strand chain
polymorphism (SSCP), amplification and mismatch detection (AMD). interspersed
repelitive sequence polymerase chain reaction (IRS-PCR), inverse polymerése chain
reaction (iPCR), n situ polymerase chain reaction and reverse transcription

polymerase chain reaction (RT-PCR), amongst others.

Where the detection means is a nucleic acid hybridisation techitque. the crobe can
e labelled with a reporter molecule capable of producing an identiiable signat (e q ,
a radioisotope such as P or® S, or a biotinylated molecule). According to this
embodiment, those skilled in the art will be aware that ihe delection of said repaorter
mel=tule nrovides for identification of the probe and that, follocwing the hybridisation
recachon, the detection of the corresponding nucleotide sequences in the biological
sample 1s facilitated. Additional probes can be used to confirm the assay results

obtained using a single probe.

A variation of the nucleic acid hybndisation technique contemplated by the present
invention is the paper chromatography hybridisation assay (PACHA) described by
Remhartz ef al. (1993) and equivalents thereof, whereir: a target nucieic acid molecule
i1s labelled with a reporter molecule such as biotin, épplied o one end of a
rmlrocellulose or nylon membrane filter sinp and subjected to chromatography under
inz action of capillary or other forces (e.g., an electric field) for 2 time and under
condiions sufficient to promote migration of said target nucleic acid along the length
cf said mermbrane (o a zone at which @ DNA probe is immobilised thereto such as, for
example, in the middle region. According to this detection format, labelled target

> sewd comprising the Lawsonia spp. nucleotide sequences complementary to
the probe will hybridise thereto and become unmobilised in that region of the
membrane to which the probe 1s bound Non-complementary sequences {o the probe
will diffuse past the site at which the probe is bound The target nucleic acid may
comprise a crude or partially-pure extract of DNA or RNA or, altemnatively, an ampified
or purified DNA. Additional variations of this detection means which utilise the

nucleotide sequences described herein are clearly encompassed by the present

132
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Wherein the detection means is a RFLP, nucleic acid derived from the biological
sample, in particular DNA, is digested with one or more restniction endonuclease
enzymes and the digested DNA is subjected to electraphoresis, transferred to a solid
support such as, for example, a nylon or nitrocellulose membrane, and hybridised to
a probe optionally {abelled with a reporter moleculz as her..nbefore defined.
Accarding to this embodiment, a specific pattern of DNA fragments is displayed on the
support, wherein said paltern is preferably specific for a particular Lawsenia species

to enable the user to distinguish between different species of the bacterium.

VWherein the delection means is an amplification reaction such as, for example a
polymerase chain reaction or a nucleic acid sequence—bésed amplification (NASBA)
system or a variant thereof same, one or more nucleic acid primer molecules of at
least 15 contiguous nucleotides in length derivable from SEQ ID NO:2 or its
complemantary nucleotide sequence, or a homologue, analogue or derivative thereof,

is hybridised to nucleic acid derived from a biologica! sample. and nuclei¢ acid copies

" ofthe SodC-encoding genetic sequences in said sample, or a part or fragment thereof.

v
[
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are enzymically-amphfied.

Those skilled in the art will be aware that there must be a sufficientiy high percentage
of nucleotide sequence idenhty between the primers and the sequences in the
biological sample template molecule to which they hybridise (i.e., the “template
moleade™ As s'sied previously, the stringency conditions can be varied 1o promote

hybridisation

Preferably, each primer 1s at least about 35% identical to a region of SEQ ID NO:2 or

its complementary nucleotide sequence in the template molecule to which 1t
hybridises

Those skilled in the art wilt also be aware that, in one format, PCR provides for the
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hybridisaticn of non-complementary primers to different strands of the template
molecule, such that the hybndised primers are positionad to facilitate the 5'- 3’
synthesis of nucleic acid in the intervening region, under the contra! of a thermostable
DNA polymerase enzyme. As a cansequence, PCR provides an advantage over other
detection means in so far as the nucleotide sequenca in the region between the

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

In an aiternative embodiment, wherein the detection means is AFLP, the primers are

selected such that, when nucleic acid derived from the biologicai sample, i particular

DNA 5 zr

EiNoTe
P

fiza, different length amplification products are produced from different

Lawsoria spp. The amplification products can be subjected to electrophoresis,

transferred to a sohd support such as, for example, a aylon or nitrocellulose

membrane, and hybridised to a probe optionaily labelled with a reporter molecule, as
hereinbefore described According to this embo-diment, a specific pattern of amplified
DNA fragments is displayed on the support, said pattern optionally specific for a
particular Lawsornia ssp., to enable the user to distinguish between different species

of the bazterium in much the same way as for RFLP analysis.

The technique of AMD facilitates, not only the detection 6f Lawsoma spp. DNA in a
biological sample, but also the determination of nucieotide seque~ce variants which
differ from the primers and probes used in the assay format. Wherein the detection
means 15 AMD, the probe is end-fabelled with a suitable reporter molecule and mixad
with an excess of the amplified template molecule Thce mixtures are subsequently
725 arzg 2nd allowed to renature to form nucleic acid "probe:template hybrid
reoigcules” or "hybrids”, such that any nucleotide sequence variation between the
probe and the temple molecule to which it is hybridised will disrupt base-pairing in the
hybrids These regions of mismatch are sensitive to specific chemical modification
using hydroxylamine {mismatched cytosine residues) or osmium tetroxide {mismatched
thymidine residues), allowing subsequent cleavage of the modified site using
piperidine The cleaved nucleic acid may be analysed using denaturing
polyacrylamide gel electrophoresis, followed by standard nucleic acid hybndisation as
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described supra, ta detect the Lawsonia-derived nucleotide sequences. Those skilled
in the art will be aware of the means of end-labelling a genetic probe according to the

performance of the invention described in this embodiment.

According to this embodiment, the use of a single end-tabelied probe allows
uneguivocal localisation of the sequence variation. The distance be’ veen the point(s)
of segquence vanaton and the end-label is represented by the size of the cleavage

product

.o ditcrnative embodiment of AMD, the probe is labelled at both ends with a

reparier molecule o faciitate the simultaneous analysis of both DNA strands

Wherein the detection means is RT-PCR, the nucleic acid sample comprises an RNA
molecuie which 1s a franscription product of Lawsonia-derived DNA or a2 hamologue,
analogue or derivative thereof. As a consequence, this assay format is particularly
useful when 1t 1s desirable to determine expression of one or more Lawsonra genes.

According to this embodiment, the RNA sample is reverse-transcribed to produce the

‘complementary single-stranded DNA which is subsequently amplified using standard

procedures

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

The present invention clearly extends to the use of any and all detection means
referred to supra for the purposes of diagnosing Lawsonia spp. and in particular

Lawsoma intracellulans infection in anuimal,

The amplification reaction detection means described supra can be further coupled to
a classical hybridisation reacthon detection means to further enhance sensilivity and
specificity of the inventive method, such as by hybndising the ampiified DNA with a

probe which is different from any of the pnmers used in the amphfication reaction
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Similarly, the hybridisation reaction detection means described supra can be further
coupled to a second hybridisation step emplaying a probe which is different from the

procbe used in the first hybridisation reaction.

A surther aspect of the invention provides an isolated probe or primer denved from

SEQ iD NO 2 or 2 complementary nucleotide sequence thereto.

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

EXAMPLE 1
SOURCES OF PIG TISSUE

Infected Pig Intestines
Sections of grossly thickened ilea were taken from pigs naturally or experimentally

afiacted by PPE  The presence of L intracellularis biactena in the nes was confirmed

" wsing rnmunofluorescent staining with specific monocional antbodies (McOrist ef al,

8]
W

30

1937} Anexample of a suitable antibody is monoclonat antibody 34 available from
th= University of Edinburgh, UK.

EXAMPLE 2
ISOLATION OF Lawsonia intracellularis BACTERIA FROM THE
INFECTED PIG ILEUM
Lawsouma intraceliulans bacteria were extracted directly from lesions of PPE in pigs by
filtration and further purified over a Percoll (Pharmacia, Uppsala, Sweden) gradient as
follows Infected ilea were collected from pigs and the presence of L. intracellufans
was confirrned histologically before storage at -80°C  Sections of ileum were thawed
and approximately 89 of infected mucosa were scraped from the intestinal wall The
mucosa was homogenised with 40 ml sterile phosphate buffered saline {PBS) on half

stzeed for 10 seconds using a Sorvall omnimixer  This suspension was centrifuged at
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2000 xg for 4 munutes. The supernatant was discarded and the cell pellet was
resuspended in 40 ml PBS and re centrifuged. This washing step was repeated twice
The cell pellet was then resuspended in 20 ml PBS and homagenised at fuil speed for

ara manute to release L infracellulans bacteria

This homogenate was centrifuged at 1000 xg for 4 minutes gi\}ing a pellet containing
a crude mixture of homogenised epithelial cells and intestna!l bacteria. The
supernatant was filtered using filters with pore sized 3 um, 1.2 um and 0.8 um
(vilhpore Corporation, MA, USA) The filtrate was centrifuged at 8000 xg for 30
menutes, resulting in a small pellet of L. infracefiulans bactena. The L. intracellulans
bactena were further purified using a 45% self forming Percol) gradient as follows. 2
mls of the bacterial preparation was mixed by inversion into 30 mls of a 45% self
forming Percoll {(Phannatia LKB, Uppsala, Sweden) gradient (45% v/v of Percoll, 150
mM NaCl). T'he gradients were centrifuged in a éorval centrifuge using the SS34 rotor,
at 20,000 rpm for 30 minutes at 4°C. Usually a number of bands form within the
gradient. The band (usually located approx. 10-20 mm from the base of the tube)
containing the L. infracelivlans bacteria was collected and the volume made up 1o 16
Tis with PBS.  lhe solution was then centrnifuged for 15 minutes ai 8000rpm. The
resuitant peliat was washed with PBS before being resuspénded in a final volume of

approximately one mi

EXAMPLE 3
PURIFICATION OF Lawsonia intracelfufaris GENOMIC DNA

Genomic DNA was extracted from Percoll-gradient purified Lawsonia intracefutaris

bactena recovered from infected pig llea scrapings (Example 2) by the methods
described by Anderson ef al (1984) and Sambrook ef a/ (1989).

Briefly, the L. intraceliulans cells were pelleted by centrifugation at 14,000 x g at 4°C
for 15 min  The cells were resuspended in 10 mi of TE buffer (1 mM Tris-HCI, 0.1 mM

F'DTA, pH 8.0) and centiifuged as before  The peliet was then resuspended mn 4 ml

(3]

©
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of TE buffer containing 4 mg/ml lysozyme (Sigma Chemicatl Co ) and incubated at
37°C for 20 min. SDS and proteinase K (Promega, Wi, USA) were added to final
concentrations of 1% (wiv) and 200 n.g/ml, respectively, and incubation was continued
at 4507 C for 4 hours. The lysate was then extracted with an equai voiume of phenol,
phicna! chioreform (1 1) and chloroform, respectively, and the nucleic acids were
recovered from the supernatant by ethanol precipitation The pellet was gently
dissolved in TE, treated with RnascA (Promega, Wi, USAj a1 37 'C for 30 rmin and then
= e with proteinase K in the presence of 0.5% (wiv) SDS for 1 h at 50°C. After
arother round of phenol.chioroform (1:1) and ethanol precipitation, the purified DNA

was dissolved in TE. The DNA was then stored at 4°C.

EXAMPLE 4
IMMUNOSCREENING OF A L. intracellularis LIBRARY USING EXPERIMENTAL
SERA FROM VACCINATED PIGS

The genomic DNA from Cxample 3 was partially digested with the restriction

<. lomuclease 5au3A (Promega) and ligated into Lambda ZAP Express (Stratagene,

" CA. USA) The lambda fibrary was plated on a lawn of E ccli iu.l-Blue cells at a

20

5G

aensity of 1.000 phage torming units (pfu) per 150 mm L-broth agar plate. The hibrary
was screened using the method described in the Protobiot Technical Manual
(Promeaa WI UISA) The filters were biocked in blocking buffer (10 mM Tris-HCI, pH
8 4. 150 mM NaCt, 0.05% Tween 20 and 5% blotto) prior to screening with sera from
the pigs Y12 and/or 395 The pigs Y12 and 395 had previously beén immunised with
formalin-killed L. intracellularis and heat-killed L intracellularis, respectively, as
described in Internationat Patent Application No PCT/AU96/00767. Positive plaques
identified in the primary screen were picked, replated at a lower density and
rescreened with either or both sera until an individual positive plagque was identified.
Plasmid DNA from the positive lambda phage clone was isolated by /n vivo excision,
as recommended by the manufacturer (Stratagene, CA, USA}. This clone, p98LISQ,
cordained the sodC gene of L infracellularis.
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EXAMPLE 5
ANALYSIS OF L. intracelfularis EXPRESSING PHAGE CLONES

'tragemid DNA from positive AZAP Express phage clones was isolated by in vivo

=«0135120, by the condiions recommended by the manufacturer (St atagene).

Plasmid DNA for restriction analysis was extracted by atkalin=-lysis, as described by
Sambrook ef a/ (1989), and for automated sequencing, using the High Pure Plasmid
wil. as recammended by the manufacturer (Boehringer Mannheim, Mannheim,
Germany).
10
The nuclectide sequence of the sodC gene of L infracellularis was obtained from the
clone pOBLISO identified in the preceding Example. DNA sequencing was perfoermed
by the Dye-terminator method of automated sequencing (ABI Biosystems, CA.
USA) The nucieotide sequence of the complete cbd}ng region of the s0dC gemnie is set
13 outin SEQ ID NO: 2. .

EXAMPLE 6
[DENTIFICATION OF L. Intracellularis COMPONENTS
Sequence similarity of the DNA molecules encoding pufative vaccine candidates
20 laentiﬁed from Example 4 and 5, was identified using the BLAST algorithm(Gish and
Stotos, 1823). Amino acid residues 43 to 57 and 62 to 64 of the Lawsonia
infracellutaris SodC sequence set froth in SEQ ID NO.1 have very high sequence
similarity to the Escherichia coli SadC polypeptides (Figure 1). Unique regions, in
particular residues 1 to 42 of the Lawsonia infraceliularis SodC polypeptide are
25 apparent from a comparison of the amino acid sequence of this polypeptide to those

from other microorganisms (Figure 1).
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EXAMPLE 7
EXPRESSION OF THE FULL-LENGTH SodC PROTEIN
T primary sequence of the native SodC protein appears to ma‘sh the Sequence
requircments for both a standard secretory signal peptide cleavage site and a
prokaryotic lipoprotein cleavage site. Bath cleavage sites are located at Ala26-Cys27

of the amino acid sequence set forthin SEQ ID NO-#

The expression of certain proteins can often be improved by fusing a short leader
peptide or a "protective peptide” to the Nterminus of the target protein This protective
peptide protects recombinant proteins from proteolysis {(Sung ef af . 1986, 1987 and
United States Patent No. 5,460,954).

To express the SodC protein, the nuclectide DNA sequerice encoding the putative
signal peptide of the SodC protein was removed from the full-iength SodC gene (SEQ
1D NO 2), to yield a signal sequence-deficient SodC polypeptide-encading sequence,
de=sgnated SS5(-)SodC. Second, a nucleotide sequence encoding the proteciive

papnde leader armimo agd sequence MCTTTTTTSL (PP SEQ ID NO.3)was fused to

" the 5'-end of $S{-)SodC, o yield PP-SS(-)SodC. Cloning details are presented in

20

Example 8 below.
EXAMPLE 8
AMPLIFICATION OF SodC

Template DNA for SodC was plasmid p98LI50. Plasmid p98LIS0 was excised from
Lambda ZAP Express (Stratagene Cloning Systems, La Jolia, Califomia) and is a pBK-
CMV denvative, which was identified by screening a L. infracellulanis genomic fambda

libraries with a-L. intracellularis pig antisera, as described in Example 4.

The PCR amplifications consisted of 0.1 ng of plasmid template. 1 uM each of the
forward primer (RA167°5° GGCCATGGGTACCACCACCACCACCACCICTCTGTC

¢ TOGTTACTTCAGAAGTCCATATG 3 SEQ ID NO- 4). and the reverse pnimer (RA175

S GGCTCTAGAGGTATATAAATATAAAGAGGTATG 3°, SEQ ID NO: 5); 7.5 units

131
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KienTagl polymerase (Ab Peptides, Inc, St Louis, Missoun) 0075 units Pfu
colvmerase (Stratagene Cloning Systems, La Jolla, California) 1 x PC2 (K!'enTaal)
bufee and 0 2 mM dNTPs in a 50 ul volume. PCR was carriad out In 4 stages: (i)
S5 T far Smin (57). (1) 34°C for 1 mun, 58*C for 30 seconds, 72°C for 1.5 min, x 33
cycles; (iii) 72°C for 10 min, (iv) hold at 4°C

The PCR fragment containing the SodC gene of L. intraceflulans was dubcloned into
pCR2.1-TOPO (Invitrogen Corp., Carisbad, CA) and designated pALK14. The pCR2.1-
TOPO intermediate plasmid was digested with Ncol and EcoR! and the 06 kb
fragment excised therefrom was gel-purified and sub-cloned into Ncol- EcoRli-digested
pET28b, to produce the PP-SS(-)SodC expression plasmd, pRLO32. In this plasmid,
the ATG start codon of PP-SS(-)SodC is directly downstream from the ribosome-
binding site The expression of the PP-SS(-)SodC protein from this plasmid is under
contral of the T7 promoter, which is inducible by IPTG. The plasm’d was introduced

inw £. coli BL21 {DE3) cells for expression of the modified SodC protein.

MICROORGANISM DEPOSITS

Tz plasmid pALK14 was deposited with the American Type Culture Coliection
(ATCC) at 10801 University Boulevard. Manassas, VA 20110, USA on 11th March,
1989 and was assigned ATCC Accession N0.207155
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WE CLAIM
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An 1solated or recombinant immunogenic polypeptide which comprises.
mimics or cross-reacts with a B-cell or T-cell epilope of a Lawsonia spp SodC

N

R N A

2. The isolated or recombinant immunogenic polypeptide of claim 1 capable of

eliciting the production of antibodies against Lawsonia spp. when administered to an
avian or porcine animai.

3. The isolated or recombinant immunogenic polypcptide of claim 1 capable of
conferring a protective immune respanse against { awsonia spp when administered
{0 an avian or porcine animal.

d The isolated or recombinant immunogenic polypeptide of ¢. 1im 2 wherein the

Lawznma spo is L. intracellulans

5. The isclated or recombinant immunogentc poiypaptidz of claim 3 wheremn the

Cavesania spo. is L. infracellulans.

5 An isolated or recombinant immunogenic poiypeptide selected from the
following-
() a peptide, oligopepltide or polypeptide which comprises 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;
(1} a peptide, oligopeptide or polypeptide which comprises an amino acid
sequence having at least about 50% sequence identity overall 1o amino acid
residues 1 to 42 of SEQ ID NO: 1; or
L} a homologue, analogue or derivative of (i) or (1) which mimics a B-cell

'r 1-vel epriope of a Lawsonia spp. SodC polypeptide.

ezi2d of fecombinant immunogenic polypeptide of claim 6 capable of

(23

w

({23

L}
i\

3¢
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olicthing the production of antibodies against Lawsoni@ spp. \n a porcine or avian

aremai.

i1 isolated or recombinant immunogenic polypeptide of claim 7 capable of
comarring a protective immune response against Lawsonia sop. in a porcine or avian

animal.

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

inducing hurmoral immunttly against Lawsoma spp. i a porcine or avian animal

10 The isolated or recombinant immunagenic polypeptide of ctaim 9. capable of

inducing humoral immunity against Lawsoma spp. in a parcine animal.

P9 The ;solated or recombinant nmmunogenic polypeptide of ciaim 8 wherein the

Lawsorua spo s L. intraceflularis.

12 Thea:<-":led r recombinant immunagenic polypeptide of claim 10 wherein the

Lawesma spp s L ontracellulans

13 The isolated or recombinant immunogenic polypeptide of claim 6 that comprises
the amino acid sequence set forth in SEQ ID NO: 1 or the amino acid sequence
encoded by the SodC-encoding nucleotide sequence of pALK14 (ATCC 207155) and
1s capable of eliciting the production of antibodies against Lawsonia ntraceilularis

when administered to an avian or porcine animal

14 {hesolated or recombinant immuneogenic polypeptide of claim 13 that consisls
=zzsentally of the amino acid sequence of SEQ 1D NO. 1 or the amino acid sequence

2+ 2.o=d by the ScdC-encoding nucleotide sequence ot pALK14 (ATCC 207155) .

15. The isolated or recombinant immunogenic polypeptide of clawn 13 or 14 capable

e
4

3 - pretecuve iImmune response against Lawsonia intracefluians in a parcine
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o1 avian amimal

a~ vy

e anlsled o recombinant romunogenic polypeptide of claim 1S capable of
acing a protective inmune response against Lawsonia intracellufans in a porcine

animal.

17  The 1solated or recombinant immunogenic polypephtide of claim 6 that comprises
amino acid residues about 1 to about 42 of SEQ ID NO 1 and is capable of eliciting
the production of antibodies against Lawsonia intracellularis when administered to an

avian or porcine animal

18  The isolated or recombinant immunagenic polypeptide of claim 17 that consists

csaentially of about amino acid 1 to about amino acid 42 of SEQ . NO: 1

19 The isolated or recombinant immunogenic polypestide of claim 17 capable of
inducing a protective immune response against Lawsoria iniraceliulans in a porcine

b oethal

20 The jsolated or recombinant immunogenic polypeptide of claim 19 capable of

inducing a protective immune response against Lawsonia iniracellularns in a porcine
animal

21 A vaccine composition for the prophylaxis or treatment of infection of an animal
by Lawsonia spp . said vaccine composition comprising an etfective amount of an
Immunogenic component which comprises an isolated or recombinant polypeptide
raving at least about 70% sequence identity overall to the amino acid sequence set
fr>7hin SEQ ID NO 1 or at least about 50% sequence identity overall to amino acid
re<tdines 1 ta 42 of SEQ 10 NO' 1 or an immunogenic homologue, analogue or
derivative thereof which is immunologically cross 1calive with [ awsoma intracelivlars;

Pt To IS

e comers, diluents or adjuvants suitable for veterinary or
prrriaceutical use

2%
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2Z. The vaccine composition according to claim 21 wheremn the Lawsornija spp. is L.

(fr~mnll 7.

~%

253 The vaccine composition according to claim 22 wherein the immunogentic
component comprises an isolated or recombinant polypeptide that comprises the
amino acid sequence sat torth in SEQ 1D NO: 1 or the amino acid sequence encoded

by the SodC-encoding nucleotide seguence of pALK14 (ATCC 207155) .

24 The vaccine composition of claim 23, wherein the immunogenic cornponent

consists essentially of the amino acid sequence of SEQ 1D NO. 1

Z5 The vaccine composiion according to claim 22 wherein the immunogeruc
component comprises an isolated or recombinant polypeptide that comprises about

artuns acid residue 1 o about amino acid residue 42 of SEQ 1D NO. 1

< . acome composition of claim 25, wherein the immunogenic component

sonnists essentially of about amino acid 1 to about amino acid 42 of SEQ 1D NO: 1.

27. A combination vaccine composttion for the prophylaxis or treatment of infection
of an arumal by Lawsomia spp., said vaccine compos#tion comprising
(iy afirst immunogenic component which comprises an isolated or recombinant
polypeptide having at least about 70% sequence identity overall to the amino
acid sequence set forth in SEQ ID NO: 1 or at leasl about 50% sequence identity
overall lo amino acid residues 1 to 42 of SEQ 1D NO: 1 or an immunogenit
nomologue, analogue or derivative thereof which is immunaologically cross-
reactive with Lawsonia intracellulans; |
(4} a second immunogenic component comprising an antigenic L.
intracellulans peptide, polypeptide or protein ardg
(1) one or more carriers, difuents or adjuvants suitabie for veterinary or

phanmaceutcal use
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28, A vaccine vector that comprises, in an expressible form, an isolated nucteic acid

e m3ung a nucieotide sequence that encodes an isolated or recombinant
gununogenic polypeptide which comprises the amino acid sequence set forth in SEQ
iD NO 1, such that said immunogenic polypeptide is exprassible at a level sufficient

fo confer immunity against Lawsomia spp., when administered to a porcine or avian

animal.

29 The vaccine vector of claim 28 wheren the immunogenic polypeptide is
expressed using the steps of:
(i) placing an ssolated nucleic acid molecule which comprises the nuclectide
sequence set furth 1In SEQ D NO: 2 or degenerate vartant, a humologue,
analogue or derivative thereof which has at least about 70% .eguence identity
thereto, in cperable connectin with a promoter sequence;
{ti) introducing the 1solated nucleic acid molecule and promoter seguence of step
(a) into the vaccine vector; and ,
{1 incubating, growing, or propagating the vaccine vector for a time and
undar conditions suflicient for expression of the immunogemc polypeptide

encoded by said nucleic acid molecule to occur

30. The vaccine vector of claim 28 wherein the Lawsoma spp. 1s L. intracellulans.

37 A polyclonal or monoclonal antibody molecule that is capable of binding
specifically to a SodC polypeptide or a derivative of a SodC polypeptide that is derived

from Lawsomsa spp and has at least about 70% sequence identity overall to the amino
ac.d sequence set forth in SEQ ID NO 1

32. The antibody molfecule of claim 31 wherein the SodC polypeptide or derivative
thereof comprises the amino acid sequence set forth in SEQ 1D NQ 1

<o ihe antibody molecule of claim 31 wherein the SodC polypeptide or derivative
thereot comprises about amino acid 1 to about aminec acid 42 of SEQ ID NO- 1
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34 A eatind of dizgnosing infection of a porcine ar avian animal by { awsonia
witranalivlans or a microorganism that is immunologically cross-reactive thereto, said
meihiod comprising the steps of contacting a biological sample derived from said
animal with the antbody molecule of claim 31 for a time and under conditions sufficient

for an antigen antibcdy complex to form, and then detecting said complex formation.

35 The method of claim 34 wherein the biclogica! sample comprises whole serum,
lymph nodes, ileumn, caecum. small intestine, large inlestine, faeces or a rectal swab

denved from a porcine ammal

35 A method of identifying whether or not a parcine or avian arwmal has suffered
from 3 past infection, or 18 curcently infected. with .aWsonia infracellularis or a
microcrganism that is immunologrcally cross-reactive thereto, said method COmprising
contacting blood or serum derived from said animal with the immunogenic polypeptide

vt -1 @ line and under conditions sufficient far an antigen:antibody complex

tc . m and then detecting said complex formation.

37. Ansolated nucteic actd molecule which comprises a scquence of nucleotides

that nncones o is compiementary to a nuclerc acid motacule that encodes, a peptide,’

ohgopeptide or polypeptide selected from the following.

{1’ 2 peptde, ohgopeptide or polypeptide which comprises an amino acid
sequence which has at least about 70% sequence identily overall {0 the amino
acd sequence sel forth in SEQ ID NO: 1,

(1) a peptide, oligopeptide or pclypeptide which compiises an amino acid
sequence which comprises an amino having at least abcut 50% sequence
identity overall to amino acid residue 1 1o about amino acid r'esidue 42 of SEQ
IDNQ: 1; or

fii a homologue, anatogue or dernvative of (1) or {11} which mimics a B-cell

cr T-coif enitope of Lawsorna spp.

38 Thesolated nucleic acid molecule of claim 37, wheren the peptide. oligopeptide
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- o7 comprises the amino acid sequence set forth in SEQ 1D NO: 1 or about
aireng acid residue 1 to about amino acid residue 42 thereof. ar the amino acid

sequence encoded by the SodC-encoding nucleotide sequence of pALK14 (ATCC

207155), or a B-cell epitope or T-celt epitope thereod.

38 The isolated nucleic acid molecule of claim 38 comprising the nucieotide
sequence set forth in SEQ ID NO. 2 or a complementary nucleotide sequence thereto,

or a degenerate variant thereof.

43  The isolated nucleic acid molecule of claim 39 consisting essentially of the

nucleotide sequence of SEQ ID NO. 2 or a degenerate variant the.cor
41 The isolated nucleic acid molecuie of claim 38 comprising that portion of the
nucieotide sequence of SFQ ID NO 2, or a degenerate variant thereof, which encodes

apoul @amino acio residue 1 to about amine acid residue 42 of SEQ ID NO- 2.

42  The isolated nucleic acid molecule of claim 41 consisting essentially of that

‘portion of the nucleotide sequence of SEQ IDNQ: 2, or 2 degenerate variant thereof,

which encodes about amino acld residue 1 to about amino acid residue 42 of SEQ 1D
NO: 2

43. A method of detecting Lawsonia intracelfulans or related microorganism in a
bidlogical sample derived from a porcine or avian animal subrect said method
comprising the steps of hybridising one or more probes or primers derivea from the
nuclect:de sequence set forth n SEQ IND NO' 2 or a complementary nucieotide

seaucoce therelo (o sard sample and then detecting said hybridisation using a
detection means.

44 Ine metnod of claim 43 wherein the biclogical sample comprises whole serum,

iymigh nodes, ileurn, caecum, small intestine, large intestine, faeces or a rectal swab -

derived from a porcine anirmnal.



47 The meihod of claim 44 wherein the detection means comprises any nucleic acid

based hybridisation or amplification reaction.

46. A probe or pnmer having at least about 15 contiguous nuclectides in length

derived from SEQ ID NO: 2 or a complementary nucleolide sequence thereto. -
47 A plasmid designated pALK14 (ATCC Accession No 207155).
48  The combination vaccine according to claim 27 wherein the second immunogenic

component comprises an antigenic L intracellularis peptide. polypaptide or protein

seiactad from the group consisting of OmpH, FIgE, hemaolysin and autolysin

w

~
. §v§



I

ABSTRACT
The present invention relates generally to therapeutic compositions for the treatment
and/or prophylaxis of intestinal disease conditions in animals and birds caused or
exacerbated by Lawsona intracellulars or similar or otherwse related microorganism.
In particular, the present invention provides a novel gene detived from Lawsonia
infracellulans which encodes an /mmunogenic SodC peptide, polypeptide or protein
that is particularly useful as an antigen in vaccine preparation for conferring humoral
immunity against Lawsonia intraceliufans and related pathogens in animal hosts. The
prosent invention is also directed to methods for the treatment and/or prophylaxis of
such nlestipal disease conditions and to diagnostic agemts and procedures for

detectng Lawsoma intracellulans or similar or otherwise related microorganisms:
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TRADUCCION OFICIAL No. 00/154 de un documento escrito en inglés, el cual para
su identificacién se sella con el sello del traductor al tiempo con la presente. Esta
traduccidon ha sido preparada por Juan Pablo Piedrahita Aguilera, Traductor e
Intérprete Oficial debidamente reconocido de conformidad con el Certificado de
ldoneidad Profesional No. 0045 expedido por la Universidad Nacional de Colombia.

‘ (Se traduce un Certificado de Solicitud de Registro de Patente y la carétula de la

solicitud respectiva).

ESTADOS UNIDOS DE AMERICA
A TODOS A QUIENES ESTOS PRESENTES LLEGAREN:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
Oficina de Patentes y Marcas de los Estados Unidos
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~ Ciudadania:

Nombre del Tercer inventor:
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REIVINDICACIONES

1 Un polipéptido inmunonj32nico aisiado o recombinante que comprende, imita

i
0 reacciona con un epitope de célula B o célula T d2 un poiipéptido de r
1‘

Lawsonia spp. SodC.

2 El polipéptide inmunogénico aisiado o recombinante de la reivindicacion 1
capaz de lograr la produccion de anticuerpos contra Lawsonia spp, cuando
se admistra a un animal porcino 5 un ave. |

‘ 3. E! polipéptido inmunogeénico aislado o recombinante <2 la reivindicacion 1
capaz de corfenr una raspuesia inmune nrotectorA contra Lawsonia sp
cuondo se administra a un ave ¢ un porcne.

4. E! polipéptido inmunogeiico aici.uo o rec:mbinante Ze la renindicacion <

Nl s bl

dcndala Lawernia spp es Lawsenia intizc>llulans.

wn

El r:»‘lipéptido inmunog2nico aislzdo o rac~mbinante ce la revindicacior 3
dericala Lawzcnia spp €s Lawvscnia intrez>!!ulans

6. ~Un polipéptido inmunogeénico aisi2do ¢ iricombinan.: selec..onado de i
s'guiente;

(i un pegtido, olizcpéptido o pelipépt~n que comprende una secuencia

/

de aminoacido que tiene por lo menos un 70% ce idantidad de

secuencia general con la secuencia de aminoacido que se observa l

enla SECID NO: 1;

(1)  un péptido, d!igopéptido o polipéptido que comprende una secuencia

de aminoacido que tiene por [0 menos aproximadamente 50% de

identidad general de secuencia con los residuos 1 a 42 de ila SEC ID

NO: 1; 0
(i)  un homdlogo, analogo o derivado de (i) o (i) que imita un epitope de

célula B o de célula T de un polipéptido de Lawsonia spp. SodC
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10.

11

12.

14.

¢ ¢

El polipéptido inmunogénico aislado o recombinante de la reivindicacion 6
capaz de iograr la produccion de anticuerpos contra Lawsonia spp, cuando
se admistra en un animal percino o un ave.

El polipéptido inmunogénico aislado o recombinante de la reivindicacion 7
capaz de conferir una respuesta inmune protectora contra Lawsonia Stp
cuando se administra a un ave o un porcino.

E! polinéptido inmunogénico aisladc o recomuinante d- |a reivinicacion 8
capaz d2 inducir inmunidad humoral contra Lawsoric Spp cuando se
adminisia a un ave. _

El poligiptido inmunogénico aislado o recombinante de la reivindicacion £
capaz de inducir inmunidad humrore! contra Lawsor's spp cucndo se
administra a un animal porcino.

El polipéptido inmunogénico aislad» o recomcirante do la reivindicacién
donde la Lawscn'2 sSpp es Lawson.a intracell!ans.

El polipéptido inmunogénico aislado o recomuinante de la reivinZ.cacion 10
donde la Lawscn's spp es Lawsonie intracellulans.

El polipéntido inmunogénico aislado o recombinante de la reivindicacion 6

-

que comprende la secuencia de aminoacido gue se observa en la SEC ID
NO: 1 o la sescuencia de aminoacido codificada por la secuencia d2
nucleotido que codifica el SodC de pALK13 (ATCC 207196) y es capaz co
obtener la produccidon de anticuerpos contra Lawsonia intracellulans
cuando se administra a un ave o un animal porcino.

El polipébtido inmunogeénico aislado o recombinante 'de la reivindicacion 13
que consiste esencialmente en la secuencia de aminoacido de la SEC ID
NO: 1 o la secuencia de aminoacido codificada por la secuencia de

nucleotido que codifica el SodC de pALK14 (ATCC 207155).
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15.

16.

17.

18.

19.

20.

21.

® k ®

El polipéptido inmunogénico aislado o recombinante de la reivindicacion 13
0 14 capaz de inducir una respuesta inmune protectora contra Lawsonia
intracellularis en un ave 0 un porcino.
El polipéptido inmunogénico aislado o recombinante de Ia reivindicacicn 15
c®maz de inducir una respuesta inmuna protectora contra Lawsonia
In*racellularis en un porcino.
El polipéptido inmuncgénico aislzdo o rec-mbinantz de la reivindicacion 6
oue comprende los residuos de aminoac o de aproximadamente 1 hasia
¢oroximadamente 42 de la SEC ID NJO: 1 y es capaz de logr:‘r la
p.uduccion de anticuerpos contra Lav~onia introcellulari; cuando se
- ministra cun ave o un poreing.
F! polipénticdo aislado inmunogiaico o recrmbinante de la rewindicacii, 17
Cuo consictz esencicimente en aproxlim:adamente 2| aminozcido 1 h-sta
anroximadainente el aminoacido 42 de iz SECID N2 1.
L+ polipéptico inmuncgénico aislado o rz. >mbinan.e de la retvindicacion 17
capaz -de inducir una respuesta in:nune proteciora conwa Lawsuiig
""*racellulens en un animal porcino o un ave.
El polipéptido inmuncgénico aislado o recombinante de la reivindicacion 19
capaz de inducir una respuesta inmune protectora cor.tré Lawsonia
intracellularis en un animal porcino.
Una composicion para vacuna para ia profilaxis o el tratamiento de
infeccion de un animal con Lawsonia spp. dicha composicion para vacuna
comprende un componente inmunogénico que comprende un polipéptido
aislado o recombinante que tiene por lo menos aproximadamente 70% de
identidad general de secuencia con la secuencia de aminoacido que se
observa en la SEC ID NO: 1, o por lo nllenos aproximadamente 50% d:

identidad general de secuencia con los residuos de aminoacido 1 a 42 de la
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-

23.

25.

26.

27.

SEC ID NC: 1 o un homologo, analogo o derivado inmunogénico de €\a
que es reactivo a nive. inmunologico con Lawsonia intracellularis; y uno o
mas portadores, diluyentes 0 adyuvantes apropiados para uso veterinario 0

farmacédutico.
La composicidn para vacuna de acuerdo con la reivindicacion 21 donce la
La.ssonia spp es L. irtiacellularis.
La composiciun para vazuna de zcuerdo -2n la reivingicacién 22 donde el
component2 inmunogénico comprende un polipé-tido reccmbinante o
2iz'ado gur comprende la secuencia de aminodcido que se ooserva en e
SEC ID NQC: 1 o la secuancia de zminoacide codificc“a por i cecuenciz de
rucledtidy ge codifica ¢l SodC cz2 pALK14 (ATCC 207155).
L2 compcesizian para vozuna ¢2 |5 reivin...cacion 23 donde < compone-i.&
InTuNogénice consist: esencialmente e :a secuenciz de aminnacido d» 1a
SECID NO: °
L.a composie.dn de vacuna de acuerdc .on la rev.ndicacicn 22 dond o
componenie  inmurczenico  comprenc=  un  poupéptido  aislade  ©
re2ombinzn.¥ que cuinprende apreximai~mente dc! residuo ¢z aminoacido
1 hasta eproximadamente el residuo de ¢.ninoacido 42 de la SEC ID.NC . 1.
Lz composicion de vacuna de la reivi-Zicacion 25 donde e componente
inmunogénico consiste esencialmente en aproximadamente cel resi‘duo de
aminoacido 1 hasta aproximadamente el residuo de amincéacido 42 de la
SECIDNO 1.
Una composicidbn de combinacidon para vacuna para la profilaxis o el
tratamiento de la infeccidon de un animal con Lawsonia spp., dicha
composicion para vacuna comprende:
(1) un primero componente iNMunogenicc que comprende  Lii

polipéptido aislado o recombinante que tiene por lo menos
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28.

29.

. ’

aproximadamente 7C% de identidad general de secuencia con la
secuencia de aminoacido que se observa en la SEC ID NO: 1. o per
lo menos aproximadzmente un 50% de identidad genera! de
secuencia con los residuos de aminodcido del 1 al 42 de la SEC ID
NO: 1, o un homélogo. andlogo inmunog:inico, o cerivado co ellos
que es reactivo inmunolagicamenrta con Lavsonia inuacellularis.
(1) un segundc componente inmunogénico que comprende un peptido.
polipéptido o proteina ¢z L. intreczllularis antigénice: v
(i) uno o més purtadores. diluyenies 0 adyuvontes aprcniados para uso
veierinario ¢ farmac utico. |
Un vector para vacuna q.c compreiue, en u.aa forma <ipresat's una
moléculz aislada oe acido nucieico ove tiene ura secusnc.a de nu.'25tido
que codifica un polipépt. 12 inmunooenico recombinanie 0 aislau. que
comprende la secuencia dz zminoacic® que 2 cuserva en la SEC (D NO
1, de modo tal ¢ dicho puipéptics es exprsseole & Lot nivel suiuente
para conierir innicnidad contra Lawsc..a spp. cuando <& administrs 2 un
porcino o un ave _.
El vector para \ccuna Ce la reivixd.cacior 28. donde el polipeptido
INMUNOGEnIco es expresaco utilizanco ios pasos de: |
(1) colocar una molécula aislada de acido nucleico aue comprende |a
secuencia de nucledtido que s= observa en la SEC ID NO: 2 o una
variante degenerada, un homologo, ana'ogo o derivado de ella que
tiene por lo menos aproximadamente 70% de identidad de
secuencia, en conexidn operabie con una secuencia promotora;

(i)  introducir la molécula de acido nucleico aislada y la secuencia

promotora del paso (&) en ei vector para vacuna; y
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30.

31.

32.

33.

34.

® 208 .
14 U
=
(i) incubar, criar y propagar el vector para vacuna durante y tiempo y
bajo condiciones suficientes pu./a que ocurra la expresion del
polinéptido inmunogénico codificado por dicha molecula de &cido
nucleico.
El vector para vacuna de Ia reivindicacion 28 donca lé Lawsonia spp <5 L.
intracellulans. |
Una molécula de anticuerpo rionocl:~~! o po'iclonal qua es capzz de
Lnirse espzcificamente a un polipéptidc de SocC o un derivado ¢~ un
rolipéptido de SodC que deriva de la ..~wvsonia spo y tie..s por lo rnos
aproximauamente 70% de identidad ge. zral de sccuencia cnn la sec.encia
ne amin2=cido que se observa enla ScC ID NO: 1.
La molé-uia de anlicuerpo de la reivin..zacion 27 cdonde e polipér .Jo de
SodC o dzrivado dei mismo ccmprende & secuenci2 de & 1.10acido w2 se
coservaenla SECID NO: 1.
La mo'dcu'a de anticuarpo d= 1a reivi- "o2cién 21 cdond2 e nolipér do de
ZodC o derivady cal misTo comp-ende desc: aprc: madamerta el
aminodzids 1 hasta ép—roximadamente =! 2minoz.ido 42 dc la SEC 10 NO:

1.

s

Un método para diagnosticar la infaccion de un porcinG 0 un ave con
Lawsonia intracellularis o un microorganismo que es irmunolégicemente
reactivo a ella, dicho método comprende ios pasos de contactar una
muestra biologica derivada de dicho animal con la molécula de anticuerpo
de la reivindicacion 25 durante un tiempo y bajo condiciones suficientes
para formar un complejo antigenoo:anticuerpo, y luego detectar dicha

formacidn del complejo.
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35.

36.

37.

38.

o * e

El método de la reivindicacion 34 donde la muestra biologica comprende )
suero, ganglios linfaticos, ileo. ciego, intestino deigado, intestino grueso. -
h=ces o raspado rectal derivados de un animal porcino.

Un método para identificar si un porcino o un avve ha sufrido 0 no ce una
infeccion en el pasado, ¢ ac.wualmente esta infectado. con Lawr-mna
intracelluleric o un r.icroorganismo que es inmunologicamentz reactivo a
ella. dichc método ccraprende contactar sangre o stv'ero derivados de aiiio
arnimal con el polipéptido inmunogénico de la reivindicacion 1 duranie un
t;empo y bajo condciones suficienias para formar un compleo

antigenos.anticuerpo. y luego d:tectar diuna formeacion del c>Tplejo.

- an )

Una molécula aisic’a de acido nucleicc .ue comprende unz sscuerc L2

nuclectidcs que codifica. 0 es complementaria cou., una mo. . uJla de aciuo

nucleico 5u2 codifics un péntido, oligov-ptido 0 polipéptido seleccior.aqos

w2l grupo e consisie en:

) un Soptide. ¢ 2opéptidn o polipeido que comprende una secuencia
T de aminoac lo que tizne por [. menos uvn 70% de identid2n de

se..2ncia gonaral con 13 secuenzia de aminoacido que se chserva

L

enla SEC ID NO: 1,

(n) un p2ptido, oligopéptico o polipértido que comprende una secucicia
de aminoacico que comprende un amino que tiene por lo menos
aproximadamente 50% de identidad general de secuencia con el
residuo de aminoacido 1 hasta aproximadamente el residuo de
aminoécido 42 de la SEC 1D NO: 1. |

()  un homdlogo, andlogo ¢ derivado de (i) o (ii) que imita un epitope de
célula B o de celula T de un polipéptido de Lawsonia spp.

La molecula aislada de acido nucleico de la reivindicacion 37 dcndz2 el

péptido, oligopéptido o polipéptido comprende la secuencia de aminoacido
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40,

42.

43.

®

que se observa en la SEC ID NO: 1. o aproximadamente del residuo de
aminoccido 1 nasta aprorimadamente el residun de aminoacido 42 de ella
o lz secuencia de amincécido codificada por la secuancia de nucleotido
que codifica el 3o0dC de pALK14 (ATCC 207155) o un epitope de la celulz
B o la célula T de ellos

La r-nlécula cislada cz acdo nucleico de la reivindicacion 28 que
comrrrende la secuencia de nucledtiuo que se observa ¢nla SEC (D NO: 2
0 ur.3 secuencia de nucledtido complemen..ia con eiia, 0 una variant»
dec=nerada ce e'la.

La roidcula azizda d: £oido nucicico de ia reivindicz ~.on 39 cue consisi:
giercialment: en la secuencia de nuclectido de la SZ7 ID NC. 2 o un»
var- 2dene--radad2 ="z

Lz rslécule ~islada ¢~ acido nucleico o2 la rer~ndicacin 38 qu:
cor . -2nde la porcidon 7. i szcuerzia de nuttedtido w= SEC 1D V0 2«
uno oriante gegeneracz de ella, qua codif'ca apreximadamente d2sde <.
res.oo de arniicacide 1 hasta aprosamad irionte el res Juo de cmmoacice

42 2z 1a SEC D NO: 2

-

La rmolécula eislada de acido nucieico de lz rewvindicanion 41 cuz2 CONsis.c
es .nzialmente 2n esa porcion de le secuencia de nucledtido d> SEC 'L
NO: 2, o una variante degenerada de ella, que codiiica aproximadaments
desde el residuo de aminoacido 1 haste eproximadamente el rasiduo 2
aminoacido 42 de la SEC 1D NO: 2. |

Un método para detectar Lawsonia intracel/dlaris O un microorganismd
relacionado en una muestra bioloégica de un sujeto porcino o un ave, dicho
método comprende los pasos de hibridar una o mas sondas o cebadores

drrivadods de la secuancia de nucledtido gue se observa en la SEC ID NO:
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2 0 una secuencia de nucledudo complementaria a dicha muestra y luego
detectar dicha hibridacion usando medics de deteccion. - : 71 Q

44 E) método de la reivind:.cacién 43 donde la muestra biotdgica comprende
suero. ganglios linfaticcs. .22, ciego, iniestino delgado. intestino ¢rueso,
heces o raspado rectal d2:,vados de un a2nimal porcino.

45 El méicdo de la rzivindice~~ 34 doni2 el medio de detec7:9n comprende
cualguicr hibricacidn o r=»acion de amplificemion basadas en el acido

. | nucleico.

45 Una sonda o cebader que tiene noy lo ma-2s aprox.~adamsate 15
nucledtidos contiguos en wiiditud cue derivan oe la SEC 1D NO: z v una
secusrcia de nurtedtido ccnlementcacon e =

K2 Unrieimido dssi~nade o _K14 (Azco-2 de AVCC No. 200 :55).

4> Lavc~omz de ctmbinaczilo ¢2 acuerao ¢on la rrivindicas Tn 27 conce e
seguIVn Compe. ante in. . nogénice somprend un pépt ' polirg ity o
preicina antigsaicad de o mbeciiiiwis Se-uonades J2l gt oque

cons'siz en OmpH, FigE heinsiisira , aato'isine.

n
e
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