
Gcnes and Proteins of Brachyspira hyodysenteriae

and Uscs Thereof

f,'leld of Invcntlon

This invention relates to novel genes in B rut;hyspira hyttdysetlerlne and thc proteins

cncodcd thetein. This invention furtlìer relates to use ofihese novel gcnes and proteins for

diagnosis ofB. hyodysenteriae disease, vaccines againsf B. hyodysenleriae and for screening

for compounds that kill B, hyodysenteriae or blóck thc pathogenic cffcots of8.

hyotlysercteriae. 'l'hese sequelces may also bc useful fol diagnostic and thcrapeutic ând/or

prophylâctic trcatment of diseases in animals cnused by other ßrachyspiru species, including

B, suarLqlin¿l, B. intermedia, B, alvinipulli, B, aalborgi, t. ìnnocens, B. murdochii, and' B,

pilosicoli.

Dackgrourld of Invenfíon

Swine dysentery is a significsnt endemio disease ofpigs in Australia and worldwide.

Swine dysentery is a contagious mucohaemorrhagio dianhoeal disease, charaoterised by

extensive inflammation and necrosis ofthe cpithclial surface offhe large intesiins. Economic

losses due to swine dysentery result mainly from growth ret¿lrdation, costs ofmedication and

mortality. The oausative agent of swine dyscntery was fìrst identified as an anaerobic

spftocløete (Treponema hyod.ysenteriae) in 1971, and was recently reassigned to the genus

Brachyspiru as B. hyod.ysenteriae, Wherc swinc dyscntcry is establishcd in a piggcry, thc

disease spectrum can vary from being mild, transient or unapParent, to being severc and eveu

fatal. Medioation strategies on individual piggeries may mask clinical signs and on some

piggeries the disease may go unnoticcd, or may only be suspected Whether or not obvious

diseasc occurs, B, hyodysenteriae may persist in infected pigo, or in other reservoir hosts such

as rodents, orin the environment. Allthese sources posc potential for ttansmission ofthe

disease to uninfeotod he¡ds. Commercial poultry may also be colonized by B.

hyodysen erlae, Ellhough it is not clear how commonly this occurs ì¡nder field conditíons.

Colonisation by lì. hyod.ysenteriae clícits â strong immunologioal rcsponse against the

spirochaete, hence indirect evidenoe ofexposure to tfie spirochaetc can be obtained by

measuring oirculaling tntibody titres in the blood of infeoted animals These ântibody titres

have beeu reported to be meintâined et low lovels, evel in animals that have recovered from

swinc dyscntery. Serological tests for detection ofântibodies therefore have considerable

potentia.t for delect¡ng subclinical infections ¿nd recovered ooffier pigs fhat have undcteotable

Genes and Proteins of Bractlyspira hyodysenteriae and Uses Thereof Field of Invention
This invention relates to novel genes in Brachy,spira hyodysenteriae and the proteins
encoded therein. This invention further relates to use of these novel genes and proteins for
diagnosis of B. hyodysenteriae disease, vaccines against B. hyodysenteriae and for screening
for compounds that kill 13. hyodysenteriae or block the pathogenic effects of B.
hyodysenteriae. These sequences may also be useful for diagnostic and therapeutic and/or
prophylactic treatment of diseases in animals caused by other Brachyspira species, including
13. suanatina, B. interntedia, B. alvinipulli, B. aalborgi, B. innocens, B. murdochii, and B.
pilosicoli. Background of Invention       Swine dysentery is a significant endemic disease of
pigs in Australia and worldwide. Swine dysentery is a contagious mucohaemorrhagic
diarrhoea( disease, characterised by extensive inflammation and necrosis of the epithelial
surface of the large intestine. Economic losses due to swine dysentery result mainly from
growth retardation, costs of medication and mortality. The causative agent of swine dysentery
was first identified as an anaerobic spirochaete (Treponema hyodysenteriae) in 1971, and
was recently reassigned to the genus Brachyspira as B. hyodysenteriae. Where swine
dysentery is established in a piggery, the disease spectrum can vary from being mild,
transient or unapparent, to being severe and even fatal. Medication strategies on individual
piggeries may mask clinical signs and on some piggeries the disease may go unnoticed, or
may only be suspected. Whether or not obvious disease occurs, B. hyodysenteriae may
persist in infected pigs, or in other reservoir hosts such as rodents, or in the environment. All
these sources pose potential for transmission of the disease to uninfected herds. Commercial
poultry may also be colonized by B. hyodysenterlae, although it is not clear how commonly
this occurs under field conditions.      Colonisation by B. hyodysenteriae elicits a strong
immunological response against the spirochaete, hence indirect evidence of exposure to the
spirochaete can be obtained by measuring circulating antibody titres in the blood of infected
animals. These antibody titres have been reported to be maintained at low levels, even in
animals that have recovered from swine dysentery. Serological tests for detection of
antibodies therefore have considerable potential for detecting subclinical infections and
recovered carrier pigs that have undetectable  numbers of spirochaetcs in their large
intestines. These tests would be particularly valuable in an easy to use kit form, such as an
enzyme-linked immunosorbent assay. A variety of techniques have been developed to
demonstrate the presence of circulating antibodies against 13. hyoclysenteriae, including
indirect fluorescent antibody tests, haemagglutination tests, 5microtitration agglutination tests,
complement fixation tests, and EL1SA using either lipopolysaccharide or whole sonicated
spirochaetes as antigen. All these tests have suffered from problems of specificity, as related
non-pathogenic intestinal spirochaetes can induce cross-reactive antibodies. These tests are
useful for detecting herds where there is obvious disease and high circulating antibody titres,
but they are problematic for identifying sub- 10clinically infected herds and individual infected
pigs. Consequently, to date, no completely sensitive and specific assays are available for the
detection of antibodies against B. hyodysenteriae. The lack of suitable diagnostic tests has
hampered control of swine dysentery. A number of methods are employed to control swine
dysentery, varying from the 15 prophylactic use of antimicrobial agents, to complete
destocking of infected herds and prevention of re-entry of infected carrier pigs. All these
options are expensive and, if they are to be fully effective, they require the use of
sophisticated diagnostic tests to monitor progress. Currently, detection of swine dysentery in
herds with sub-clinical infections, and individual healthy carrier animals, remains a major
problem and is hampering implementation of 20effective control measures. A definitive
diagnosis of swine dysentery traditionally has required the isolation and identification of B.
hyodysenteriae from the faeces or mucosa of diseased pigs. Major problems involved include
the slow growth and fastidious nutritional requirements of these anaerobic bacteria and
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numbcls ofspilochâctos in their lârgc intcstincs, Thcsc tcsts would bc parlícularly valuablc

in au casy to usc kit form, such as an enzymcJinkcd immunosorbcnt assay. A varicty of

tcchniqucs have bccn devcloped to dcmonstrate thc prcscncc of circulating antibodics against

B. hyody,renteriae, including indiect fluorescent antibody tesL9, haemagglutination tests,

microtitration agglutinâtion tests, comploment fixation tests, and ELISA using eithcr

lipopolysaccharide or whole soricated spirochaetes as antigen. All thesc tests have suffered

from problems ofspecificity, as relatcd non-pathogenic intestinal spirochaetos can induce

cross-rractive antibodies. These tests are useful for detecting herds where there is obvious

disease and high oirculating antibody tihes, but they are problematic for identifying sub-

clínically infected herds and ildividual infected pigs. Consequently, to date, no completely

sensitive and specific assays are available for the detection ofantibodies against ß.

hyotlyscnteriae. The lack oFsuitablo diâgnostic tests has hampered control of swine

dysentery.

A number ofmethods are employed to control swine dysentery, varying from the

plophylactic use ofantimicrobial agents, to complete destocking ofinfectod herds and

prevention of re-entry of infected carier pigs. All these options are expensive and, if they are

to be fully effective, they require the use of sophisticated diagnostic tcsts to monitor progress.

Currently, detection ofswine dysentery in herds with sub-clinical infcctions, and individual

healthy canier animals, remains a major problem and is hampering implementation of

effective control measures, A definitive diagnosis of swine dysentery haditionally has

required the isolation and idcntificationof B, hyodysenteli¿r¿ from the faeces or mucosa of

diseased pigs. Major problems involved include the slow grou'th and fastidious nutritional

requirements ofthese anaerobic bacteria and confusion due to the presence of

morphotogically similar spirochaetes in the normal flora ofthe pig intestinc. A significant

improvement in thc diagnosis ofindividual affeoted pigs was aohievcd with thc devctopmcnt

ofpolymerase chain reaction (PCR) assays for the detection ofspirochaetes f¡om faeces.

Unfortünately iÌ¡ practicaf applicatiorìs the limit ofdetection of PCRs rendered it unable to

detect carrier ânimals with subclinical infections, As a consequence ofthese diagnostic

problems, there is a clear need to develop a simple and cffective dia.gnostic tool capable of

dctecting ß. hyodysenteriae infection at thc hcrd and irrdividual pig level.

A strong immunological response is induced against thc spirochaetc following

colonization with B , hyodysenteriae, and pigs recovered from swine dysentery are protocted

from re-infection. Despile tlìis, aftempts to develop vaccines to contlol .swine dysentery have

met with very limited success, either because they have provided inadequate Protection on a

A strong immunological response is induced against the spirochaete following colonization
with B. hyodysettteriae, and pigs recovered from swine dysentery are protected from
re-infection. Despite this, attempts to develop vaccines to control swine dysentery have met
with very limited success, either because they have provided inadequate protection on a  herd
basis, or they have been too costly and difficult to produce to make them conunercially viable.
Bacterin vaccines provide some level of protection, but they tend to be lipopolysaccharide
serogroup-specific, which then requires the use of multivalent bacterins. Furthennore they are
difficult and costly to produce on a large scale because of the fastidious 5anaerobic growth
requirements of the spirochaete.       Several attempts have been made to develop attenuated
live vaccines for swine dysentery. This approach has the disadvantage that attenuated strains
show reduced colonisation, and hence cause reduced immune stimulation. There also is
reluctance on the part of producers and veterinarians to use live vaccines for swine dysentery
because of the 10possibility of reversion to virulence, especially as very little is known about
genetic regulation and organization in B. hyodysenteriae. The use of recombinant subunit
vaccines is an attractive alternative, since the products would be well-defined (essential for
registration purposes), and relatively easy to produce on a large scale. To date the first
reported use of a recombinant protein from B. 15 hyodysenteriae as a vaccine candidate (a
38-kilodalton flagellar protein) failed to prevent colonisation in pigs. This failure is likely to
relate specifically to the particular recombinant protein used, as well as to other more
down-stream issues of delivery systems and routes, dose rates, choice of adjuvants etc.
(Gabe, JD, Chang, RJ, Slomiany, R, Andrews, WH and McCaman, MT (1995) Isolation of
extracytoplasmic proteins from Serpulina hyodysenteriae 20 B204 and molecular cloning of
theflaBl gene encoding a 38-kilodalton flagellar protein. Infection and Immunity 63:142-148).
The first reported partially protective recombinant B. hyodysenteriae protein used for
vaccination was a 29.7 kDa outer membrane lipoprotein (Bh1p29.7, also referred to as BmpB
and BlpA) which had homology with the methioninebinding lipoproteins of various pathogenic
bacteria. The use of the his-tagged recombinant 25 BhIp29.7 protein for vaccination of pigs,
followed by experimental challenge with B. hyodysenteriae, resulted in 17-40% of vaccinated
pigs developing disease compared to 50- 70% of the unvaccinated control pigs developing
disease. Since the incidence of disease for the Bh1p29.7 vaccinated pigs was significantly
(P=0.047) less than for the control pigs, Bh1p29.7 appeared to have potential as a swine
dysentery vaccine component (La, T, Phillips, 30 ND, Reichel, MP and Hampson, DJ (2004).
Protection of pigs from swine dysentery by vaccination with recombinant BmpB, a 29.7 kDa
outer-membrane lipoprotein of Brachyspira hyodysenteriae. Veterinary Microbiology
102:97-109). A number of other attempts have been made to identify outer envelop proteins
from B. hyodysenteriae that could be used as recombinant vaccine components, but again no
successful vaccine has yet been made. A  much more global approach is needed to the
identification of potentially useful immunogenic recombinant proteins from B. hyodysenteriae
is needed. To date, only one study using DNA for vaccination has been reported. In this study,
the B. hyodysenteriae ftnA gene, encoding a putative ferritin, was cloned into an E. coil 5
plasmid and the plasmid DNA used to coat gold beads for ballistic vaccination. A murine
model for swine dysentery was used to determine the protective nature of vaccination with
DNA and/or recombinant protein. Vaccination with recombinant protein induced a good
systemic response against ferritin however vaccination with DNA induced only a detectable
systemic response. Vaccination with DNA followed a boost with recombinant protein 10
induced a systemic immune response to ferritin only after boosting with protein. However,
none of the vaccination regimes tested was able to provide the mice with protection against B.
hyodysenteriae colonisation and the associated lesions. Interestingly, vaccination of the mice
with DNA alone resulted in significant exacerbation of disease (Davis, A..)., Smith, S.C. and
Moore, R.J. (2005). The Brachyspira hyodysenteriae finA gene: DNA vaccination and real- 15
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hcrd basis, or thcy havc bccn too costly and difficult to producc to make them cotmncrcially

viablc. Bactcrin vaccines providc somc lcvcl ofprotcction, but thcy tend to be

lipopolysaccharide serogroup-spccific, which then requircs fhc use of muLtivalcnt bactcrins.

Furthermore they are difäcult and cosfly to produce on a large scale because ofthc fastidious

anaerobic growth requirements of the spirochaete.

Several attempts hâve been made to develop attenuated live vaccines for swine

dysentery. This approach has the disadvantage that attenuated shàins show reduced

colonisation, and hence cause reduced immune stimulation. There also is tcluctanco on the

part ofproducers and veterinarians to use live vacoines for swine dysentery because of thc

possibility ofreversion to virulencc, cspeoially as very little is known about genetic

regulation and organization in ,lJ. hyody$enîeríae,

The use ofrecombinant subunit vacoines is an attractive altemative, sincc thc

producfs would be well-defined (essential for registration purposes), and relatively easy to

producc on â large scale. To daie the first reported use ofa recombinant protein from B.

hyodysenteriae as a vaccine candidate (a 38-kilodalton flagellar protein) failed to prevent

colonisation in pigs. This failure is tikely to relâte specifically to the particular recombinant

proteín uscd, as well as to other more down-stream issues ofdelivery systens and routes,

dose râtes, choice ofadjuvants eto. (Gabe, JD, Chang, RJ, Slomiany, R, Andrews, WH and

McCaman, MT (1995) Isolation ofexhâcyloplasmic proteins from Serpulinu hyotlysenteriae

8204 and molecular cloning ofthelaB I gene encoding a 38-kilodalton flagellar protein.

Infection and Immunity 63:142-14tt). The first reported partially protective recombinant B.

hyodysenteriae protein used for vaccination was a 29.7 kDa outer membrane lipoprotein

(8h1p29.7, also referred to as BmpB and BlpA) which had homology with the methionine-

binding lipoprotcins ofvarious pathogcnic bacteria. The usc ofthe hís'tagged recombinant

Bhlp29.7 protcin f:or vaccination ofpigs, followed by experimcntal ohallenge with ß.

hyodysenteriae,resulted in l7-40% ofvaccinated pigs developing disease compared to 50-

70% ofthe uuvaccinated control pigs developing disease. Since the incidencc ofdiscase for

the Bhlp29.7 vaccinâted pigs was significantly (P=0.047) less than for the conlrol pigs'

Bhtp29.7 appeared to have potential as a swine dysentery vaccine component (La, T' Phillips,

ND, Reichcl, MP and Hampson, DJ (2004). Protection of pigs from swine dyscntcry by

vaccination with recombinant BmpB, ¿ 29.7 kDa outer-mcmbranc lipoptotein of ßrachyspira

hyodysenter¡ae.Veterinary Microbiology 102:9?-109). A number ofother âttempts lìavo been

made to identily outer envelop proteins lrom B. hyodysenteriae Lhat couldbe used as

recombinant vaccine components, but again no successful vaccine has yet been made A

Brief Summary of Invention It is an object of this invention to have novel genes from B.
hyodysenteriae and the 20 proteins encoded by those genes. It is a further object of this
invention that the novel genes and the proteins encoded by those genes can be used for
therapeutic and diagnostic purposes. One can use the genes and/or the proteins in a vaccine
against B. hyodysenteriae and to diagnose B. hyodysenteriae infections. It is an object of this
invention to have novel B. hyodysenteriae genes having the 25nucleotide sequence contained
in SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43,
45, 47, 49, 51, 53, 55, 57, 59, 61, 63, and 65. It is also an object of this invention to have
nucleotide sequences that are identical to SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21,
23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, and 65 where
the percentage identity can be at least 95%, 90%, 85%, 80%, 30 75% and 70% (and every
integer from 100 to 70). This invention also includes a DNA vaccine or DNA immunogenic
composition containing the nucleotide sequence of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, and 65
and sequences that are at least 95%, 90%, 85%, 80%, 75% and 70% identical (and every
integer from 100 to 70) to these sequences. This invention further includes a diagnostic assay
containing DNA having the nucleotide sequence of SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, and 65
and sequences that are at least 95%, 90%, 85%, 80%, 75% and 70% identical (and every
integer from 100 to 70) to these sequences. 5It is also an object of this invention to have
plasmids containing DNA having the sequence of SEQ ID NOs: I, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37,  39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, and 65;
prokaryotic and/or eukaryotic expression vectors containing DNA having the sequence of
SEQ ID NOs: I, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45,
47, 49, 51, 53, 55, 57, 59, 61, 63, 10 and 65; and a cell containing the plasmids which contain
DNA having the sequence of SEQ ID NOs: I, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29,
31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, and 65.       It is an object of
this invention to have novel B. hyodysenteriae proteins having the amino acid sequence
contained in SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 15 28, 30, 32, 34, 36,
38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, and 66. It is another object of this
invention to have proteins that are at least 95%, 90%, 85%, 80%, 75% and 70% homologous
(and every integer from 100 to 70) to the sequences contained in SEQ ID NOs: 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, and 66. It is also an object of this invention for a vaccine or 20 immunogenic
composition to contain the proteins having the amino acid sequence contained in SEQ ID
NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, 60, 62, 64, and 66, or amino acid sequences that are at least 95%, 90%,
85%, 80%, 75% and 70% homologous (and every integer from 100 to 70) to the sequences
contained in SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 2534, 36,
38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, and 66. It is a further aspect of this
invention to have a diagnostic kit containing one or more proteins having a sequence
contained in SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, and 66 or that are at least 95%, 90%, 85%,
80%, 75% and 70% homologous to the sequences contained in SEQ ID NOs: 2, 4, 6, 8, 10,
3012, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64, and 66.      It is another aspect of this invention to have nucleotide sequences
which encode the proteins having the amino acid sequence contained in SEQ ID NOs: 2, 4, 6,
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56,
58, 60, 62, 64, and 
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much more global approach is rlocdcd to the identification ofpotcntially uscful immunogcnic

rccombinant protcins from B. hyodysenleriae is nccdcd.

To date, only onc study using DNA for vaccination has bccn rcportcd' In this study,

tfie Il. hyodysenteriae ftnA gete, encoding a putative fcnitin, was cloncd inta an E. coli

plasmid and the plasmid DNA used to coat gold beads forb¿llistic vaccination. A murine

model for swine dysefltery was used to determine the protective nature ofvâccination with

DNA and/or recombinant protein. Vaccination with recombinant protein induced a good

systcmic response against ferritin however vaccination with DNA induced only a detectable

systemic response. Vaccination with DNA followed a boost with recombinant protein

induced a systemic immune respon$e to ferritin only after boosting with protein. Iìowever,

none ofthe vaccination regimes tested was able to provide the mice with protcction against l?.

hyor)ysenteriae colonisation and the associated lcsions. lnterestingly, vaccination ofthe mice

with DNA alone resulted in significant exacerb¿tion oftlisease (Davis, A J., Smith' S.C' ând

Moore, R.J. (2005) . The ßrachyspira hyotlysenteriae finA gene: DNA vaccinatíon and real-

time PCR quantification ofbacteriå iû a mouse model ofdiseasc. Cunent Microbiology 50:

28s-291),

Briel Sunuuary of Invention

It is an object of this invention to have novel genes from B. hyodysenteriae and the

proieins encoded by those genes. It is a further object ofthis invention that tllc novel gcnes

and the proteins encoded by those genes can be used for therapeutic and diagnostio purposes

Onc can use the genes and/or the proteins in a vaccine against B, hyotlysenteriae and to

diagnose lì. hyodys enterioe infcctions.

It is an object ofthis invention to have novel ß. hyodysenteriae genes having the

nuclcotide scqucncc containcd in SEQ ID NOs: 1,3,5,7,9,1l, 13, 15, 17,19,21,23'25,27,

29,31,33,35,3"1,39,4t,43,45,47,49,s|,53,55,57,59,61,ó3,and65. Itisalsoan

object of this invention to have nuclcotide sequences that are identical to SEQ lD NOs: l' 3,

5,7,9,lt,13, 15, 17, 19,21,23,2s,27,29,31,33,35, 37,39,41,43,45,47,49,5t,53,5s,

57, 59, 61, 63, and 65 where thc percentâge identity can b e at least 95Yo, 90%o, 85%' 80%'

75o/o and 70Vo (and every integer from 100 fro 70). This inveution also includes aDNA

vaccine or DNA immunogeníc composition containing the nucleotide sequence ofSEQ lD

NOs: l. 3, 5, 7,9, 11,13,15,17, 19,2t,23,25,27,29,31, 33, 35, 37, 39,4r,43' 4s,47,49,

51, 53, 55, 57,59, 61,63, and ó5 and sequences that are at least 95Vo,90o/",85%,8001,' 7 sYo

and 70% identical (and every integer from 100 to 70) to these sequences. This invention

66, and encode the amino acid sequences that are at least 95%, 90%, 85%, 80%, 75% and
70% homologous (and every integer from 100 to 70) to the sequences contained in SEQ ID
NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, 60, 62, 64, and 66. The invention also covers plasmids, eukaryotic and 5
prokaryotic expression vectors, and DNA vaccines which contain DNA having a sequence
which encodes a protein having the amino acid sequence contained in SEQ ID NOs: 2, 4, 6,
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56,
58, 60, 62, 64, and 66, and encode amino acid sequences that are at least 95%, 90%, 85%,
80%, 75% and 70% homologous (and every integer from 100 to 70) to the sequences 10
contained in SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, and 66. Cells which contain these plasmids
and expression vectors are included in this invention.       This invention includes monoclonal
antibodies that bind to proteins having an amino acid sequence contained in SEQ ID NOs: 2,
4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 1532, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54, 56, 58, 60, 62, 64, and 66 or bind to proteins that are at least 95%, 90%, 85%, 80%, 75%
and 70% homologous (and every integer from 100 to 70) to the sequences contained in SEQ
ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,
50, 52, 54, 56, 58, 60, 62, 64, and 66. Diagnostic kits containing the monoclonal antibodies
that bind to proteins having an amino acid 20 sequence contained in SEQ ID NOs: 2, 4, 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58,
60, 62, 64, and 66 or bind to proteins that are at least 95%, 90%, 85%, 80%, 75% and 70%
homologous (and every integer from 100 to 70) to the sequences contained in SEQ ID NOs;
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54, 56, 58, 60, 62, 64, and 66 are included in this 25invention. These diagnostic kits can
detect the presence of B. hyodysenteriae in an animal. The animal is preferably any mammal
and bird; more preferably, chicken, goose, duck, turkey, parakeet, dog, cat, hamster, gerbil,
rabbit, ferret, horse, cow, sheep, pig, monkey, and human. The invention also contemplates
the method of preventing or treating an infection of 30 B. hyodysenteriae in an animal by
administering to an animal a DNA vaccine containing one or more nucleotide sequences listed
in SEQ ID NOs: I, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43,
45, 47, 49, 51, 53, 55, 57, 59, 61, 63, and 65 or sequences that are at least 95%, 90%, 85%,
80%, 75% and 70% identical (and every integer from 100 to 70) to these sequences. This
invention also covers a method of preventing or  treating an infection of B. hyodysenteriae in
an animal by administering to an animal a vaccine containing one or more proteins having the
amino acid sequence containing in SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, and 66 or sequences
that are at least 95%, 90%, 85%, 80%, 5 75% and 70% homologous (and every integer from
100 to 70) to these sequences. The animal is preferably any mammal and bird; more
preferably, chicken, goose, duck, turkey, parakeet, dog, cat, hamster, gerbil, rabbit, ferret,
horse, cow, sheep, pig, monkey, and human.      The invention also contemplates the method
of generating an immune response in an animal by administering to an animal an
immunogenic composition containing one or more 10nucleotide sequences listed in SEQ ID
NOs: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53, 55, 57, 59, 61, 63, and 65 or sequences that are at least 95%, 90%, 85%, 80%, 75%
and 70% identical (and every integer from 100 to 70) to these sequences. This invention also
covers a method of generating an immune response in an animal by administering to an
animal an immunogenic composition containing one or 15 more proteins having the amino
acid sequence containing in SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, and 66 or sequences that are
at least 95%, 90%, 85%, 80%, 75% and 70% homologous (and every integer from 100 to 70)
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furthel includcs a diaguostic assay contairring DNA having thc nucleotidc scqucncc of SEQ

IDNOs: 1,3,5,7,9,11,13, 15, 17, 19,21,23,25,27,29,31,33,35,37,39,41,43,45,47'

49,51,53,55,57,59,61,63, and 65 and scqucnccs that arc at lcast 95%, 90%,85%,80%,

7 5"/o and 70% identical (and every integer from 100 to 70) to thcsc soquenccs.

It is also an objeot ofthis invcntion to have plasmids containing DNA having the

sequence of SEQ ID NOs: 1, 3, 5, 7, 9. I l, I3, 15, 17,19,21,23,25,27,29,31,33,35,37,

39,41,43,45,4'1,49,51,53,55,57,59,61,63, and 65; prokaryotic and/or eukaryotic

expression vectors containing DNA having the sequencc of SEQ IDNOs: 1,3,5,7,9, tl, 13,

t5,t7,19,21,23,2s,27,29,31,33,35,37,39,41,43,4s,47,49, s1,53, ss, 57,s9,61,63,

and 65; and a cell containing the plasmíds which contain DNA having the sequence ofSEQ

ID NOs: 1,3,5,7,9,11,13,15,17,19,21,23,25,27'29,31,33,35,37,39,41,43,45,47,

49, 51, 53, 55, 57, 59, 61, 63, and 65.

It is an object ofthis invention to have novel B. hyodysenteriae ptoteins having the

amino acid scquence coutained iu SEQ ID NOs: 2, 4,6,8, \0, 12, 14, 16, 18,20'22' 24'26,

28,30,32,34,36,38, 40, 42, 44,46,48, 50, 52, 54, 56, 58, 60,62,64, and 66. It is another

object ofthis invention to have proteins that are at lcast 95%, 90o/o,85%o,80%,7 5% and 707.

homologous (and every integer from 100 to 70) to thc scquences contained in SEQ ID NOs:

2, 4, 6, 8, 1 0, 12, t 4, 1 6, l 8, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,

54, 56, 58, 60, 62, 64, and 66. lt is also an object ofthis iDvention for a vaccine or

immunogenic composition to contain the proteins h&ving the amino acid sequence contained

in SEQ ID NOs: 2,4,6,8,10,12,14,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,

46,48, 50, 52,54,56,58, 60,62,64, and 66, or amino acid sequences that are at least 95olo,

90%,85%,80o/',7 5o/. and 70%o homologous (and every integer from 100 to 70) to the

sequenccs contained in SEQ ID NOs: 2,4,6,8, 10, 12, 14, 16, 18,20,22,24'26'28' 30'32'

34,36,38,40,42,44,46,48,50,52, s4, s6,58, 60, 62, 64, and 66. It is a firñher aspect of

this invention to have a diagnostic kit containing one or moro proteins having a sequence

contained in SEQ ID NOs: Z, 4,6,8, 10, 12, 14, 16, 18,20,22,24,26, 28, 30' 32,34,36' 38,

40,42, 44,46,48, 50, 52, 54, 56, 58,60,62,64, and 66 or that are at least95%o,90%o' 85V:o'

80Yo,75%o and 70o/o homologous to the sequences contained in SEQ ID NOs: 2' 4' 6' 8, 10,

12, t4,16, 18,20,22,24,26,28,30,32,34,36,38,40,42,44,46, 48, 50, 52, 54, s6, 58, 60,

62,64, and 66.

It is another aspect ofthis invention to have nucleotide sequenoes which encode the

proteirrs havitrg the amino acid sequence confained in SEQ ID NOs: 2,4,6,8,10' 12,14' 16,

18,20,22,24,26,28,30,32,34,36,38,40,42,44,46,48,50,52,54,56,58,60,62,64,and

Detailed Summary of Invention          The articles "a" and "an" are used herein to refer to one
or to more than one (i.e., to at 25 least one) of the grammatical object of the article. By way of
example, "an element" means one element or more than one element. The term "amino acid"
is intended to embrace all molecules, whether natural or synthetic, which include both an
amino functionality and an acid functionality and capable of being included in a polymer of
naturally-occurring amino acids. Exemplary amino acids 30include naturally-occurring amino
acids; analogs, derivatives and congeners thereof; amino acid analogs having variant side
chains; and all stereoisomers of any of any of the foregoing.      An animal can be any
mammal or bird. Examples of mammals include dog, cat, hamster, gerbil, rabbit, ferret, horse,
cow, sheep, pig, monkey, and human. Examples of birds include chicken, goose, duck,
turkey, and parakeet.        The term "conserved residue refers to an amino acid that is a
member of a group of amino acids having certain common properties. The term "conservative
amino acid substitution" refers to the substitution (conceptually or otherwise) of an amino acid
from one such group with a different amino acid from the same group. A functional way to
define 5 common properties between individual amino acids is to analyze the normalized
frequencies of amino acid changes between corresponding proteins of homologous
organisms (Schulz, G. E. and R. H. Schinner., Principles of Protein Structure,
Springer-Verlag). According to such analyses, groups of amino acids may be defined where
amino acids within a group exchange preferentially with each other, and therefore resemble
each other most in their impact on the 10overall protein structure (Schulz, G. E. and R. H.
Schirmer, Principles of Protein Structure, Springer-Verlag). Examples of amino acid groups
defined in this manner include: (i) a positively-charged group containing Lys, Arg and His, (ii)
a negatively-charged group containing Glu and Asp, (iii) an aromatic group containing Phe,
Tyr and Trp, (iv) a nitrogen ring group containing His and Tip, (v) a large aliphatic nonpolar
group containing Val, Leu 15 and De, (vi) a slightly-polar group containing Met and Cys, (vii) a
small-residue group containing Ser, Thr, Asp, Asn, Gly, Ala, Glu, Gin and Pro, (viii) an
aliphatic group containing Val, Len, De, Met and Cys, and (ix) a small, hydroxyl group
containing Ser and Thr. A "fusion protein" or "fusion polypeptide" refers to a chimeric protein
as that term is 20 known in the art and may be constructed using methods known in the art. In
many examples of fusion proteins, there are two different polypeptide sequences, and in
certain cases, there may be more. The polynucleotide sequences encoding the fusion protein
may be operably linked in frame so that the fusion protein may be translated correctly. A
fusion protein may include polypeptide sequences from the same species or from different
species. In various 25 embodiments, the fusion polypeptide may contain one or more amino
acid sequences linked to a first polypeptide. In the case where more than one amino acid
sequence is fused to a first polypeptide, the fusion sequences may be multiple copies of the
same sequence, or alternatively, may be different amino acid sequences. The fusion
polypeptides may be fused to the N-terminus, the C-terminus, or the N- and C-terminus of the
first polypeptide. 30Exemplary fusion proteins include polypeptides containing a glutathione
5-transferase tag (GST-tag), histidinc tag (His-tag), an immunoglobulin domain or an
immunoglobulin binding domain.      The term "isolated polypeptide" refers to a polypeptide, in
certain embodiments prepared from recombinant DNA or RNA, or of synthetic origin or natural
origin, or some  combination thereof, which (1) is not associated with proteins that it is
normally found with in nature, (2) is separated from the cell in which it normally occurs, (3) is
free of other proteins from the same cellular source, (4) is expressed by a cell from a different
species, or (5) does not occur in nature. It is possible for an isolated polypeptide exist but not
qualify as 5a purified polypeptide.       The term "isolated nucleic acid" and "isolated
polynucleotide" refers to a polynucleotide whether genomic DNA, cDNA, mRNA, tFtNA, rRNA,
iRNA, or a polynueleotide obtained from a cellular organelle (such as mitochondria and
chloroplast), or whether from synthetic origin, which (1) is not associated with the cell in which
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66, and cncodc the amino acid scqucnccs that arc ât lcast 95%, 90%,85%,80Vo,7 5o/, and

70% homologous (and cvcty intcgcr from 100 to 70) to thc sequetìccs contailled in SEQ ID

NOs: 2,4, 6,8, 10, 12, 14,16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,46' 48' s0'

52, 54, 56,58, 60, 62, 64, and ó6, Thc invcntion also covers plasmids, eukâryotic arìd

prokaryotic exprcssion veclors, and DN.A. vaccines which contain DNA having a sequence

which encodes a protein having the amino acid sequence containcd in SEQ ID NOs: 2, 4, 6'

{,1, 10, 12, 14, 16,18,20,22,24,26,28,30,32,34,36,38,40,42,44,46, 48, 50, 52, s4, s6,

58,60, 62,64, and 66, and encode amino acid sequences that are at leãstgsyo,90yo,85Vo,

80Yo,7 SYo and 70o/" homologous (and every integer fiorn I00 to 70) to the sequences

contained in SEQ ID NOs: 2,4, 6, 8, 10, 12, 14, 16, 18,20, 22,24,26,28,30,32,34, 36, 38,

40, 42, 44, 46,48,50,52,54, 56,58,60,62,64, and 66. Cells which contain these plasmids

and expression vectors are included in this invention.

This invcntion includes monoclonal ¿ntibodies thât bind to pmteins having an amino

acid sequence contained in SEQ ID NOs:2,4,6,8, 10, 12, 14,16,18,20,22,24,26,28,30,

32,34,36,38,40, 42,44,46,48, 50, 52, 54,56, 58, 60, 62, 64, and 66 or biûd to proteins that

are at least 95%,90%,85%,80%,75% and 70% homologous (and every integer from 100 to

?0) to the sequences contained in SEQ ID NOs: 2, 4,6,8, 10, 12, 14,16, 18, 20, 22,24,26,

28,30,32,34,36,38,40,42,44,46,48,s0,52,54,56,58,60,62,64,and66. Diagnostic

kits containing the monoclonal antibodies that bind to proteins having an amino acid

scquence contained in SEQ ID NOs: 2,4,6,8,10,12,14,16, 18,20,22,24,26,28,30,32,

34,36,38,40,42,44,46,48, 50, 52, 54,56, 58, ó0, 62, 64, and 6ó or bind to proteins thst are

øt least 95o/o, 90Vo,85%, 80o/', 7 5%o snd 7\o/ohomologous (and every integer from 100 to 70)

to the sequences contained in SEQ ID NOs; 2, 4, 6, 8, 10, 12, 14, 16,18,20,22,24,26,28,

30,32,34,36,38,40,42,44,46,48,50,52, s4, 56, 58, 60, 62,64, and 66 arc includcd in this

invcntion. Thcsc diagnostic kits cen dctcot thc presence ofß. hyodysenterkte in an animal.

The animal is preferably any mammal and bird; more preferably, chicken, goose, duck,

turkey, parakeet, dog, cat, hamster, gorbil, rabbit, fenet, horse, cow, sheep, pig, monkey, and

human.

The invention also contemplates the method ofpreventing or lreating an infection of

B. hyodysenteriae in an animal by administcring to an animal a DNA vaccinc containing onc

or morc nucleotide scquences listcd in SEQ ID NOs: l,3,5,7,9, 11, 13, 15,17,19,21,23,

2s, 27, 29, 31, 33, 3s, 37, 39, 41, 43, 4s, 47, 49, 5 l, 53, s5, 57, 59, 61, 63, and 65 0r

sequencos tlìet arc at least 95%, 90%,85%,80%,7 5o/' and 70% idcnlical (and every intcger

from 100 to 70) to these seqrences. This invention also covers a method ofpreventing or

10nucleic acid" is found in nature, or (2) is operably linked to a polynucleotide to which it is not
linked in nature. It is possible for an isolated polynucleotide exist but not qualify as a purified
polynucleotide. The term "nucleic acid" and "polynucleotide" refers to a polymeric form of
nucleotides, either ribonucleotides or deoxyribonueleotides or a modified form of either type
15of nucleotide. The terms should also be understood to include, as equivalents, analogs of
either RNA or DNA made from nucleotide analogs, and, as applicable to the embodiment
being described, single-stranded (such as sense or antisense) and double-stranded
polynucleotides. The term "nucleic acid of the invention" and "polynucleotide of the invention"
refers 20 to a nucleic acid encoding a polypeptide of the invention. A polynucleotide of the
invention may comprise all, or a portion of, a subject nucleic acid sequence; a nucleotide
sequence at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98% or 99% identical to a subject
nucleic acid sequence (and every integer between 60 and 100); a nucleotide sequence that
hybridizes under stringent conditions to a subject nucleic acid sequence; nucleotide
sequences encoding 25polypeptides that arc functionally equivalent to polypeptides of the
invention; nucleotide sequences encoding polypeptides at least about 60%, 70%, 80%, 85%,
90%, 95%, 98%, 99% homologous or identical with a subject amino acid sequence (and every
integer between 60 and 100); nucleotide sequences encoding polypeptides having an activity
of a polypeptide of the invention and having at least about 60%, 70%, 80%, 85%, 90%, 95%,
98%, 99% or more 30 homology or identity with a subject amino acid sequence (and every
integer between 60 and 100); nucleotide sequences that differ by Ito about 2, 3, 5, 7, 10, 15,
20, 30, 50, 75 or more nucleotide substitutions, additions or deletions, such as allelic variants,
of a subject nucleic acid sequence; nucleic acids derived from and evolutionarily related to a
subject nucleic acid sequence; and complements of, and nucleotide sequences resulting from
the degeneracy of  the genetic code, for all of the foregoing and other nucleic acids of the
invention. Nucleic acids of the invention also include homologs, e.g., orthologs and paralogs,
of a subject nucleic acid sequence and also variants of a subject nucleic acid sequence which
have been codon optimized for expression in a particular organism (e.g., host cell). 5The term
"operably linked", when describing the relationship between two nucleic acid regions, refers to
a juxtaposition wherein the regions are in a relationship permitting them to function in their
intended manner. For example, a control sequence "operably linked" to a coding sequence is
ligated in such a way that expression of the coding sequence is achieved under conditions
compatible with the control sequences, such as when the 10appropriate molecules (e.g.,
inducers and polymerases) are bound to the control or regulatory sequence(s).       The term
"polypeptide", and the terms "protein" and "peptide" which are used interchangeably herein,
refers to a polymer of amino acids. Exemplary polypeptides include gene products,
naturally-occurring proteins, homologs, orthologs, paralogs, fragments, and 15 other
equivalents, variants and analogs of the foregoing.       The terms "polypeptide fragment" or
"fragment", when used in reference to a reference polypeptide, refers to a polypeptide in
which amino acid residues are deleted as compared to the reference polypeptide itself, but
where the remaining amino acid sequence is usually identical to the corresponding positions
in the reference polypeptide. Such deletions 20 may occur at the amino-terminus or
carboxy-terminus of the reference polypeptide, or alternatively both. Fragments typically are at
least 5, 6, 8 or 10 amino acids long, at least 14 amino acids long, at least 20, 30, 40 or 50
amino acids long, at least 75 amino acids long, or at least 100, 150, 200, 300, 500 or more
amino acids long. A fragment can retain one or more of the biological activities of the
reference polypeptide. In certain embodiments, a fragment 25 may comprise a domain having
the desired biological activity, and optionally additional amino acids on one or both sides of
the domain, which additional amino acids may number from 5, 10, 15, 20, 30, 40, 50, or up to
100 or more residues. Further, fragments can include a sub-fragment of a specific region,
which sub-fragment retains a function of the region from which it is derived. In another
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treating an infection ofB. hyodysenteriae in an animal by administelÌng 1o arr animal a

vaccine containing onc or morc proteins having thc amino acid sequcncc containing in SEQ

ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48,

50, 52, 54,56, 58, 60, 62, 64, and 66 or sequences that are zt Least95o/n,90%,85o/",80%,

75"/o nd 70Vo homologous (and every integer from 100 to 70) to these sequences. The

animal is prefcrably any mammal and bird; more preferably, chicken, goose, duck, turkey,

parakeet, dog, cat, hamster, gerbil, rabbit, fenct, horse, cow, sheep, pig, monkey, and human.

The invention also contemplates the method ofgenerating an immune response in an

animal by administering to an animal an immunogenic composition coutaining one or more

nuoleotidc sequences listed in SEQ ID NOs: 1,3,5, 7,9, 11, 13, 15,17,19,21,23,25,27,

29, 31,33,35,37 , 39, 41, 43, 45, 4'7 , 49, 51, 53, 55, 57, 59,61, 63, and 65 or sequences that

are at least 95%, 90o/",85yo,80Vo,l5o/. andTÙYo identical (and every integer i'rom 100 to 70)

to these sequences. This inveniion also covers a method of generating an immune response

in an animal by administering to an animal an immunogenic composition contâining one or

more proteins having the amino acid sequence containing in SEQ ID NOs: 2,4,6,8,10,12,

14, ló, r8, 20, 22,24,26,28,30,32,34,36,38,40,42,44,46,48, 50, 52, 54, s6, s8,60,62,

64, and 6ó ol sequences that are at le asl95Vo, 90o/n, 85o/o, 80%, 7 5% and 70% homologous

(and every integer from I00 to 70) to these scquences. The animal is preferably any mammal

and bird; more preferably, chicken, goose, duck, turkey, parakeet, dog, cat, hamster, gerbil,

rabbit, ferret, horse, cow, sheep, pig, monkey, and human.

Detâiled Sumnâry of Invenlion

The articlcs "a" and "an" are used herein to refer to one or to more than one (i.e., to at

least one) ofthe grammatical object ofthe article. By way ofexample, "an elelnent" means

one element or more thân one element.

The term "amino acid" is íntended to embrace all molecules, whether natural or

synthetic, which include both an amino funotionality and an acid functionalíty and capablc of

being includcd in a polymer of naturally-occurrhtg amino acids. Exemplary amino acids

inolude naturally-occurring amino acids; attalogs, derivatives and congeners thereof; amino

acid analogs having variant side chains; and all stereoisomers ofany of any ofthe foregoing

An animal can be any mammal or bird. Examples of mammals include dog, cat,

hamster, gerbil, rabbit, fenet, horsc, cow, sheep, pig, monkey, and human. Examples of birds

include chicken, goose, duck, turkey, and parakeet.

30 The term "polypcptide of the invention" refers to a polypeptide containing a subject amino
acid sequence, or an equivalent or fragment thereof. Polypeptides of the invention include
polypeptides containing all or a portion of a subject amino acid sequence; a subject amino
acid sequence with Ito about 2, 3, 5, 7, 10, 15, 20, 30, 50, 75 or more conservative amino acid
substitutions; an amino acid sequence that is at least 60%, 70%, 80%, 90%, 95%,   96%,
97%, 98%, or 99% homologous to a subject amino acid sequence (and every integer between
60 and 100); and functional fragments thereof. Polypeptides of the invention also include
homologs, e.g., orthologs and paralogs, of a subject amino acid sequence. It is also possible
to modify the structure of the polypeptides of the invention for such 5purposes as enhancing
therapeutic or prophylactic efficacy, or stability (e.g., ex vivo shelf life, resistance to proteolytic
degradation in vivo, etc.). Such modified polypeptides, when designed to retain at least one
activity of the naturally-occurring form of the protein, are considered "functional equivalents" of
the polypeptides described in more detail herein. Such modified polypeptides may be
produced, for instance, by amino acid substitution, deletion, or 10 addition, which substitutions
may consist in whole or part by conservative amino acid substitutions. For instance, it is
reasonable to expect that an isolated conservative amino acid substitution, such as
replacement of a leucine with an isoleucine or valine, an aspartate with a glutamate, a
threonine with a serine, will not have a major affect on the biological activity of 15 the resulting
molecule. Whether a change in the amino acid sequence of a polypeptide results in a
functional homolog may be readily determined by assessing the ability of the variant
polypeptide to produce a response similar to that of the wild-type protein. Polypeptides in
which more than one replacement has taken place may readily be tested in the same manner.
The term "purified" refers to an object species that is the predominant species present 20(i.e.,
on a molar basis it is more abundant than any other individual species in the composition). A
"purified fraction" is a composition wherein the object species is at least about 50 percent (on
a molar basis) of all species present. In making the determination of the purity or a species in
solution or dispersion, the solvent or matrix in which the species is dissolved or dispersed is
usually not included in such determination; instead, only the species 25(including the one of
interest) dissolved or dispersed are taken into account. Generally, a purified composition will
have one species that is more than about 80% of all species present in the composition, more
than about 85%, 90%, 95%, 99% or more of all species present. The object species may be
purified to essential homogeneity (contaminant species cannot be detected in the composition
by conventional detection methods) wherein the composition is 30essentially a single species.
A skilled artisan may purify a polypeptide of the invention using standard techniques for
protein purification in light of the teachings herein. Purity of a polypeptide may be determined
by a number of methods known to those of skill in the art, including for example,
amino-terminal amino acid sequence analysis, gel electrophoresis, mass-spectrometry
analysis and the methods described herein.        The terms "recombinant protein" or
"recombinant polypeptide" refer to a polypeptide which is produced by recombinant DNA
techniques. An example of such techniques includes the case when DNA encoding the
expressed protein is inserted into a suitable expression vector which is in turn used to
transform a host cell to produce the protein or 5 polypeptide encoded by the DNA.       The
term "regulatory sequence" is a generic term used throughout the specification to refer to
polynucleotide sequences, such as initiation signals, enhancers, regulators and promoters,
that are necessary or desirable to affect the expression of coding and non-coding sequences
to which they are operably linked. Exemplary regulatory sequences are described 
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Thc tcrm "conscFr'cd rcsiduc" tofc$ to an amino acid that is å mcmbcr ofa gloup of

amino acids having ccrtain common properties. Thc tcrm "cottscrvative amino acid

substitution" rcfcrs to thc substitution (conccptually or othetwisc) ofan amino acid from onc

such group with a different amino acid from the same group. A functional way to define

common properties between individual amino acids is to analyze the normalized frequencies

of amino acid changes between corresponding proteins ofhomologous organisms (Schulz, G.

E. and R. H, Schinner., Principles ofProtein Structure, Springer-Verlag) According to such

analyscs, groups of amino acids may be defined where amino acids within a group exchange

preferentially with each ofher, and therefore resemble each other most in their impact on the

overall protein structure (Schulz, G. E. and R. H. Sohirmer, Principles ofProtein Structure,

Springer-Verlag). Examples ofarnino acid groups dcfined in this manncr include: (i)a

positively-charged group containing Lys, Arg and His, (ii) a negatively-charged group

containing Glu and Asp, (iii) an arom¿tic groùp containing Phe, Tyr and Trp, (iv) a nitrogen

ring group containing llis and Trp, (v) a targe aliphatic nonpoler group containing Val, Lcu

and De, (vi) a slightly-polar $oup containing Met and Cys, (vii) a small-residue group

contâining Ser, Thr, Asp, Asn, Gly, Ala, Glu, GIn and Pro, (viii) an aliphatic group

containing Val, Leu, De, Met and Cys, and (ix) a small, hydroxyl group containing Ser and

Thr.

A "fusion protein" or "fusion polypeptide" refers to a chimeric protein as that term is

known in the art and may be constructed using methods known in the art, In many examples

offusion proteins, the¡e are two different polypeptide sequenccs, and in certain cases, fhere

may be more. The pol¡'nucleotide sequences encoding the fusion protein may be operably

tinked in frame so that the fusion protein may be translated correctly, A fusion proteín may

include poþcptidc scquenccs from the same species or from different spccics ln various

cmbodímcnts, thc fusion polypeptide may contain ono or more amino acid sequenccs linked

to a first polypeptide. In the case where more than one amino aoid sequence is fused to a first

polypeptide, the Íùsion sequences may be multiple oopies ofthe same sequence, or

alternatively, may be different amino acid sequences. The fusion polypeptides may be fused

to the N-terminus, the C-terminus, or the N- and C-terminus of the first polypeptide

Excmplary fusion proteins include polypcptidcs containing a glutathione S-transfelasc tag

(GST+ag), histidinc tag (His-tag), an immunoglobulin domain or an immunoglobulin binding

domain.

The term "isolated polypeptide" refers to a polypeptide, in ce¡tain embodiments

prepared from recombinant DNA or RNA, or ofsynthetic origin or natural origin, or some

10 in Goeddel; Gene Expression Technology: Methods in Enzymology, Academic Press, San
Diego, CA (1990), and include, for example, the early and late promoters of 5V40, adenovirus
or cytomegalovirus immediate early promoter, the lac system, the trp system, the TAC or TRC
system, T7 promoter whose expression is directed by T7 RNA polymerase, the major operator
and promoter regions of phage lambda, the control regions for fd coat protein, 15 the
promoter for 3-phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid
phosphatase (e.g., Pho5), the promoters of the yeast a-mating factors, the polyhedron
promoter of the baculovirus system and other sequences known to control the expression of
genes of prokaryotic or eukaryotic cells or their viruses, and various combinations thereof.
The nature and use of such control sequences may differ depending upon the host organism.
20In prokaryotes, such regulatory sequences generally include promoter, ribosomal binding
site, and transcription termination sequences. The term "regulatory sequence" is intended to
include, at a minimum, components whose presence may influence expression, and may also
include additional components whose presence is advantageous, for example, leader
sequences and fusion partner sequences. In certain embodiments, transcription of a 25
polynucicotide sequence is under the control of a promoter sequence (or other regulatory
sequence) which controls the expression of the polynucleotide in a cell-type in which
expression is intended. It will also be understood that the polynucleotide can be under the
control of regulatory sequences which are the same or different from those sequences which
control expression of the naturally-occurring form of the polynucleotide. 30The term
"sequence homology" refers to the proportion of base matches between two nucleic acid
sequences or the proportion of amino acid matches between two amino acid sequences.
When sequence homology is expressed as a percentage, e.g., 50%, the percentage denotes
the proportion of matches over the length of sequence from a desired sequence that is
compared to some other sequence. Gaps (in either of the two sequences) are permitted to
maximize matching; gap lengths of 15 bases or less are usually used, 6 bases or less are
used more frequently, with 2 bases or less used even more frequently. The term "sequence
identity" means that sequences are identical (Le., on a nucleotide-by-nucleotide basis for
nucleic acids or amino acid-by-amino acid basis for polypeptides) over a window of 5
comparison. The term "percentage of sequence identity" is calculated by comparing two
optimally aligned sequences over the comparison window, determining the number of
positions at which the identical amino acids or nucleotides occurs in both sequences to yield
the number of matched positions, dividing the number of matched positions by the total
number of positions in the comparison window, and multiplying the result by 100 to yield the
10 percentage of sequence identity. Methods to calculate sequence identity are known to
those of skill in the art and described in further detail below.       The term "soluble" as used
herein with reference to a polypeptide of the invention or other protein, means that upon
expression in cell culture, at least some portion of the polypeptide or protein expressed
remains in the cytoplasmic fraction of the cell and does not 15 fractionate with the cellular
debris upon lysis and centrifugation of the lysate. Solubility of a polypeptide may be increased
by a variety of art recognized methods, including fusion to a heterologous amino acid
sequence, deletion of amino acid residues, amino acid substitution (e.g., enriching the
sequence with amino acid residues having hydrophilic side chains), and chemical modification
(e.g., addition of hydrophilic groups). 20The solubility of polypeptides may be measured using
a variety of art recognized techniques, including, dynamic light scattering to determine
aggregation state, UV absorption, centrifugation to separate aggregated from non-aggregated
material, and SDS gel electrophoresis (e.g., the amount of protein in the soluble fraction is
compared to the amount of protein in the soluble and insoluble fractions combined). When
expressed in a host cell, 25 the polypeptides of the invention may be at least about 1%, 2%,
5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or more soluble, e.g., at least about
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combination thcrcof, which (1) is not associatcd with protcins that it is normally found with

in naturc, (2) is scparated from the cell in which i1 normally occurs, (3) is frec ofothcr

protcins fiom thc samc cellular sourcc, (4) is cxpressed by a ccll from a diffcrent speoies, or

(5) docs nof occur in nature. It is possible for an isolated polypeptide exist but not qualily as

a purified polypeptide.

The term "isolated nucleic acid" and "isolated polynucleotidc" refers to a

polynucleotide whether genomic DNA, cDNA, mRNA, tRNA, rRNA, iRNA, or a

polynucleotide obtained from a cellular organelle (such as mitochondria and chloroplast), or

\ryhether íìom synthetic origin, whioh (l) is not associated with the cell in which the "isolated

nucleic acid" is found in nature, or (2) is operably linked to a pol¡'lucleotide to which it is not

linked in nature. It is possible for an isolated polynucleotide cxi"st but not qualify as a

purified polynucleotide.

The term "nucleic aoid" and "polynucleotide" refers to a polymeric form of

nucleotides, either ribonucleotides or deoxytibonucleotides or a modiflred form ofeither type

ofnucleotide. The terms should also be understood to include, as equivalents, analogs of

either RNA or DNA made from nucleotide analogs, and, as applicable to the embodiment

being described, single-strânded (such as sense or antisense) and double-stranded

polynucleoiides.

The term "nucleic acid ofthe invention" and 'þolynucleotide ofthe invention" refers

ùo a nucleic acid encoding a poìypeptide ofthe invention. A polynuoleotide ofthe invcntion

may comprise all, o¡ a portion of, a subject nucleic acid sequence; a nucleotide sequence at

least 60%o,70%,80%,90%,95%,96%,97o/o,98%o or 99Vo identical to a subject nucleic acid

sequence (and every integer between 60 and 100); a nucleotide sequence that hybridizes

under stringent conditions to a subject nucleic acid sequencc; nucleotide sequenccs encoding

polypeptides that are funotionally cquivalent to polypeptidcs ofthc invention; nucleotide

sequences encoding polypeptides at least about ó0%, 70%,80o/,,85%,90o/o,95%'98%,99%

homologous or identical with a subject amino acid sequence (and every integer between 60

and 100); nucleotide sequences encoding polypeptides having an activity ofa polypeptide of

the invention and having åt least ebou t 600/.,70%,80%, 85%,90o/o,95o/o,980/o, 99Vo or morc

homology or idcntity with a subjcct amino acid scqucncc (and evcry integcr ìretwccn 60 and

100); nuclcotidc sequcnccs that differ by I to about 2, 3,5,7 , 10, 15, 20, 30, 50, 75 or morc

nucleoiide substitutions, additions or deletions, such as allelic variants, ofa subject nucleic

acid sequence; nucleic acids derived from and evolutionarily rclated to a subject nucleic acid

sequence; and complements of, and nucleotide sequences resulting from the degeneracy of

60%, 70%, 80%, 90% or more of the total amount of protein expressed in  the cell is found in
the cytoplasmic fraction. In certain embodiments, a one liter culture of cells expressing a
polypeptide of the invention will produce at least about 0.1, 0.2, 0.5, 1, 2, 30 5, 10, 20, 30, 40,
50 milligrams of more of soluble protein. In an exemplary embodiment, a polypeptide of the
invention is at least about 10% soluble and will produce at least about 1 milligram of protein
from a one liter cell culture.      The term "specifically hybridizes" refers to detectable and
specific nucleic acid binding. Polynucleotides, oligonucleotides and nucleic acids of the
invention selectively  hybridize to nucleic acid strands under hybridization and wash
conditions that minimize appreciable amounts of detectable binding to nonspecific nucleic
acids. Stringent conditions may be used to achieve selective hybridization conditions as
known in the art and discussed herein. Generally, the nucleic acid sequence identity between
the polynucleotides, 5oligonucleotides, and nucleic acids of the invention and a nucleic acid
sequence of interest will be at least 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, 95%, 98%,
99%, or more (and every integer between 30 and 100). In certain instances, hybridization and
washing conditions are performed under stringent conditions according to conventional
hybridization procedures and as described further herein. 10The terms "stringent conditions"
or "stringent hybridization conditions" refer to conditions which promote specific hybridization
between two complementary polynucleotide strands so as to form a duplex. Stringent
conditions may be selected to be about 5C lower than the thermal melting point (Tm) for a
given polynucleotide duplex at a defined ionic strength and pH. The length of the
complementary polynucleotide strands and their GC 15 content will determine the Tm of the
duplex, and thus the hybridization conditions necessary for obtaining a desired specificity of
hybridization. The Tm is the temperature (under defined ionic strength and pH) at which 50%
of a polynucleotide sequence hybridizes to a perfectly matched complementary strand. In
certain cases it may be desirable to increase the stringency of the hybridization conditions to
be about equal to the Tm for a particular duplex. 20A variety of techniques for estimating the
Tm are available. Typically, G-C base pairs in a duplex are estimated to contribute about 3C
to the Tm, while A-T base pairs are estimated to contribute about 2C, up to a theoretical
maximum of about 80-100C. However, more sophisticated models of Tm are available in
which G-C stacking interactions, solvent effects, the desired assay temperature and the like
are taken into account. 25 For example, probes can be designed to have a dissociation
temperature (Td) of approximately 60C, using the formula: Td = (((3 x #GC) + (2 x #AT)) x 37)
- 562)/#bp) - 5; where #GC, #AT, and #bp are the number of guanine-cytosine base pairs, the
number of adenine-thymine base pairs, and the number of total base pairs, respectively,
involved in the formation of the duplex. 30Hybridization may be carried out in 5x SSC, 4x
SSC, 3x SSC, 2x SSC, lx SSC or  0.2x SSC for at least about 1 hour, 2 hours, 5 hours, 12
hours, or 24 hours. The temperature of the hybridization may be increased to adjust the
stringency of the reaction, for example,  from about 25C (room temperature), to about 45C,
50C, 55C, 60C, or 65C. The hybridization reaction may also include another agent affecting
the stringency, for example,  hybridization conducted in the presence of 50% formamidc
increases the stringency of hybridization at a defined temperature.       The hybridization
reaction may be followed by a single wash step, or two or more wash steps, which may be at
the same or a different salinity and temperature. For example, 5 the temperature of the wash
may be increased to adjust the stringency from about 25C (room temperature), to about 45C,
50C, 55C, 60C, 65C, or higher. The wash step may be conducted in the presence of a
detergent, e.g., 0.1 or 0.2% SDS. For example, hybridization may be followed by two wash
steps at 65C each for about 20 minutes in 2x SSC, 0.1% SDS, and optionally two additional
wash steps at 65C each for about 20 minutes in 0.2x SSC, 



lo

15

20

25

30

thc gctìctic codc, for all of thc foregoing and othcr nuclcic acids of the invcntion. Nuclcic

acids ofthc invcntion also includc homologs, e.g., olhologs and paralogs, ofa subjcct

nuoleic aoid scqucncc and also variants ofa subjcot nuclcic acid scquencc which havc bccn

codon optimized for expression in a particular organism (¿.g., host cell).

The term "operably linked", when describing the relationshiP betvr'een two nucleic

acid regions, refers to a juxtaposition wherein the regions are in a relationship permitting

them to function in theír intended manner. For example, a control sequence "opcrably

linked" to a coding sequence is ligated in such a way that expression ofthe coding sequence

is achieved under conditions compatible with the control sequenoes, such as when the

appropriate molecules (e.g., inducers and polymerases) are bound to the control or regulatory

sequencc(s).

Thc term "polypeptide", and the terms "protein" and "peptide" which are used

intelchangeably herein, rcfors to a pob.'rner of amino ¿cids. Exemplary polypeptides include

gene products, nâturally-occurring proteins, homologs, orthologs, paralogs, frâgments, and

other equivalents, variants and analogs ofthe foregoing.

The terms "polypeptide fragment" or "fragment", when used in reference to a

reference polypeptide, refers to a polypeptide in which amino acid residues are deleted as

compared to the reference polypepiide itself, but where the remaining amino acid sequence is

usually identicallo the conesponding positions in the reference polypeptide. Suoh deletions

may occur at the amino-terminus or carboxy-terminus ofthe reference polypepiidc, or

altematively both. Frtgments typically are at least 5,6,8 or l0 amino acids long, at least 14

amino acids long, at least 20, 30,40 or 50 amino acids long, at least 75 amino acids long, or

at least 100, .150, 200, 300, 500 or more amino acids long. A fragment can retain one or more

of thc biological activities of thc rcforence polypcptide. In ccrtain embodiments, a fregmcnt

may comprisc a domain having the desircd biological activity, and optionally additional

amino acids on one or both sides ofthe domain, which additional amino acids may number

from 5, 10, f 5, 20, 30, 40, 50, or up to l00or more residues. Further, fragments can include

a sub-ffagment ofa specific region, which sub-fragment retains a function of the region from

which it is derived. In another embodiment, â fragment may have immunogenic propcrties.

The tcrm "polypeptide ofthe invention" rcfers to a polypeptidc containing a subjcct

amino acid scqucncc, or an cquivalent ol fragmcnt thereof. Polypeptídes ofthc invention

include polypeptides containing all or a portíon ofa subject amino acid sequence; a subject

amino acid sequence with 1 to about 2 ,3, 5,7 , 10,15, 20, 30, 50, 75 or more conservative

amino acid substitutions; ân amino ecid sequence that is àrleàst 60yo,70Vo,80%,90%, 95%,

10 0.1%SDS.       Exemplary stringent hybridization conditions include overnight hybridization
at 65C in a solution containing 50% formamide, 10x Denhardt (0.2% Ficoll, 0.2%
polyvinylpyrrolidone, 0.2% bovine serum albumin) and 200 ug/m1 of denatured carrier DNA,
e.g., sheared salmon sperm DNA, followed by two wash steps at 65C each for about 15 20
minutes in 2x SSC, 0.1% SDS, and two wash steps at 65C each for about 20 minutes in 0.2x
SSC, 0.1% SDS.       Hybridization may consist of hybridizing two nucleic acids in solution, or
a nucleic acid in solution to a nucleic acid attached to a solid support, e.g., a filter. When one
nucleic acid is on a solid support, a prehybridization step may be conducted prior to
hybridization. 20 Prehybridization may be carried out for at least about 1 hour, 3 hours or 10
hours in the same solution and at the same temperature as the hybridization solution (without
the complementary polynucleotide strand).      Appropriate stringency conditions are known to
those skilled in the art or may be determined experimentally by the skilled artisan. See, for
example, Current Protocols in 25Molecular Biology, John Wiley 8c Sons, N.Y. (1989),
6.3.1-12.3.6; Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual, Cold Spring
Harbor Press, N.Y.; S. Agrawal (ed.) Methods in Molecular Biology, volume 20; Tijssen (1993)
Laboratory Techniques in Biochemistry and Molecular Biology -- Hybridization With Nucleic
Acid Probes, e.g., part I chapter 2 "Overview of principles of hybridization and the strategy of
nucleic acid probe 30 assays", Elsevier, New York; and Tibanyenda, N. et al., Fur. J.
Biochem. 139:19 (1984) and Ebel, S. ct al., 13iochcm. 31:12083 (1992).       The term "vector
refers to a nucleic acid capable of transporting another nucleic acid to which it has been
linked. One type of vector which may be used in accord with the invention is an episome, i.e.,
a nucleic acid capable of extra-chromosomal replication. Other  vectors include those capable
of autonomous replication and expression of nucleic acids to which they are linked. Vectors
capable of directing the expression of genes to which they are operatively linked are referred
to herein as "expression vectors". In general, expression vectors of utility in recombinant DNA
techniques are often in the form of "plasmids" which 5 refer to circular double stranded DNA
molecules which, in their vector form are not bound to the chromosome. In the present
specification, "plasmid" and "vector" are used interchangeably as the plasmid is the most
commonly used form of vector. However, the invention is intended to include such other forms
of expression vectors which serve equivalent functions and which become known in the art
subsequently hereto. 10 The nucleic acids of the invention may be used as diagnostic
reagents to detect the presence or absence of the target DNA or RNA sequences to which
they specifically bind, such as for determining the level of expression of a nucleic acid of the
invention. In one aspect, the present invention contemplates a method for detecting the
presence of a nucleic acid of the invention or a portion thereof in a sample, the method of the
steps of: (a) 15providing an oligonucleotide at least eight nucleotides in length, the
oligonucleotide being complementary to a portion of a nucleic acid of the invention; (b)
contacting the oligonucleotide with a sample containing at least one nucleic acid under
conditions that permit hybridization of the oligonucleotide with a nucleic acid of the invention
or a portion thereof; and (c) detecting hybridization of the oligonucleotide to a nucleic acid in
the sample, 20 thereby detecting the presence of a nucleic acid of the invention or a portion
thereof in the sample. In another aspect, the present invention contemplates a method for
detecting the presence of a nucleic acid of the invention or a portion thereof in a sample, by
(a) providing a pair of single stranded oligonucleotides, each of which is at least eight
nucleotides in length, complementary to sequences of a nucleic acid of the invention, and
wherein the sequences to 25 which the oligonucleotides are complementary are at least ten
nucleotides apart; and (b) contacting the oligonucleotides with a sample containing at least
one nucleic acid under hybridization conditions; (c) amplifying the nucleotide sequence
between the two oligonucleotide primers; and (d) detecting the presence of the amplified
sequence, thereby detecting the presence of a nucleic acid of the invention or a portion
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960/,,97%,98Vo, or 99Vo lrcmologous to a subjcct amino acid sccluencc (and cvcry intcgcr

bctwccn 60 and 100); and funotional lragments thercof. Polypeptides ofthe irtvention also

includc homologs, e.9., oftlrologs and paralogs, ofa subject amino acid sequcncc.

It is also possible to modify the structure of thc polypeptides ofthe invention for such

prrrposes as enhancing therapeutic or prophylactic efficacy, or stability (e.g., ¿,x vivo shelf

life, resistance to proteol)'tic degradation in vivo, etc.). Such modified polypoptides, when

designed to retain at least one activíty ofthe naturallyoccuffing form ofthe ptotein, are

considered "functional equivalents" oftho polypeptides desclibed in more detail herein. Such

modifierl polypeptides may be ploduced, f:or instance, by amino acid substitution, deletion, or

addition, which substitùfions may consist in whole ol paÉ by conservative amino acíd

substitutions.

For instance, it is reasonable úo expect that an isolated conservative amino acid

substitution, such as replacement ofa leucine with an isoleucine or valine, an aspartate with â

glutamate, a threonine with a serine, will not have a major âffect on the biological activity of

the resulting molecule. Whethcr a change in the amino âcid sequence of a polypeptide results

in a functional homolog may be readily determined by assessing the ability ofthe vâriant

polypeptide ùo produce a response similar to that ofthe wild-type protein. Polypeptides in

which more than one replacement has taken place may readily be tested in the same manner.

The term "pulified" refers to an object species that is the predominant species present

(i.e., on a molar basis it is more abundant than any other individual species in the

composition). A "purified fraction" is a composition wherein the object species is ât least

about 50 percent (on a molar basis) ofall species present. In making the dctermination ofthe

purity or a species in solution or dispersion, the solvent or matrix in \¡/hich the species is

dissolved or dispcrsed is usually not included in such detcrmination; instead, only thc specics

(including the onc of intercst) dissolvcd or dispcrscd arc takcn into account. Generally, a

purified composition will have one species that is more than about 80% ofa[[ species present

in thc composition, moro than âbout 8 5%, 90%,95%,99olo or more of all species present.

The object species may be purifred to essential homogeneity (contaminant species cânnot be

detected in the composition by conventional detection methods) wherein the composition is

cssentially a singlc spccics. A skillcd altisan may purify a polypcptidc ofthe invention using

stsndard tcohniqucs for protcin purification in light of thc teachings hcrein. Purìty of a

polypeplide may be determined by a number ofmethods known io those ofskill in thc att,

including for example, amino-lerminal amino acid sequence analysis, gel clectrophoresis,

mass-speotrometry analysis and the methods described herein.

II

number, the ability to control that copy number and the expression of any other protein
encoded by the vector, such as antibiotic markers, should be considered.       An expression
vector containing the polynucleotide of the invention can then be used as a pharmaceutical
agent to treat an animal infected with B. hyodysenterine or as a vaccine 5 (also a
pharmaceutical agent) to prevent an animal from being infected with B. hyodysenteriae, or to
reduce the symptoms and course of the disease if the animal does become infected. One
manner of using an expression vector as a pharmaceutical agent is to administer a nucleic
acid vaccine to the animal at risk of being infected or to the animal after being infected.
Nucleic acid vaccine technology is well-described in the art. Some 10descriptions can be
found in U.S. Patent 6,562,376 (Hooper et al.); U.S. Patent 5,589,466 (Feigner, et al); U.S.
Patent 6,673,776 (Feigner, et al); and U.S. Patent 6,710,035 (Feigner, et al). Nucleic acid
vaccines can be injected into muscle or intradermally, can be electroporated into the animal
(see WO 01/23537, King et al.; and WO 01/68889, Malone et al), via lipid compositions (see
U.S. Patent 5,703,055, Feigner, et al), or other mechanisms 15 known in the art field.
Expression vectors can also be transfected into bacteria which can be administered to the
target animal to induce an immune response to the protein encoded by the nucleotides of this
invention contained on the expression vector. The expression vector can contain eukaryotic
expression sequences such that the nucleotides of this invention are transcribed 20and
translated in the host animal. Alternatively, the expression vector can be transcribed in the
bacteria and then translated in the host animal. The bacteria used as a carrier of the
expression vector should be attenuated but still invasive. One can use Shigella spp.,
Salmonella spp., Escherichia spp., and Aeromonas spp., just to name a few, that have been
attenuated but still invasive. Examples of these methods can be found in U.S. Patent 25
5,824,538 (Branstrom et al); U.S. Patent 5,877,159 (Powell, et al.); U.S. Patent 6,150,170
(Powell, et al.); U.S. Patent 6,500,419 (Hone, et al.); and U.S. Patent 6,682,729 (Powell, et
al.). Alternatively, the polynucleotides of this invention can be placed in certain viruses which
act a vector. Viral vectors can either express the proteins of this invention on the 30 surface of
the virus, or early polynucleotides of this invention into an animal cell where the
polynucleotide is transcribed and translated into a protein. The animal infected with the viral
vectors can develop an immune response to the proteins encoded by the polynucleotides of
this invention. Thereby one can alleviate or prevent an infection by B. hyodysenteriae in the
animal which received the viral vectors. Examples of viral vectors can be found U.S. Patent
5,283,191 (Morgan ct al.); U.S. Patent 5,554,525 (Sondermeijer et al) and U.S. Patent
5,712,118 (Murphy).         The polynueleotide of the invention may be used to cause
expression and over-expression of a polypeptide of the invention in cells propagated in
culture, e.g. to produce 5proteins or polypeptidcs, including fusion proteins or polypeptides.
This invention pertains to a host cell transfected with a recombinant gene in order to express
a polypeptide of the invention. The host cell may be any prokaryotic or eukaryotic cell. For
example, a polypeptide of the invention may be expressed in bacterial cells, such as E. coil,
insect cells (baculovirus), yeast, plant, or mammalian cells, In those instances when 10 the
host cell is human, it may or may not be in a live subject. Other suitable host cells are known
to those skilled in the art. Additionally, the host cell may be supplemented with tRNA
molecules not typically found in the host so as to optimize expression of the polypeptide.
Alternatively, the nucleotide sequence may be altered to optimize expression in the host cell,
yet the protein produced would have high homology to the originally encoded protein. Other
15 methods suitable for maximizing expression of the polypeptide will be known to those in
the art.      The present invention further pertains to methods of producing the polypeptides of
the invention. For example, a host cell transfected with an expression vector encoding a
polypeptide of the invention may be cultured under appropriate conditions to allow 20
expression of the polypeptide to occur. The polypeptide may be secreted and isolated from a
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Thc lcrms "rccombinant ptoteiu" or "rccoml¡itrant polypcptide" rcfer to a polypcptidc

which is produced by recombinant DNA tcchniques. Att cxample ofsuoh tcchniqucs

includcs thc casc when DNA cncoding thc cxpresscd protcin is insortcd into e suitablc

expression vector which is in turn used to ûansform a host cell to produce the protein or

pol¡peptide cncoded by thc DNA.

The tcrm "regulatory sequence" is a generic term used throughout the specification to

refer to polynucleotide sequences, such as initiation signals, enhancers, regulators and

promoters, that are necessary or desirable to effect the exprassion of coding and non-coding

sequences to which they are operably linked. Exemplary regulatory sequences are described

in Goeddel; Gene Expressian T'echnology: Methods in Enzymology, Academic Press, San

Diego, CA (1990), and include, for examplc, the early and late promoters ofSV40,

adenovirus or cytomegalovirus immediale early promotcr, the lac system, the 1rp system, tho

TAC or TRC system, T7 promoter whose exptession is direoted by T7 RNA pol¡'rnerase, the

major oporator and promoter regions ofphage lambda, the control regions for fd coat protein,

the promoter for 3-phosphoglycerate kinase or other glycolytic enzymes, the promotelt of

acid phosphatase (e.g., Pho5), tho promoters ofthe yeast û.-mating fâctors, the polyhedron

promoter ofthe bâculovirus system and other sequences known to control the expression of

genes ofprokaryotic or eukaryotic cells or their viruses, and various combinations thereof.

The nature and use ofsuch conhol sequences may differ depending upon the host organism.

In prokaryotes, such regulatory sequenoes generally include promoter, ribosomal binding site,

and transcription termination sequences. Thc tcrm "rcgulatory sequence" is intended to

include, at a minimum, components whose presence may influence expression, and may also

include additional components whose presence is advantageous, for example, leader

sequences and fusion partncr sequenccs. In certain embodimcnts, transcription of a

polynuclcotidc scquence is undcr the contrcl ofa promoter sequcnce (or other regulatoly

sequence) which controls the erpression ofthe polynucleotide in a cell-type in which

expression is intended. lt will also be understood that the polynuoleotide can be utlder the

control of regulatory sequences which are the same or different from those sequences which

control expression of the naturally-occurring form of the pol¡mucleotide.

The tcrm "scqucncc homology" rcfers to the proportion ofbase matchcs bctwcsn fwo

nuclcic acid sequences or thc proportion of amino acid matchcs betwcen two amino acid

sequences, When sequence homology is expressed as a percentagc, e.3,, 50%, the percentage

denotes the proportion of matches over the leLgth ofsequence from a desired scquetce that is

compared to some other sequencc. Gaps (in either ofthe two sequences) are Permitted to

12

25host cells, or both using techniques known in the art for purifying proteins, including ion-
exchange chromatography, gel filtration chromatography, ultrafiltration, electrophoresis, and
immunoaffinity purification with antibodies specific for particular epitopes of a polypeptide of
the invention. Thus, a nucleotide sequence encoding all or a selected portion of polypeptide of
the 30 invention, may be used to produce a recombinant form of the protein via microbial or
cukaryotic cellular processes. Ligating the sequence into a polynucleotide construct, such as
an expression vector, and transforming or transfecting into hosts, either eukaryotic (yeast,
avian, insect or mammalian) or prokaryotic (bacterial cells), are standard procedures. Similar
procedures, or modifications thereof, may be employed to prepare recombinant polypept des
of the invention by microbial means or tissue-culture technology.       Suitable vectors for the
expression of a polypeptide of the invention include plasmids of the types: pTreHis-derived
plasmids, pET-derived plasmids, 0P-322-derived plasmids, 5 pEMBL-derived plasmids,
pEX-derived plasmids, pBTac-derived plasmids and pUC-derived plasmids for expression in
prokaryotic cells, such as E. coil. The various methods employed in the preparation of the
plastnids and transformation of host organisms are well known in the art. For other suitable
expression systems for both prokaryotic and eukaryotic cells, as well as general recombinant
procedures, see Molecular Cloning, A Laboratory Manual, 2nd Ed., 10 ed. by Sambrook,
Fritsch and Maniatis (Cold Spring Harbor Laboratory Press, 1989) Chapters 16 and 17.
Coding sequences for a polypeptide of interest may be incorporated as a part of a fusion gene
including a nucleotide sequence encoding a different polypeptide. The present invention
contemplates an isolated polynucleotide containing a nucleic acid of the invention 15 and at
least one heterologous sequence encoding a heterologous peptide linked in frame to the
nucleotide sequence of the nucleic acid of the invention so as to encode a fusion protein
containing the heterologous polypeptide. The heterologous polypeptide may be fused to (a)
the C-terminus of the polypeptide of the invention, (b) the N-terminus of the polypeptide of the
invention, or (c) the C-terminus and the N-terminus of the polypeptide of the invention. 20 In
certain instances, the heterologous sequence encodes a polypeptide permitting the detection,
isolation, solubilization and/or stabilization of the polypeptide to which it is fused. In still other
embodiments, the heterologous sequence encodes a polypeptide such as a poly His tag, myc,
HA, GST, protein A, protein 0, calmodulin-binding peptide, thioredoxin, maltose-binding
protein, poly argininc, poly His-Asp, FLAG, a portion of an 25 immunoglobulin protein, and a
transcytosis peptide. Fusion expression systems can be useful when it is desirable to produce
an immunogenic fragment of a polypeptide of the invention. For example, the VP6 capsid
protein of rotavirus may be used as an immunologic carrier protein for portions of polypeptide,
either in the monomeric form or in the form of a viral particle. The nucleic acid 30 sequences
corresponding to the portion of a polypeptide of the invention to which antibodies arc to be
raised may be incorporated into a fusion gene construct which includes coding sequences for
a late vaccinia virus stmctural protein to produce a set of recombinant viruses expressing
fusion proteins comprising a portion of the protein as part of the virion. The Hepatitis B surface
antigen may also be utilized in this role as well. Similarly, chimeric  constructs coding for
fusion proteins containing a portion of a polypeptide of the invention and the poliovirus capsid
protein may be created to enhance immunogenicity (see, for example, EP Publication NO:
0259149; and Evans et al., (1989) Nature 339:385; Huang et al., (1988) J. Viral. 62:3855; and
Schlienger et al., (1992) J. Virol, 66:2). 
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maximizc matching; gap lengths of l5 bascs or lcss arc usually uscd, 6 l¡ascs or lcss arc uscd

morc frequently, with 2 bâscs or lqss uscd evcn morc frcqucDtly. Thc term "sequcncc

idcntity" mcans that scquenccs arc idcntical (r'.e., on a nucleotidc-by-nuclcotidc basis for

nucleic acids or amino acid-by-amino aoid basis for polypeptides) over a window of

comparison. The term "percentage of sequence idenlity" is calculated by comparing two

optimally aligned sequenccs over the comparison window, dctormining the number of

Dositions at which the identical amino acids or nucleotides occurs in both sequgnces to yield

the number of matched positions, dividing the number of matohed positiorts by the total

number ofpositions in the comparison window, and rnultiplying the result by 100 to yield the

percentage ofsequence identity. Methods to calculate sequence identity are known to those

ofskill in the art and described in further detail bclow.

The term "soluble" as used herein with reference to a polypeplide ofthe invention or

other protein, means that upon expression in cell culture, at least some portion ofthe

polypeptide or protein expressed remains in thc cytoptasmic fiaction ofthe cell and does not

fractionate with the cellular debris upon lysis and centrifugation ofthe lysate, Solubility ofa

polypeptide may be increased by a variety ofart recognized methods, including fusion to a

heterologous amino acid sequence, deletion of amino acid residuas, amino acid substitution

(ø.g., enriching the sequence with amino acid residues having hydrophilic side chains), and

chemical modification (e.g., addition of hydrophilic groups).

The solubility ofpolypeptides mày bc measured using a variety of art recognized

techniques, including, dynamic light scâttering to determine aggregation stâte, UV

absorption, cenhifugation to separete aggregated from non-aggregated mâtetial, and SDS gel

electrophoresis (e,g., the amount ofprotein in the soluble fraction is compared to the amount

ofprotcin in the soluble and insoluble fractions combincd). Whcn cxprcsscd in a host cel[,

the polypeptides of the invention may bc at lcast about lYo,2o/o, 5%o, l0%,20%,30Vo, 40o/o,

50o/u,60Vu,70o/o,80%, 90% or more soluble, e.g., at least ãbõttt lVo,z%o,5o/',10y,,20%,

30o/o,40yo, 50o/o,60Vo,70Yo,80%, 900/o or more ofthe total amount ofprotein expressed in

the cell is found jn the cytoplåsmic fraction. In certain embodiments, a one liter culture of

cells expressing a polypeptide ofthe invcntion will ptoduce ât least about 0 .1,0.2,0.5, I,2,

5, 10, 20, 30,40, 50 milligrams ofmore ofsolubte protcin. In an cxemplary embodimcnt, a

polypeptide ofthc invention is at lcast about l0% solul¡le andwill producc at lcast about I

milligram ofprotein from a one lite¡ cell culture.

The term "specifrcally hybridizes" refers to detectable and speoific lucleio acid

binding. Polynucleotides, oligonucleotides and nucleic acids ofthe invention selectively

5Fusion proteins may facilitate the expression and/or purification of proteins. For example, a
polypeptide of the invention may be generated as a glutathione-S-transferase (GST) fusion
protein. Such GST fusion proteins may be used to simplify purification of a polypeptide of the
invention, such as through the use of glutathione-derivatized matrices (see, for example,
Current Protocols in Molecular Biology, eds. Ausubel et al., (N.Y.: John Wiley 10 & Sons,
1991)). In another embodiment, a fusion gene coding for a purification leader sequence, such
as a poly-(His)/enterokinase cleavage site sequence at the N-terminus of the desired portion
of the recombinant protein, may allow purification of the expressed fusion protein by affinity
chromatography using a Ni2I metal resin, The purification leader sequence may then be
subsequently removed by treatment with enterokinase to provide the 15purified protein (e.g.,
see Hochuli et al., (1987).1. Chromatography 411: 177; and Janknecht et al., PNAS USA
88:8972).       Techniques for making fusion genes are well known. Essentially, the joining of
various DNA fragments coding for different polypeptide sequences is performed in
accordance with conventional techniques, employing blunt-ended or stagger-ended termini
20for ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of
cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining,
and enzymatic ligation. In another embodiment, the fusion gene may be synthesized by
conventional techniques including automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments may be carried out using anchor primers which give rise to 25
complementary overhangs between two consecutive gene fragments which may subsequently
be annealed to generate a chimeric gene sequence (see, for example, Current Protocols in
Molecular Biology, eds. Ausubel et aI., John Wiley & Sons: 1992). In other embodiments, the
invention provides for nucleic acids of the invention immobilized onto a solid surface,
including, plates, microtiter plates, slides, beads, particles, 30 spheres, films, strands,
precipitates, gels, sheets, tubing, containers, capillaries, pads, slices, etc. The nucleic acids of
the invention may be immobilized onto a chip as part of an array. The array may contain one
or more polynucicotides of the invention as described herein. In one embodiment, the chip
contains one or more polynucleotides of the invention as part of an  array of polynucleotide
sequences from the same pathogenic species as such polynucicotidc(s). In a preferred form
of the invention there is provided isolated 13. hyodysenteriae polypeptides as herein
described, and also the polynucleotide sequences encoding these 5 polypeptides. More
desirably the 13. hyodysetzteriae polypeptides are provided in substantially purified form.
Preferred polypeptides of the invention will have one or more biological properties (e.g., in
vivo, in vitro or immunological properties) of the native full-length polypeptide. Non-functional
polypeptides are also included within the scope of the invention because they 10 may be
useful, for example, as antagonists of the functional polypeptides. The biological properties of
analogues, fragments, or derivatives relative to wild type may be determined, for example, by
means of biological assays. Polypeptides, including analogues, fragments and derivatives,
can be prepared synthetically (e.g., using the well known techniques of solid phase or solution
phase peptide 15synthesis). Preferably, solid phase synthetic techniques are employed.
Alternatively, the 
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hybridizc to nuclcic âcid strands urdcr hybridization and wâsh conditions that rninimizc

apprcciablc amounts of detectablc binding 1o nonspecific nuclcic aoids. Strirgcnt conditions

may be uscd to achicvc sclcctivc hybridization conditions as known in the art and discussed

herein. Generally, the nucleic acid sequence identity between the polynucleotides,

oligonucleotides, and nucleic acids ofthe invention and a nucleic acid sequenoe ofinterest

will be at least 30% ,40%, 50%,60%,70%,80%, fl5%,90%,95%,98%,99olo, or more (and

overy integer bet'ween 30 and 100). In ccrlain instances, hybridization and washing

conditions are performed under stringent conditions according to conventional hybridization

procedures and as desoribed further herein.

The terms "stringent conditions" or "stringent hybridization conditions" refer to

conditions whioh promote specific hybridization between two complementary polynucleotide

shânds so as to form a duplex. Stringent conditions may be selected to be about 5"C lower

than the thermal rnelting point (Tm) for a given polynuoleotide duplex at a deñned ionic

strength and pH. The length of the complementary polynucleotide strands and their GC

content will determine the Tm ofthe duplex, and thus the hybridization conditions necessary

for obtâining a desired specihcity ofhybridization. The Tm is the temperature (under defined

ionic strength and pH) at which 50% of a polynucleotide sequence hybridizes to a perfectly

matched complementâry strend. In ceúain cases it may be desirable lo increase the stringency

ofthe hybridization conditions to be about equal to the Tm for a particular duplex.

A variety of techniques for estimating the Tm are available. Typically, G-C base

pairs in a duplex are estimated to contribute about 3oC to the Tm, while A-T base pairs are

estimàted to contribute about 2'C, up to â theoretical meximum of about 80-100'C.

However, more sophisticated models ofTm are available in which G-C stacking

intcractions, solvcnt effects, the desired assay temperature and thc like arc takcn into account.

For example, probes can be designed to havc a dissociation tempcraturc (Td) of

approximately 60"C, using the formula: Td = (((3 x #GC) + (2 x #AT)) x 37) - 562)/#bp) - 5;

where #GC, #AT, and #bp are the number ofguanine-c¡tosine base pairs, the number of

adenine-thymine base pairs, and the number oftotal base pairs, respectively' involved in the

formation of the duplex.

Hybridization may bc canicd out in 5x SSC, 4x SSC, 3x SSC, 2x SSC, lx SSC or

0.2x SSC for at least about I hour, 2 hours, 5 hours, 12 hours, or 24 hours. Thc tomPcrature

of the hybridization may be increased to adjust the stringency ofthe reaotion, for example,

from about 25'C (room tempcrature), to about 45oC, 50"C, 55'C, 60"C, or 65'C. The

hybridization reaction may also include another âgent sffecting the shingency, for example,

polypeptides of the invention can be prepared using well known genetic engineering
techniques, as described infra. In yet another embodiment, the polypeptides can be purified
(e.g., by immunoaffinity purification) from a biological fluid, such as but not limited to plasma,
faeces, serum, or urine from animals, including, but not limited to, pig, chicken, 20goose,
duck, turkey, parakeet, human, monkey, dog, cat, horse, hamster, gerbil, rabbit, ferret, horse,
cattle, and sheep. An animal can be any mammal or bird.      The 13. hyodysenteriae
polypeptide analogues include those polypeptides having the amino acid sequence, wherein
one or more of the amino acids are substituted with another amino acid which substitutions do
not substantially alter the biological activity of the 25 molecule.      According to the invention,
the polypeptides of the invention produced recombinantly or by chemical synthesis and
fragments or other derivatives or analogues thereof, including fusion proteins, may be used as
an inununogen to generate antibodies that recognize the polypeptides. 30A molecule is
"antigenic" when it is capable of specifically interacting with an antigen recognition molecule of
the immune system, such as an immunoglobulin (antibody) or T cell antigen receptor. An
antigenic amino acid sequence contains at least about 5, and preferably at least about 10,
amino acids. An antigenic portion of a molecule can be the portion that is immunodominant for
antibody or T cell receptor recognition, or it can be a portion used to  generate an antibody to
the molecule by conjugating the antigenic portion to a carrier molecule for immunization. A
molecule that is antigenic need not be itself immunogenic, i.e., capable of eliciting an immune
response without a carrier. An "antibody" is any immunoglobulin, including antibodies and
fragments thereof, 5 that binds a specific epitope. The term encompasses polyclonal,
monoclonal, and chimeric antibodies, the last mentioned described in further detail in U.S.
Patent Nos. 4,816,397 and 4,816,567, as well as antigen binding portions of antibodies,
including Fab, F(a121)2 and F(v) (including single chain antibodies). Accordingly, the phrase
"antibody molecule" in its various grammatical forms as used herein contemplates both an
intact immunoglobulin 10 molecule and an immunologically active portion of an
immunoglobulin molecule containing the antibody combining site. An "antibody combining
site" is that structural portion of an antibody molecule comprised of heavy and light chain
variable and hypervariable regions that specifically binds an antigen. Exemplary antibody
molecules are intact immunoglobulin molecules, substantially 15 intact immunoglobulin
molecules and those portions of an immunoglobulin molecule that contain the paratope,
including those portions known in the art as Fab, Fab', F(ab')2 and F(v), which portions are
preferred for use in the therapeutic methods described herein.       Fab and P(a1;02 portions
of antibody molecules are prepared by the proteolytic reaction of papain and pepsin,
respectively, on substantially intact antibody molecules by 20 methods that are well-known.
Sec for example, U.S. Patent No. 4,342,566 to Theofilopolous et al. Fab' antibody molecule
portions are also well-known and are produced from F(a1252 portions followed by reduction
with mercaptoethanol of the disulfide bonds linking the two heavy chain portions, and followed
by alkylation of the resulting protein mercaptan with a reagent such as iodoacetamide. An
antibody containing intact antibody molecules is 25 preferred herein.      The phrase
"monoclonal antibody" in its various grammatical forms refers to an antibody having only one
species of antibody combining site capable of immunoreacting with a particular antigen. A
monoclonal antibody thus typically displays a single binding affinity for any antigen with which
it immunoreacts. A monoclonal antibody may therefore contain 30 an antibody molecule
having a plurality of antibody combining sites, each immunospecific for a different antigen;
e.g., a bispecific (chimeric) monoclonal antibody.      The term "adjuvant" refers to a
compound or mixture that enhances the immune response to an antigen. An adjuvant can
serve as a tissue depot that slowly releases the antigen and also as a lymphoid system
activator that non-specifically enhances the immune  



hybridization conductcd in thc prcscnco of50% formamidc incrcascs thc stringcncy of

hybridization at a dcfincd tcmpcraturo.

The hybridization rcaction may bc followcd by a single wash step, or two or morc

wash steps, which may be at the same or a diffelent salinity aud temperature. For example,

5 the tcmperature ofthe wash maybe increased to adjust the shingency from about 25"C (room

temperaturÐ, to about 45'C, 50'C, 55'C, 60'C, ó5oC, or higher. The wash step may bc

conducted in the presence ofa detergent, ¿.g.,0.1 or0.2%SDS, For examplc, hybridization

may be followed by t\ /o wash steps at 65'C each for about 20 minutes in 2x SSC, 0.1% SDS,

and optionally two addiúional wash steps at 65oC each for about 20 minutes in 0.2x SSC,

10 0.l%sDS.

Exemplary slringent hybridization conditions include ovemight hybridization at 65oC

in a solution containing 50% formamide, l0x Denhardt (0.2% Fìcoll' 0,2%

polyvinylpynolidone, 0.20lo bovine serum albumin) and 200 ¡rg/ml ofdenatured carrier DNA,

e.g., sheared salmon sperm DNA, followed by two wash steps at 65"C each fic¡ about

15 20 minutes in 2x SSC, 0.1% SDS, and two wåsh steps at 65oC each for about 20 minutes in

0.2x SSC, 0.1% SDS.

Hybridization may consist of hybridizing two nucleic acids in solution, or a nucleic

acid in solution to a nucleic acid attached to a solid support, e.g., a filtcr. When one nucleic

acid is on a solid support, a prehybridization step may be conducted pfior to hybridization.

20 Prehybridization may be carried out for at least about I hour, 3 hours or 10 hours in the same

solution and at the same temperâture âs the hybridization solution (without the

complementâry polynucleotide strand).

Appropriate stringency conditions are known to those skilled in the art or may be

detcrmincd expcrimentally by the skillcd artisan. Sce, for cxample, Cunent Protocols in

25 Molccular Biology, John Wilcy & Sons, N.Y. (1989), 6.3.1-12.3.6; Sambrook et el', 1989,

Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Press, N.Y.; S. Agrawal (ed.)

Methods in Molecular Biology, volume 20; Tijssen (1993) Laboratory Techniques in

Biochemistry and Molecular Biology - Hybridization With Nucleic Acid Probes, ¿.8., pârt I

chapter 2 "Overview ofprinoiples ofhybridization and the strategy ofnucleic acid probe

30 assays", Elscvier, Ncw York; and Tibanyenda, N. et al., Eur. J, Biochem. 139: l9 (1984) and

Ebel, S. ct al., Biochem. 3l:120t13 (1992).

The term "vector" refers to a nucleic acid capable oftransporting another nucleic acid

to which it has been linked. One typc of vector which may be used in accord with the

invention is an episome, i.e., a nucleic acid capable ofextra-chromosomal replication. Other

15

response [Hood et al., in Immunology, p. 384, Second Ed., Benjamin/Cummings, Menlo Park,
California (1984)]. Often, a primary challenge with an antigen alone, in the absence of an
adjuvant, will fail to elicit a humoral or cellular immune response. Adjuvants include, but are
not limited to, complete Freund's adjuvant, incomplete Freund's adjuvant, saponin, 5 mineral
gels such as aluminium hydroxide, surface active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil or hydrocarbon emulsions, keyhole limpet hemocyanins,
dinitrophenol, and potentially useful human adjuvants such as BCG (bacille Calmette-Guerin)
and Corynebacterium parvum. Preferably, the adjuvant is pharmaceutically acceptable.
10Various procedures known in the art may be used for the production of polyclonal
antibodies to the polypeptides of the invention. For the production of antibody, various host
animals can be immunised by injection with the polypeptide of the invention, including but not
limited to rabbits, mice, rats, sheep, goats, etc. In one embodiment, a polypeptide of the
invention can be conjugated to an immunogenic carrier, e.g., bovine serum albumin (BSA) or
15 keyhole limpet hemocyanin (KLH). Various adjuvants may be used to increase the
immunological response, depending on the host species, including but not limited to Freund's
(complete and incomplete), mineral gels such as aluminum hydroxide, surface active
substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, keyhole
limpet hemocyanins, dinitrophenol, and potentially useful human adjuvants such as 20 BCG
(bacille Calmette-Guerin) and Corynebacteriutn parvum.       For preparation of monoclonal
antibodies directed toward a polypeptide of the invention, any technique that provides for the
production of antibody molecules by continuous cell lines in culture may be used. These
include but are not limited to the hybridoma technique originally developed by Kohler et al.,
(1975) Nature, 256:495-497, the 25 trioma technique, the human B-cell hybridoma technique
[Kozbor etal., (1983) Immunology Today, 4.72], and the EBV-hybridoma technique to produce
human monoclonal antibodies [Cole etal., (1985) in Monoclonal Antibodies and Cancer
Therapy, pp. 77-96, Alan R. Liss, Inc]. Immortal, antibody-producing cell lines can be created
by techniques other than fusion, such as direct transformation of B lymphocytes with
oncogenic DNA, or transfection with 30Epstein-Barr virus. See, e.g., U.S. Patent Nos.
4,341,761; 4,399,121; 4,427,783; 4,444,887; 4,451,570; 4,466,917; 4,472,500; 4,491,632;
and 4,493,890.      In an additional embodiment of the invention, monoclonal antibodies can
be produced in germ-free animals utilising recent technology. According to the invention,
chicken or swine antibodies may be used and can be obtained by using chicken or swine
hybridomas or  by transforming B cells with EBV virus in vitro. In fact, according to the
invention, techniques developed for the production of "chimeric antibodies" [Morrison et at,
(1984) Bacterial., 159-870; Neuberger etal., (1984) Nature, 312:604-608; Takeda etal., (1985)
Nature, 314:452-454] by splicing the genes from a mouse antibody molecule specific for a 5
polypeptide of the invention together with genes from an antibody molecule of appropriate
biological activity can be used; such antibodies are within the scope of this invention. Such
chimeric antibodies are preferred for use in therapy of intestinal diseases or disorders
(described infra), since the antibodies are much less likely than xenogenic antibodies to
induce an immune response, in particular an allergic response, themselves. 10According to
the invention, techniques described for the production of single chain antibodies (U.S. Patent
4,946,778) can be adapted to produce single chain antibodies specific for an polypeptide of
the invention. An additional embodiment of the invention utilises the techniques described for
the construction of Fab expression libraries [Huse et at, (1989) Science, 246:1275-1281] to
allow rapid and easy identification of monoclonal Fab fragments 15with the desired specificity
for a polypeptide of the invention.       Antibody fragments, which contain the idiotype of the
antibody molecule, can be generated by known techniques. For example, such fragments
include but are not limited to: the F(ab1)2 fragment which can be produced by pepsin
digestion of the antibody molecule; the Fab' fragments which can be generated by reducing
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veçtors include thosc capablc of autonomous rcplication and exprcssion ofnuclcic acids to

which thcy are linked. Vectols capablc ofdirecting thc cxptcssiou ofgencs to which thcy arc

opcratively linftcd arc rcfcrrcd to hcrein as "cxprcssion vcctors". In gcucral, cxprcssion

vectors ofutility in recombinant DNA techniques are often in fhe f:orm of "plasmids" which

refer to circular double st¡andcd DNA molccules which, in their vector form âre not bound to

the chromosome. In thc present specification, "plasmid" and "vector" are used

interchangcably as the plasmid is the most commonly used form ofvector. I{owever, the

invention is intended to ìnclude such other forms of expression vectors which serve

equivalent functions and whioh become known in the ¿rt subsequently hereto.

The nucleic acids ofthe invention may be used as diagnostic reâgents to detect the

presence or absence ofthe târgel DNA or RNA sequences to which they specilically bind,

such as for determining the level ofexpression ofa nucleic acid ofthe invention. Inone

aspect, the prescnt invention contemplates a method for detecting the presence ofa nucleic

âcid oftho invention or å poúion thereofin a sample, the method ofthe steps of: (â)

providing an oligonucleotide at least eight nucleotides in length, the oligonucleotide being

complementary to a portion ofa nucleic acid ofthe invention; (b) contâcting the

oligonucleotidc with a sample containing at least one nucleic acid under conditions that

permit hybrìdization ofthe oligonucleotide with a nucleic acid ofthe invention or a pofion

thereof; and (c) detecting hybridization ofthe oligonucleotide to a nucleic acid in the samplc,

thereby detecting the presence ofa nucleio acid oflhe invention or a portion thercofin the

sample. In another aspect, the present invcntion contemplates a method for detecting the

presence of a nucleic acid ofthe invention or a portion thereofin a sample, by (a) providing a

pair ofsingle stranded oligonucleotidcs, each of which is at least eight nucleotides ín length,

complomentary to sequences ofa nucleic acid ofthe invention, and whcrcin thc scqucnccs to

which the oligonuclcotidcs are cornplemcntary are at lcast tcn nucleotidos apart; and (b)

confûcting the oligonucleotides with a sample containing at least one nucleic acid under

hybridization conditions; (c) amplifying the nucleotide sequence between the trvo

oligonucleotide primers; and (d) detecting the presence ofthe amplified sequence, thereby

detecting the presence ofa nucleic acid of the invention or a potion thereof in the sample.

In anothcr aspect ofthc invcntion, thc potynuclcotidc ofthe invcntíon is providcd in

an expressíon vecfor containing a nuoleotidc sequence encoding a polypcptide of tlte

invention and operably linked to at least one Íegulatory sequence. It should be understood

that the design ofthe cxprcssion vector may depend on such factors as the choice of the host

cell to be transformed and/or the type ofprotein desired to be expressed. The vector's copy

In the production of antibodies, screening for the desired antibody can be accomplished by
techniques known in the art, e.g., radioimmunoassay, ELISA, "sandwich" immunoassays,
inununoradiometric assays, gel diffusion precipitin reactions, 25 immunodiffusion assays, in
situ immunoassays (using colloidal gold, enzyme or radioisotope labels, for example),
Western blots, precipitation reactions, agglutination assays (e.g., gel agglutination assays,
hemagglutination assays), complement fixation assays, immunofluorescence assays, protein
A assays, immunoelectrophoresis assays, etc. In one embodiment, antibody binding is
detected by detecting a label on the primary antibody. In 30 another embodiment, the primary
antibody is detected by detecting binding of a secondary antibody or reagent to the primary
antibody. In a further embodiment, the secondary antibody is labelled. Many means are
known in the art for detecting binding in an immunoassay and are within the scope of the
present invention. For example, to select antibodies that recognise a specific epitope of a
polypeptide of the invention, one may assay  generated hybridomas for a product that binds to
a fragment of a polypeptide of the invention containing such cpitopc. The invention also
covers diagnostic and prognostic methods to detect the presence of B. hyodysenteriae using
a polypeptide of the invention and/or antibodies which bind to the 5polypeptide of the
invention and kits useful for diagnosis and prognosis of B. hyodysenteriae infections.
Diagnostic and prognostic methods will generally be conducted using a biological sample
obtained from an animal, such as chicken or swine. A "sample" refers to an animal's tissue or
fluid suspected of containing a Brachyspira species, such as B. hyodysenteriae, or its 10
polynucleotides or its polypeptides. Examples of such tissue or fluids include, but not limited
to, plasma, serum, faecal material, urine, lung, heart, skeletal muscle, stomach, intestines,
and in vitro cell culture constituents.       The invention provides methods for detecting the
presence of a polypeptide of the invention in a sample, with the following steps: (a) contacting
a sample suspected of 15 containing a polypeptide of the invention with an antibody
(preferably bound to a solid support) that specifically binds to the polypeptide of the invention
under conditions which allow for the formation of reaction complexes comprising the antibody
and the polypeptide of the invention; and (b) detecting the formation of reaction complexes
comprising the antibody and polypeptide of the invention in the sample, wherein detection of
the formation of reaction 20 complexes indicates the presence of the polypeptide of the
invention in the sample.      Preferably, the antibody used in this method is derived from an
affinity-purified polyclonal antibody, and more preferably a monoclonal antibody. In addition, it
is preferable for the antibody molecules used herein be in the form of Fab, Fab', F(ab)2 or F(v)
portions or whole antibody molecules. 25Particularly preferred methods for detecting B.
hyodysenteriae based on the above method include enzyme linked immunosorbent assays,
radioimmunoassays, immunoradiometric assays and inununoenzymatic assays, including
sandwich assays using monoclonal and/or polyclonal antibodies. Three such procedures that
are especially useful utilise either polypeptide of the 30invention (or a fragment thereof)
labelled with a detectable label, antibody Abi labelled with a detectable label, or antibody Ab2
labelled with a detectable label. The procedures may be summarized by the following
equations wherein the asterisk indicates that the particle is labelled and "AA" stands for the
polypeptide of the invention: A. AA* + Abi = AA*Abi  B. AA + Ab*, = AA Abl* 
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lìumbcr, thc ability to control thât copy numbcr ând thc cxplcssion ofany othcr protcin

enooded by the vcctor', suoh as antibiotic markcrs, should be conside¡cd

An expression vcctor containing thc polynuclcotidc of thc invcntiou can thcn bc uscd

as a pharmaceutical agent to treat an animal infected with B. hyodysenteriae or as a vaccine

(also a pharmaceutical agent) to provent an animal íìom being infected with ll.

hyodysenteriae, or to reduce the symptoms and course of the disease if the ânimal does

become infected. One manner ofusing an expression vector as a pharmaceutícâl agent isto

administer a nucleic acid vaccine to the animal at lisk ofbeing infeoted or to the animal after

being infected. Nucleic aoid vaccine technology is well-described in the art. Some

descriptions can be found in U.S. Patent 6,562,376 (Hooper et al.); U.S. Patent 5,589,466

(Felgner, et al.); U.S. Patent 6,673,776 (Felgner, ct al.); and U.S. Patent 6,710,035 (Felgner,

et al.). Nucleic acid vaccines can be injected into muscle or intradermally, can be

electroporated into the animal (see WO 0l/23537, Kiûg et al.; and WO 0l/68889, Malone et

al.), via lipid compositions (see U.S. Patent 5,?03,055, Felgner, et al), or othor mechanisms

known in the arl field.

Expression vectors can also be t¡ansfccted into becteria which can bc administered to

the target animal to induce an immune response to the protein encoded by the nucleotides of

this invention contained on the expression vector. The expression vector can contain

eukaryotic expression sequences such that the nucleotides ofthis invention are franscribed

and translated in the host animal. Altematively, the expression vector can be transcribed in

the bacteria and then translated in thc host animal. The bacteria used as a carrier ofthe

expression vector should be attenuated but still invasive. One can use SlriS ella spp,,

Salmonella spp,, Escherichia spp., and Aeromonas spp.,just to name a few, that have been

attenuâted but still invasive. Examples ofthese methods can be found in U.S. Patent

5,824,538 (Branstrom et al); U.S. Patcnt 5,877,159 (Powell, ci al.); U.S. Pâtont 6,l50,1?0

(Powell, et al.); U.S. Patent 6,500,419 (Hone, et al.); and U.S. Patent 6,682,729 (Powell, et

â1.).

Altemâtively, the polynucleotides ofthis invention can be placed in certain viruses

which act a vector. Viral vectors can cither express the proteins ofthis invention on the

surfacc ofthc virus, or carry polynucleotidcs ofthis invcntion into an animal cell whete the

polynucleotide is transcribcd and translatcd into a protein, The animal infected with the viral

veotors oan develop an immune response to the proteins encoded by the polynucleotides of

this invention. Thereby one can alleviate or prevent an infection by B. hyodysenteriae in the

animal which received the viral vectors, Examples ofviral vectors canbefoundU.S. Patent

C. AA + Abi + Ab2* Al), AA Ah2*       The procedures and their application are all familiar to
those skilled in the art and accordingly may be utilised within the scope of the present
invention. The "competitive" 5procedure, Procedure A, is described in U.S. Patent Nos.
3,654,090 and 3,850,752. Procedure B is representative of well-known competitive assay
techniques. Procedure C, the "sandwich" procedure, is described in U.S. Patent Nos. RE
31,006 and 4,016,043. Still other procedures are known, such as the "double antibody" or
"DASP" procedure, and can be used. In each instance, the polypeptide of the invention form
complexes with one or more 10 antibody(ies) or binding partners and one member of the
complex is labelled with a detectable label. The fact that a complex has formed and, if
desired, the amount thereof, can be determined by known methods applicable to the detection
of labels.       It will be seen from the above, that a characteristic property of Ab2 is that it will
react with Abi. This reaction is because Abi, raised in one mammalian species, has been used
in 15 another species as an antigen to raise the antibody, Ab2. For example, Ab2 may be
raised in goats using rabbit antibodies as antigens. Ab2 therefore would be anti-rabbit
antibody raised in goats. For purposes of this description and claims, Abi will be referred to as
a primary antibody, and Ab2 will be referred to as a secondary or anti-Abi antibody. The labels
most commonly employed for these studies are radioactive elements, 20 enzymes, chemicals
that fluoresce when exposed to ultraviolet light, and others. Examples of fluorescent materials
capable of being utilised as labels include fluorescein, rhodamine and auramine. A particular
detecting material is anti-rabbit antibody prepared in goats and conjugated with fluorescein
through an isothiocyanate. Examples of preferred isotope include 3H, mc, "r, "s, "a, sicr, 57co,
"co, "Fe, 9Y,125-, 1. 1311, and 186Re. The radioactive 25 label can be detected by any of the
currently available counting procedures. While many enzymes can be used, examples of
preferred enzymes are peroxidase,13-glueuronidase, B-D-glucosidase, B-D-galactosidase,
urease, glucose oxidase plus peroxidase and alkaline phosphatase. Enzyme are conjugated
to the selected particle by reaction with bridging molecules such as carbodiimides,
diisocyanates, glutaraldehyde and the like. Enzyme labels 30 can be detected by any of the
presently utilized colorimetric, spectrophotometric, fluorospectrophotometric, amperometric or
gasometric techniques. U.S. Patent Nos. 3,654,090; 3,850,752; and 4,016,043 are referred to
by way of example for their disclosure of alternate labelling material and methods.        The
invention also provides a method of detecting antibodies to a polypcptide of the invention in
biological samples, using the following steps: (a) providing a polypeptide of the invention or a
fragment thereof; (b) incubating a biological sample with said polypeptide of the invention
under conditions which allow for the formation of an antibody-antigen 5 complex; and (c)
determining whether an antibody-antigen complex with the polypeptide of the invention is
formed. In another embodiment of the invention there are provided in vitro methods for
evaluating the level of antibodies to a polypeptide of the invention in a biological sample using
the following steps: (a) detecting the formation of reaction complexes in a biological 10
sample according to the method noted above; and (b) evaluating the amount of reaction
complexes formed, which amount of reaction complexes corresponds to the level of
polypeptide of the invention in the biological sample.       Further there are provided in vitro
methods for monitoring therapeutic treatment of a disease associated with B. hyodysenteriae
in an animal host by evaluating, as describe above, 15 the levels of antibodies to a
polypeptide of the invention in a series of biological samples obtained at different time points
from an animal host undergoing such therapeutic treatment. 



10

15

20

25

30

5,283,191 (Morgan ci al.); U,S. Patcnf 5,554,525 (Sondcrmcijcr et al) and U.S Patcnt

5,11.2,118 (Murphy).

Thc potynucleotidc ofthc invcntion may bc used to causc cxprcssion and over-

expression of a polypeptide ofihe invention in cells propagated in culture, e.6. to produce

proteins or polypeptides, including fusion proteins or polypeptidcs.

This invention pertâin$ to a host cell tr¿nsfected with a recombinant gene in order to

express a polypeptide of the invention. The host cell may be any prokaryotic or eukaryotic

cell. For example, a polypeptide of the invention may be expressed in bactelial cells, such as

E cali, insect cells (baculovirus), yeast, plant, or mammalian cells. In those instances when

the host cell is human, it may or may not be in a live subject. Other suitable host cells are

known to those skilted in the art. Additionally, the host cell may be supplomented with IRNA

molecules not typically found in thc host so es to optimize expression ofthe polypeptide.

Altematively, thc nucleotide sequence may be altered to optimize expression in the host cell,

yet the protein produced would have high homology to the originally cncoded protein. Other

methods suitable for maximizing expression ofthe polypeptide will be known to tlìose in tlle

trt.

The present invention further pertains to methods ofproducing the polypeptides ofthe

invention. For example, a host cell lransfected with an expression vector encoding a

polypeptide ofthe invention may be cultured under appropriate conditions to allow

expression of the polypeptide to occur. The polyleptide may be seoreted and isolated from a

mixture ofcells and medium containing the polypeptide. Alternativcly, the polypeptide may

be retained c¡oplasmically and fhe cells harvested, lysed and the protein isolated.

A cell culture includes host cells, media and other byproducts. Suitable media for cell

culture arc well known ín the art. Thc pol¡pcptidc may bc isolated frorn ccll culture medium,

host celts, or both using tcohniqucs known in the art for purifring protcins, including ion-

exchange chromatography, gel fillration chromaúography, ulhafiltration, electrophoresis, and

immunoaffinity puriñcêtion with antibodies specific for particular epitopes ofa polypeptide

ofthe invention.

Thus, a nucleotide sequence encoding all or a selected pottion ofpolypeptide ofthe

invention, may bc uscd to producc a recombinant form ofthc p¡otcin vía microbial or

cukaryotic cellular proccsses, Ligating the scquence into a polynuclcotide conshuct, such as

an expression veotor, and transforming or transfecting into hosts, eíther eukaryotic (yeast,

avian, insect or mammalian) or prokaryotio (bacterial cells), are standard procedures Similar

The present invention further provides methods for detecting the presence or absence of B.
hyodysenteriae in a biological sample by: (a) bringing the biological sample into contact with a
polynucleotide probe or primer of polynucleotide of the invention under suitable 20 hybridizing
conditions; and (b) detecting any duplex formed between the probe or primer and nucleic acid
in the sample.      According to one embodiment of the invention, detection of B.
hyodysenteriae may be accomplished by directly amplifying polynucleotide sequences from
biological sample, using known techniques and then detecting the presence of polynucicotide
of the invention 25 sequences.      In one form of the invention, the target nucleic acid
sequence is amplified by PCR and then detected using any of the specific methods mentioned
above. Other useful diagnostic techniques for detecting the presence of polynucleotide
sequences include, but are not limited to: 1) allele-specific PCR; 2) single stranded
conformation analysis; 3) denaturing gradient 30 gel electrophoresis; 4) RNasc protection
assays; 5) the use of proteins which recognize nucleotide mismatches, such as the E. coil
mutS protein; 6) allele-specific oligonucicotides; and 7) fluorescent in situ hybridisation.      In
addition to the above methods polynucleotide sequences may be detected using conventional
probe technology. When probes are used to detect the presence of the desired
polynucleotide sequences, the biological sample to be analysed, such as blood or scrum, may
be treated, if desired, to extract the nucleic acids. The sample polynucleotide sequences may
be prepared in various ways to facilitate detection of the target sequence; e.g. denaturation,
restriction digestion, electrophoresis or dot blotting. The targeted region of the sample
5polynucleotide sequence usually must be at least partially single-stranded to form hybrids
with the targeting sequence of the probe. If the sequence is naturally single-stranded,
denaturation will not be required. However, if the sequence is double-stranded, the sequence
will probably need to be denatured. Denaturation can be carried out by various techniques
known in the art. 10Sample polynticleotide sequences and probes are incubated under
conditions that promote stable hybrid formation of the target sequence in the probe with the
putative desired polynucleotide sequence in the sample. Preferably, high stringency
conditions are used in order to prevent false positives. Detection, if any, of the resulting hybrid
is usually accomplished by the use of 15labelled probes. Alternatively, the probe may be
unlabeled, but may be detectable by specific binding with a ligand that is labelled, either
directly or indirectly. Suitable labels and methods for labelling probes and ligands are known
in the art, and include, for example, radioactive labels which may be incorporated by known
methods (e.g., nick translation, random priming or kinasing), biotin, fluorescent groups,
chemiluminescent groups (e.g., 20dioxetanes, particularly triggered dioxetanes), enzymes,
antibodies and the like. Variations of this basic scheme are known in the art, and include
those variations that facilitate separation of the hybrids to be detected from extraneous
materials and/or that amplify the signal from the labelled moiety. It is also contemplated within
the scope of this invention that the nucleic acid probe 25 assays of this invention may employ
a cocktail of nucleic acid probes capable of detecting the desired polynucleotide sequences of
this invention. Thus, in one example to detect the presence of polynucleotide sequences of
this invention in a cell sample, more than one probe complementary to a polynucleotide
sequences is employed and in particular the number of different probes is alternatively 2, 3, or
5 different nucleic acid probe sequences. 30The polynucleotide sequences described herein
(preferably in the form of probes) may also be immobilised to a solid phase support for the
detection of Brachyspira species, including but not limited to B. hyodysenteriae, B. intermedia,
B. alvinipulli, B. aalborgi, B. ittnocens, B. murdochii, and B. pilosicoli. Alternatively the
polynucleotide sequences described herein will form part of a library of DNA molecules that
may be used to detect 
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procedurcs, or modifications thcrcof, may bc cmploycd to prcparc rccombinâllt polypcptidcs

ofthe invcntion by microbial mcans or tissue-culturc tcchnology

Suitablc vcctors fot thc cxpression of a polypeptidc ofthc invcntion inolude plasmids

ofthe types: pTrcHis-derived plasmids, pET-derived plasmids, pBI{32Z-derived plasmids'

pEMBl-derived plasmids, pBX-derived plasmids, pBTac-derived plasmids and pUC-derived

plæmids for expression in prokaryotic cells, such as ì? c¿li. The various methods employed

in the pl.eparation ofthe plasmids and transformation ofhost organisms are well known in the

art. For other suitâble expression systems lor both prokaryotic and eukaryotic cells, as well

as general recombinânt procedures, sce Molecular Cloning, A I'aboratory Manual,ZndEd ,

ed. by Sambrook, Fdtsch and Maniatis (Cold Spring Harbor Labo¡atory Press, 1989)

Chapters 16 and 17.

Coding sequences for a polypeptide of interest may be incorporated as a part of a

fusion gene inctuding a nucleotide sequence encoding a different polypeptide The present

invention contemplâtes an isolated polynucleotide containing a nucleic acid ofthe invention

and at least one heterologous sequence encoding a heterologous peptide linked in frame to the

nucleotide sequence ofthe nucleio acid ofthe invention so as to encode a fusion protein

containing the heterologous polypeptide. The hcterologous polypeptide may be fused to

(a) the C-terminus ofthe polypeptide ofthe invention, (b) the N-terminus oftho potypeptide

of the invention, or (c) the C-terminus and the N-terminus of the polypeptide oflhe invention.

In certain instances, the heterologous sequence encodes a polypeptide permitting the

detectíon, isolation, solubilization and/or stabilization ofthe polypeptide to which it is fused.

In still other embodiments, the heterologous sequence encodes a polypeptide such as a poly

His tag, myc, HA, GST, protein A, protein G, calmodulin-binding peptide, thiotedoxin,

maltosc-binding protein, poly arginine, poly His-Asp, FLAG, a porfion of an

immunoglobulin protcin, and a tlansoytosis peptide.

Fusion expression systems can be useful when it is desirable to produce an

immunogenic fiagment of¿ polypeptide ofthe invention. For example, the VP6 capsid

protein ofrotavirus may be used as an immunologic canier protein for portions of

polypeptide, either.in the monomeric form o¡ in the form ofa viral particle. The nucleic acid

scqusnces corresponding to thc poftion of a polypeptidc ofthe invention to which antibodies

are to be raiscd may be incorporatcd into a fusion gene construct which includes coding

sequences for a late vaccinia virus structural protein to produce a Set ofrecombinant viruses

expressing fusion protcins comprising a portionofthc protein as part ofthe virion The

Hepatitis B surface antigen may also be utilized in thís role as well. Similarly' chimeric

simultaneously a number of different genes from Brachyspira species, such as B.
hyodysenteriae. In a further alternate form of the invention polynucleotide sequences
described herein together with other polynucleotide sequences (such as from other bacteria or
viruses) may be immobilised on a solid support in such a manner permitting identification of 5
the presence of a Brachyspira species, such as B. hyodysenteriae and/or any of the other
polynucleotide sequences bound onto the solid support. Techniques for producing
immobilised libraries of DNA molecules have been described in the art. Generally, most prior
art methods describe the synthesis of single-stranded nucleic acid molecule libraries, using for
example masking techniques to build up 10various permutations of sequences at the various
discrete positions on the solid substrate. U.S. Patent No. 5,837,832 describes an improved
method for producing DNA arrays immobilised to silicon substrates based on very large scale
integration technology. In particular, U.S. Patent No. 5,837,832 describes a strategy called
"tiling" to synthesize specific sets of probes at spatially defined locations on a substrate that
may be used to produced the 15 immobilised DNA libraries of the present invention. U.S.
Patent No. 5,837,832 also provides references for earlier techniques that may also be used.
Thus polynucleotide sequence probes may be synthesised in situ on the surface of the
substrate. Alternatively, single-stranded molecules may be synthesised off the solid substrate
and each pre-formed sequence applied to a discrete position on the solid substrate. For 20
example, polynucleotide sequences may be printed directly onto the substrate using robotic
devices equipped with either pins or pizo electric devices. The library sequences are typically
immobilised onto or in discrete regions of a solid substrate. The substrate may be porous to
allow immobilisation within the substrate or substantially non-porous, in which case the library
sequences are typically immobilised on 25 the surface of the substrate. The solid substrate
may be made of any material to which polypeptides can bind, either directly or indirectly.
Examples of suitable solid substrates include flat glass, silicon wafers, mica, ceramics and
organic polymers such as plastics, including polystyrene and polymethacrylate. It may also be
possible to use semi-permeable membranes such as nitrocellulose or nylon membranes,
which are widely available. The 30 semi-permeable membranes may be mounted on a more
robust solid surface such as glass. The surfaces may optionally be coated with a layer of
metal, such as gold, platinum or other transition metal.      Preferably, the solid substrate is
generally a material having a rigid or semi-rigid surface. In preferred embodiments, at least
one surface of the substrate will be substantially  flat, although in some embodiments it may
be desirable to physically separate synthesis regions for different polymers with, for example,
raised regions or etched trenches. It is also preferred that the solid substrate is suitable for the
high density application of DNA sequences in discrete areas of typically from 50 to 100 um,
giving a density of 10000 to 5 40000 dots/cm-2. The solid substrate is conveniently divided up
into sections. This may be achieved by techniques such as photoetching, or by the application
of hydrophobic inks, for example teflon-based inks (Cel.-line, USA). 
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corìstructs coding for fusiorì prctcins containing a portion of a polypcptidc ofthe invcntion

and thc poliovirus capsid protcin may bc created to enhancc immunogenicity (sce, for

cxamplc, EP Publicûtíon NO: 0259149; and Evans ct al., (1989) Ndrure 339"385; Huang et

al., (1988) ./. Virol, 62:3855; and Schlicnger et al., (1992) J. Virol. 66:2).

Fusion proteins may facilitâte the expression and./or purification ofproteins. For

example, a polypeptide ofthe invention may be generated as a glutathione-S-transferase

(GST) fusion protein. Such GST fusion proteins may be used to simplifr purification of a

polypeptide of tlìe i,lventiorì, such as through the use of glutathione-derivatized matrices (see,

for example, Current P rotocols in Molecular Biology, eds. Ausubel et al., (N.Y.: John Wiley

&Sons, 1991)). In another embodiment, a fusion gene coding for a purification leader

sequence, such a.s a poly-(His)/enterokinase cleavagc site sequence at the N-termiuus ofthe

desired portion ofthe recombinant protein, may allow purifícation olthe expressed fusion

protein by affinity chromatogr¿phy using a Ni2' metal resin, The purification leader

sequcnce may then be subsequently removed by treatment \À,ith enterokinåse to provide the

purified protein (e.g., see Hochuli et â1., (1987) J. Chromatography 41 1 : 177; and Janknecht

et al., PNA,S USA 88:8972).

Techniques for making fusion genes are well known. Essentially, the joining of

various DNA ilagments coding îor different polypeptide sequences is pcrformed in

accordance with conventional techniqucs, employing blunt-ended or stagger-ended termini

for ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of

cohesive ends as appropriste, alkaline phosphatase treatment to avoid undesirable joining,

and enzymatic ligation. ln another embodiment, the fusion gene rnay be synihesized by

conventional techniques inctuding automated DNA synthesizers. Altematively' PCR

amplification ofgene fragments may be carriod out using anchor primers which give rise to

complcmcntary ovcrhangs bctwcen two consccutive gene fiagments which may subscquently

be annealed to generate a chimeric gene sequence (sec, for example, Current Prolohls in

Molecular lliology, eds. Ausubel et aI., John Wiley & Sons: 1992).

In other embodiments, the invention provides for nucleic acids ofthe invention

immobilized onto a solid surface, including, plates, microtiter plates, slides, beads, particles,

sphercs, films, strands, precipitates, ge[s, sheets, tubing, containerc, capillaries, pads, sliccs,

etc. Thc nucleic acids ofthe invention may be immobilized onto a chip as part ofan array.

The array may contain one or more polynucleotides of the iuvention as described herein ln

one embodiment, the chip contains one or more polynucleotides ofthe invention as pad ofan

Discrete positions, in which each different member of the library is located may have 10any
convenient shape, e.g., circular, rectangular, elliptical, wedge-shaped, etc.       Attachment of
the polynucleotide sequences to the substrate may be by covalent or non-covalent means.
The polynucleotide sequences may be attached to the substrate via a layer of molecules to
which the library sequences bind. For example, the polynucleotide sequences may be labelled
with biotin and the substrate coated with avidin and/or 15 streptavidin. A convenient feature of
using biotinylated polynucleotide sequences is that the efficiency of coupling to the solid
substrate can be determined easily. Since the polynucleotide sequences may bind only poorly
to some solid substrates, it is often necessary to provide a chemical interface between the
solid substrate (such as in the case of glass) and the nucleic acid sequences. Examples of
suitable chemical interfaces include hexaethylene 20 glycol. Another example is the use of
polylysine coated glass, the polylysine then being chemically modified using standard
procedures to introduce an affinity ligand. Other methods for attaching molecules to the
surfaces of solid substrate by the use of coupling agents are known in the art, see for example
W098/49557. Binding of complementary polynucleotide sequences to the immobilised nucleic
acid 25 library may be determined by a variety of means such as changes in the optical
characteristics of the bound polynucleotide sequence (Le. by the use of ethidium bromide) or
by the use of labelled nucleic acids, such as polypeptides labelled with fluorophores. Other
detection techniques that do not require the use of labels include optical techniques such as
optoacoustics, reflectometry, ellipsometry and surface plasmon resonance (see 30
W097/49989).      Thus, the present invention provides a solid substrate having immobilized
thereon at least one polynucleotide of the present invention, preferably two or more different
polynucleotide sequences of the present invention.        The present invention also can be
used as a prophylactic or therapeutic, which may be utilised for the purpose of stimulating
humoral and cell mediated responses in animals, such as chickens and swine, thereby
providing protection against colonisation with Bra chyspira species, including but not limited to
B. hyodysenteriae, B. suanatina, B. intertnedia, B. 5alvinipulli, B. aalborgi, B. innocens, B.
murdochii, and B. pilosicoli. Natural infection with a Brachyspira species, such as B.
hyodysenteriae induces circulating antibody titres against the proteins described herein.
Therefore, the amino acid sequences described herein or parts thereof, have the potential to
form the basis of a systemically or orally administered prophylactic or therapeutic to provide
protection against intestinal spirochaetosis. 10Accordingly, in one embodiment the present
invention provides the amino acid sequences described herein or fragments thereof or
antibodies that bind the amino acid sequences or the polynucleotide sequences described
herein in a therapeutically effective amount admixed with a pharmaceutically acceptable
carrier, diluent, or excipient. The phrase "therapeutically effective amount" is used herein to
mean an amount 15 sufficient to reduce by at least about 15%, preferably by at least 50%,
more preferably by at least 90%, and most preferably prevent, a clinically significant deficit in
the activity, function and response of the animal host. Alternatively, a therapeutically effective
amount is sufficient to cause an improvement in a clinically significant condition in the animal
host. The phrase "pharmaceutically acceptable" refers to molecular entities and
20compositions that are physiologically tolerable and do not typically produce an allergic or
similarly untoward reaction, such as gastric upset and the like, when administered to an
animal. The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle with which the
compound is administered. Such pharmaceutical carriers can be sterile liquids, such as water
and oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut
25oil, soybean oil, mineral oil, sesame oil and the like. Water or saline solutions and aqueous
dextrose and glycerol solutions are preferably employed as carriers, particularly for injectable
solutions. Suitable pharmaceutical carriers are described in Martin, Remington's
Pharmaceutical Sciences, 18th Ed., Mack Publishing Co., Easton, PA, (1990). In a more
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array ofpolynuclcotidc scqucnces from the samc pâthogenic species as such

polynuclcotidc(s).

Itr a prcfcncd form ofthe invontion there is provided isolatod B. hyotlysenteriae

poly¡reptides as hcrein described, and also the polynucleotide sequences encoding these

polypeptides. More desirably the Il. ltyodysenteriae Polypeptidcs are provided in

substantially purifi ed form.

Preferred poþeptides of the invention will have one or more biological properties

(e.g,, invivo, ìn vitro or immunological properties) ofthe native full-lengtb polypeptidc'

Non-fulctional polypeptides are also included within the scope ofthe invention because they

may be useful, fol example, as antagonists of the functional polypeptide$. The biological

properties ofanalogues, ftagments, or derivatives relative to wild type may be determined,

for example, by means ofbiological assays.

Polypepiides, including analogues, fragments ând derivatives, can be preparcd

synthetically (e.g., using the wetl known techniques ofsolid phase or solution phase peptide

synthesis). Preferabty, solid phase synthetic techniques ore employed' Alternatively, the

polypeptides ofthe invention can be prepared using well known genetic engineering

techniques, a^s descnbed infra. In yet another ernbodiment, ihe polypeptides can be purified

(e.g., by ìmmunoaffinity purification) from a biological fluid, such as but not limited to

plasma, faeces, serum, or urine lrom animals, including, but not limited to, pig, chicken,

goose, duck, turkey, parakeet, human, monkey, dog, cat, horse, hamster, gerbil, rabbit, fenet,

horse, cattle, and sheep. An animal can be any mammal or bird.

'lhe B. hyodysenterice polypeptide analogues include those polypeptidcs having the

amino acid sequence, wherein one or more ofthe amino acids are substituted with another

amino acid which substitutions do not substantially altcr the biologicâl âctivity ofthe

molecule.

According to the invention, the polypeptides ofthe invention produced recombinantly

or by chemical synthesis and fragments or other derivatives or analogues thereof, including

fusion proteins, may be used as an immunogen fo generate antibodies that recognize the

polypeptides.

A molccule is "antigenic" whcn it is capable ofspccifically intoracting ì ith an antigcn

recognition molcculc ofthc immunc systcm, such as an immunoglobulin (antibody) or T ccll

antigen receptor. An antigenic amino acid sequence contains at least about 5, and preferably

at least about 10, amino acids. An antigenic portion of a molecule can be the portion that is

immunodominant for antibody or T cell receptor recognition, or it can be a portion used to

2l

30 compositions comprising therapeutically effective amounts of the amino acid sequences
described herein or an analogue, fragment or derivative product thereof or antibodies thereto
together with pharmaceutically acceptable diluents, preservatives, solubilizes, emulsifiers,
adjuvants and/or carriers. Such compositions include diluents of various buffer content (e.g.,
Tris-HCI, acetate, phosphate), pH and ionic strength and additives such as detergents and
solubilizing agents (e.g., Twcen 80, Polysorbatc 80), anti-oxidants (e.g., ascorbic acid, sodium
metabisulfite), preservatives (e.g., Thimersol, benzyl alcohol) and bulking substances (e.g.,
lactose, mannitol). The material may be incorporated into particulate preparations of polymeric
compounds such as polylactic acid, polyglycolic acid, etc. or into liposomes. 5 Hylauronic acid
may also be used. Such compositions may influence the physical state, stability, rate of in vim
release, and rate of in vivo clearance of the present proteins and derivatives. See, e.g.,
Martin, Remington's Pharmaceutical Sciences, 18th Ed. (1990, Mack Publishing Co., Easton,
PA 18042) pages 1435-1712 that are herein incorporated by reference. The compositions
may be prepared in liquid form, or may be in dried powder, 10 such as lyophilised form.
Alternatively, the polynucleotides of the invention can be optimized for expression in plants
(e.g., corn). The plant may be transformed with plasmids containing the optimized
polynucleotides. Then the plant is grown, and the proteins of the invention are expressed in
the plant, or the plant-optimized version is expressed. The plant is later harvested, and the 15
section of the plant containing the proteins of the invention is processed into feed for the
animal. This animal feed will impart immunity against B. hyodysenteriae when eaten by the
animal. Examples of prior art detailing these methods can be found in U.S. Patent 5,914,123
(Arntzen, et al.); U.S. Patent 6,034,298 (Lam, et al.); and U.S. Patent 6,136,320 (Arntzen, et
al.). 20It will be appreciated that pharmaceutical compositions provided accordingly to the
invention may be administered by any means known in the art. Preferably, the pharmaceutical
compositions for administration are administered by injection, orally, or by the pulmonary, or
nasal route. The amino acid sequences described herein or antibodies derived therefrom are
more preferably delivered by intravenous, intraarterial, intraperitoncal, 25 intramuscular, or
subcutaneous routes of administration. Alternatively, the amino acid sequence described
herein or antibodies derived therefrom, properly formulated, can be administered by nasal or
oral administration.       Also encompassed by the present invention is the use of
polynucleotide sequences of the invention, as well as antisense and ribozyme polynucleotide
sequences hybridisable to a 30 polynucleotide sequence encoding an amino acid sequence
according to the invention, for manufacture of a medicament for modulation of a disease
associated B. hyodysenteriae.       Polynucleotide sequences encoding antisense constructs
or ribozymes for use in therapeutic methods are desirably administered directly as a naked
nucleic acid construct. Uptake of naked nucleic acid constructs by bacterial cells is enhanced
by several known  transfection techniques, for example those including the use of transfection
agents. Example of these agents include cationic agents (for example calcium phosphate and
DEAE-dextran) and lipofectants. Typically, nucleic acid constructs are mixed with the
transfection agent to produce a composition. 5Alternatively the antisense construct or
ribozymes may be combined with a pharmaceutically acceptable carder or diluent to produce
a pharmaceutical composition. Suitable carriers and diluents include isotonic saline solutions,
for example phosphate-buffered saline. The composition may be formulated for parenteral,
intramuscular, intravenous, subcutaneous, intraocular, oral or transdermal administration. The
routes of  10 administration described are intended only as a guide since a skilled practitioner
will be able to determine readily the optimum route of administration and any dosage for any
particular animal and condition.       The invention also includes kits for screening animals
suspected of being infected with a Brachyspira species, such as B. hyodysenteriae or to
confirm that an animal is infected 15 with a Brachyspira species, such as B. hyodysenteriae.
In a further embodiment of this invention, kits suitable for use by a specialist may be prepared
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gcncratc an antibody to thc molcculc by conjugating the antigcnic pottion {o a carticr

molcculc for immunization, A molcoulc that is antigcnic nccd not be itsolf immunogenic,

1.e., capable ofcliciting att immunc rcsponsc without a canicr.

An "antibody" is any immunoglobulin, including antibodies and fragments thereof,

that binds a specific epitope. The term encompasses polyclonal, monoclonal, and chimeric

antibodies, the last mentioned desøibed in further detail in U.S. Patent Nos. 4,816,397 and

4,816,567, as well as antigen binding portions of antibodies, including Fab, F(ab'þ and F(v)

(including singte chain antibodies). Accordingl¡ the phrasc "ântibody molecule" in its

various grammatical forms as used hcreitr contemplates both an intact immunoglobulin

molecule and an immunologically active portion ofan ímmunoglobulin molecule containing

the antibody cornbinirrg site. An "antibody combining site" is that structural portion of an

antibody molecule comprised ofheavy and light chain variable and hypervariable regions that

specifically binds an antigcn.

Exemptary antibody molecules are intaot immunoglobulin molecules, substantially

intact immunoglobulin molecules and those portions ofen immunoglobulin moleoule that

contain the paratope, including those portions known in the art as Fab, Fab', F(ab'), and F(v)'

which portions are preferred for use in the therapeutic methods described herein.

Fab and F(ab')2 portions ofantibody molecules are prepared by the proteolytic

reaction ofpapain and pepsin, respectively, on substantially intact antibody molecules by

methods thàt are well-known. See for example, U.S. Patent No. 4,342,566 toThæfilopolous

et al. Fub' antibody molecule poriions are also well-known and are produced from F(ab')2

portions followed by reduction with mercaptocthsnol ofthe disulfide bonds linking the two

heary chain porlions, and followed by alkylation ofthe resulting protein mercaptan with a

rcagent such as iodoacetamidc. An antibody containing intact antibody moleculcs is

prcfened hercin.

The phra,se "monoclonal antibody" in its various grammatic¿l forms refers to an

antibody having only one species of antibody combining site capable of immunoreacting with

a particular antigen. A monoclonal antibody thus typically displays a single binding afflrnity

for any antigen with which it immunoreacts. A monoclonal antibody may therefore contain

an antibody moleculc having a plurality of antibody combining sites, each immunospecific

for a different antigcn; e.g., a bispccific (chimeric) monoclonal arúibody.

The term "adjuvant" refers to a compound or mixture that enhanccs the immune

response to an antigen. An adjuvant oan se¡ve as a tissue depot that slowly releases the

antigen and also as a lymphoid system activator tha.t non-specifically enhances the immune

Accordingly, a test kit for the demonstration of the presence of a Brachyspira species,
including but not limited to B. hyodysenteriae, B. suanatina, B. intermedia, B. alvinipulli, B. 30
aalborgi, B. innocens. B. murdochii, and B. pilosicoli, may contain the following:        (a) a
predetermined amount of at least one labelled immunochemically reactive component
obtained by the direct or indirect attachment of one of the amino acid sequences described
herein or a specific binding partner thereto, to a detectable label;        (b) other reagents; and
(c)directions for use of said kit. More specifically, the diagnostic test kit may contain:        (a) a
known amount of one of the amino acid sequences described herein as described above (or a
binding partner) generally bound to a solid phase to form an 5immunosorbent, or in the
alternative, bound to a suitable tag, or there are a plural of such end products, etc;        (b) if
necessary, other reagents; and        (c) directions for use of said test kit. In a further variation,
the test kit may contain: 10(a)a labelled component which has been obtained by coupling one
of the amino acid sequences described herein to a detectable label; (b)one or more additional
immunochemical reagents of which at least one reagent is a ligand or an immobilized ligand,
which ligand is selected from the group consisting of: (i)a ligand capable of binding with the
labelled component (a); 15(ii)a ligand capable of binding with a binding partner of the labelled
component (a);       (iii) a ligand capable of binding with at least one of the component(s) to be
determined; or       (iv) a ligand capable of binding with at least one of the binding partners of
20at least one of the component(s) to be determined; and (c)directions for the performance of
a protocol for the detection and/or determination of one or more components of an
immunochemical reaction between one of the amino acid sequences described herein and a
specific binding partner thereto. Preparation of genomic library  
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rcsponse lHood et ol ., ír ImmunoloSy, p. 384, Second Ed., Benjamin/Cummings, Mcnlo

Park, California (1984)1. Often, a primary challcngc with an antigen alonc, in the abscnce of

an adjuvant, will fail to clicit a humoral or ccllular immune rcsponsc. Adjuvants includc, but

are not limited to, complete Freund's adjuvant, incomplctc Frcund's adjuvant, saponin,

mineral gels such as aluminium hydroxide, surfacc active substances suoh as lysoleoithin,

pluronic polyols, polyanions, peptides, oil or hydrocarbon emulsions, keyhole limpet

hemocyanins, dinitrophenol, and potentially useful human adjuvants such asBCG (bacille

Calmette-Guerin) and Corynebacterium pontum. Preferably, the adjuvant is

pharrnaceutically acceptable.

Various prooedures known in the art may be used for the production ofpolyclonal

antibodies to the polypeptides of the invention. For the produciion of antibody, various host

animals can be immunised by injection with the polypoPtide ofthe invention, including but

not limited to rabbits, mice, rals, shcep, goats, ¿fc. In one embodiment, a polypeptide of the

invention can be conjugated üo an immunogenic carrier, e.g., bovine serum albumin (BSA) or

keyhote limpet hemocyanin (KIH). Various adjuvants may be used to íncrease the

immunological response, depending on the host spccies, including but not limited to Freund's

(complete and incomplete), mineral gels such as aluminum hydroxide, surface active

substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions,

keyhole limpet hemocyatrins, dinitrophenol, and potentially useful human adjuvants such as

BCG (bacille Calmeue-Guerin) und Corynebacterium parvum.

For preparä.tion ofmonoclonal antibodies directed toward a polypeptide ofthe

invention, any technique that provides for the production ofantibody molecules by

continuous cell lines in culture may be used. These includc but a¡e not limited to the

hybridoma technique originally developed by Kohlcr et al., (1975) Nature,256:495-497, thc

trioma teohnique, the human B-cell hybridoma tcchniqu c U{ozbor et al.,(1983) Immunology

T;¿ay, 4:721, and the EBV-hybridomâ technique to produce human monoclonal antibodies

[Cole eral., (1985) in Monoclonal Antíbodies and Cancer Therapy, pp' 77-96, Alan R. Liss,

Inc.l. Immortal, antibody-producing cell lines cen be created by techniques other than fusion,

such a,s direct transformation of B lymphocytes with oncogenic DNA, or transfection with

Epstcin-Ban virus . See, e.B.,tJ.S. Patont Nos. 4,341,'161;4,399,121; 4,427,783;4,444,887;

4,45 1,57 0; 4,466,9 l7 : 4,47 2,500; 4,49 1,632i und 4,493,890.

ln an additional embodiment ofthe invention, monoclonal antibodies can be produced

in germ-free animals utilising recent technology. According to the invention, chicken or

swine antibodies may be used and can be obtained by using chioken or swine hybridomas or

25A genotnic library is prepared using an Australian porcine field isolate of B. hyodysenteriae
(strain WA1). This strain has been well-characterised and shown to be virulent following
experimental challenge of pigs. The cetyltrimethylammonium bromide (CTA13) method is
used to prepare high quality chromosomal DNA suitable for preparation of genomic DNA
libraries. B. hyodysenteriae is grown in 100 ml anaerobic trypticase soy 30broth culture to a
cell density of 109 cells/ml. The cells are harvested at 4,000 x g for 10 minutes, and the cell
pellet resuspended in 9.5 ml TB buffer. SDS is added to a final concentration of 0.5% (w/v),
and the cells lysed at 37C for 1 hour with 100 lig of Proteinase K. NaC1 is added to a final
concentration of 0.7 M and 1.5 ml CTAB/NaC1 solution (10%  w/v CTAB, 0.7 M NaC1) is
added before incubating the solution at 65C for 20 minutes. The lysate is extracted with an
equal volume of chloroform/isoamyl alcohol, and the tube is centrifuged at 6,000 x g for 10
minutes to separate the phases. The aqueous phase is transferred to a fresh tube and 0.6
volumes of isopropanol are added to precipitate the high 5 molecular weight DNA. The
precipitated DNA is collected using a hooked glass rod and transferred to a tube containing 1
ml of 70 % (v/v) ethanol. The tube is centrifuged at 10,000 x g and the pelleted DNA
redissolved in 4 ml TE buffer overnight. A cesium chloride gradient containing 1.05 g/ml CsC1
and 0.5 rag/ml cthidium bromide is prepared using the redissolved DNA solution. The gradient
is transferred to 4 ml scalable centrifuge tubes and 10 centrifuged at 70,000 x g overnight at
15C. The separated DNA is visualized under an ultraviolet light, and the high molecular weight
DNA is withdrawn from the gradient using a 15-g needle. The ethidium bromide is removed
from the DNA by sequential extraction with CsCI-saturated isopropanol. The purified
chromosomal DNA is dialysed against 2 litres TE buffer and precipitated with isopropanol. The
resuspended genotnic DNA is sheared using a 15 GeneMachines Hydroshear (Genomic
Solutions, Ann Arbor, MI), and the sheared DNA is filled-in using Klenow DNA polymerase to
generate blunt-end fragments. One hundred ng of the blunt-end DNA fragments is ligated with
25 ng of pSMART VC vector (Lucigen, Meddleton, WI) using CloneSmart DNA ligase. The
ligated DNA is then electroporated into E. colt electrocompetent cells. A small insert (2-3 kb)
library and medium insert (3-10 kb) 20 library is constructed into the low copy version of the
pSMART VC vector. Genomic sequencing       After the genomic library is obtained, individual
clones of E. coli containing the pSMART VC vector are picked. The plasmid DNA is purified
and sequenced. The purified plasmids are subjected to automated direct sequencing of the
pSMART VC vector using the 25 forward and reverse primers specific for the pSMART VC
vector. Each sequencing reaction is performed in a 10 pl volume consisting of 200 ng of
plasmid DNA, 2 pmol of primer, and 4 RI of the ABI PRISM Tm BigDye Terminator Cycle
Sequencing Ready Reaction Mix (PE Applied Biosystems, Foster City, CA). Cycling
conditions involve a 2 minute denaturing step at 96C, followed by 25 cycles of denaturation at
96C for 10 seconds, and a combined 30 primer annealing and extension step at 60C for 4
minutes. Residual dye terminators are removed from the sequencing products by precipitation
with 95% (v/v) ethanol containing 85 mM sodium acetate (pH 5.2), 3mM EDTA (pH 8), and
vacuum dried. The plasmids are  sequenced in duplicate using each primer. Sequencing
products are analysed using an AIM 373A DNA Sequencer (PE Applied Biosystems).
Annotation  Partial genome sequences for B. hyndysenteriae are assembled and annotated
using a 5 range of public domain bioinformatics tools to analyse and re-analyse the
sequences as part of a quality assurance procedure on data analysis. Open reading frames
(ORFs) are predicted using a variety of programs including GeneMark, GLIMMER,
ORPHEUS, SELFID and GetORF. Putative ORFs are examined for homology (DNA and
protein) with existing international databases using searches including BLAST and PASTA. All
the predicted ORFs 
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by transforming B cclls with EBV vir\s in vitro. ln fact, according to thc invcntio[,

tcchniqucs dcvclopcd for thc production of "chimcric antibodics" [Moffison ¿/ 41 , (1984) J'

Iìacteriol.,159-870; Neuberger et al., (1984) Nature,312:604-608;'fakeda ¿¿ al., (1985)

Nature,314:452-4541 by splicing thc genes from a mouse antibody molecule specific for a

polypeptide ofthe invention together with genes ftom an antibody molecule ofappropriate

biological activity can be used; such antibodies are within the scope ofthis invention. such

chimeric antibodies are prefened fbr use in therapy of intestinal diseases or disorders

(described i¿fta), since the antibodies are much less likely than xenogenic antibodies to

induce an immune responso, in partioular an allergio response, themselves.

According to the invention, tecluriques described for the production ofsingle chain

antibodies (u.S. Patent 4,946,778) can be adapted to produce single chain antibodies specific

for an polypeptide ofthe invention. An additional embodiment ofthe invention utilises the

techniques descri.bed for the construction ofFab expression librarles [Huse el al., (1989)

science,246:1275-1281I to altow rapid and easy identification ofmonoclonal Fab fragments

with the desired specificity for a polypeptide ofthe invention.

Antibody ftagments, which contain the idiotype ofthe antibody molecule, can be

generated by known techniques. For example, such fragments include but are nof limited to:

fhe F(ab')2 fragment which can be produced by pepsin digestion ofthe antibody molecule; the

Fab' fragments which can be generated by reducing the disulfide bridges ofthe F(ab'),

fragment, and the Fab fragments which can be generated by treating the antibody molecule

with papain and a reducing agent.

In the production ofantibodies, screening for the desired antibody can be

accomplished by techniques known in the art, e.3., radioimmunoassay, ELISA, "sandwich"

immunoassays, immunoradiometric assays, gcl diffusion prccipitin rcactions,

immunodiffusion assays, iz sÙÍ immunoassays (using colloidal gold, cnzyme or radioisotopc

labels, for example), Western blots, precipitation reactions, agglutination assays (e.3'' gel

agglutination assays, hemagglutination assays), complement fixation assays'

immunofluorescence assays, proteitl A assays, immunoelectrophoresis assays, efc. In one

embodiment, antibody binding is detected by detccting a label on the primary antíbody ln

anothcr cmbodiment, the primary antibody is detcctcd by dctectirrg binding of a secondary

antibody or rcagcnt to the primary antibody. In a further cmbodimcnt, thc secondary

antibody is labelled. Many means are known in the art for detecting binding in an

irnmunoassay and are within the scope ofthe present invention' For example, to select

antibodies that recognise a spccific epitope of a polypeptide ofthe invention, one may assay

10 are analysed to determine their cellular localisation using programs including PSI-BLAST,
FASTA, MOTIFS, FINDPATTERNS, PHD, SIGNAL? and PSORT. Databases including
Interpro, Prosite, ProDom, Pfam and Blocks are used to predict surface associated proteins
such as transmembrane domains, leader peptides, homologies to known surface proteins,
lipoprotein signature, outer membrane anchoring motifs and host cell binding domains. 15
Phylogenetic and other molecular evolution analysis is conducted with the identified genes
and with other species to assist in the assignment of function. The in silico analysis of both
partially sequenced genomes produces a comprehensive list of all the predicted ORFs
present in the sequence data available. Each ORF is interrogated for descriptive information
such as predicted molecular weight, isoelectrie point, hydrophobicity, and subeellular
localisation to 20 enable correlation with the in vitro properties of the native gene product.
Predicted genes which encode proteins similar to surface localized components and/or
virulence factors in other pathogenic bacteria are selected as potential vaccine targets.
Bioinformatics results The shotgun sequencing of the B. hyodysenteriae genome results in
94.6% (3028.6 kb 25 out of a predicted 3200 kb) of the genome being sequenced. The B.
hyodysenteriae sequence is comprised of 294 contigs with an average c,ontig size of 10.3 kb.
For B. hyodysenteriae, 2,593 open-reading frames (ORFs) are predicted from the 294 contigs.
Comparison of the predicted ORFs with genes present in the nucleic acid and protein
databases indicate that approximately 70% of the ORFs have homology with genes contained
in the public 30 databases. The remaining 30% of the predicted ORFs have no known identity.
Vaccine candidates       To help reduce the number of ORFs that would be tested as a
vaccine candidate, ORF's showing reasonable homology (E-value less than e-}5) with outer
surface proteins, secreted proteins, and possible virulence factors present in public databases
are selected as  potential vaccine candidates. Of the 2,593 ORFs obtained in the genomic
shotgun sequencing, many passed this test but the results of thirty-three genes are presented
here. Table 1 shows thirty-three genes selected as potential vaccine targets and their
similarity with other known amino acid sequences obtained from SWISS-PROT database. It is
noted that 5 the percent identity of amino acids does not raise above 58% while the percent
similarity or homology of amino acids remains less than 71%, thus indicating that these ORFs
are unique. Gene Identity of Protein With Highest Homology Identity (amino acids) Similarity
(amino acids) Accession Number NAV- 
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generated hybridomas for a product fhat l¡inds to a fragment ofa polypcptido ofthc invention

containing such cpitopc.

Thc invention also covcrs diaguostic and prognostic methods to detcct the prcscncc of

Iì. hyotlysenteriae using a polypeptide ofthe invcntion and/or antibodies which bind to the

polypeptidc ofthe invention ând kits useful for diagnosis and prognosis of ,ll. hyodysenteriae

infections.

Diagnostio and prognostio methods will genetally be conducted usìng a biological

sample obtained from an animal, such as chicken or swine. A "semple" refers to an animal's

tissue or fluid suspected of containing a Bracþspira species, such a.s B. hyodysenteriae, or its

polynucleotides or its polypeptides. Examples of such tissue or fluids include, but not limited

to, plasma, serum, facoal material, urine, lung, heart, skeletal musclc, stomach, intestines, and

in vi¿r¿¡ cell cultu¡e constituents.

Thc invention provides methods for detecting the presence ofa polypeptide ofthe

invention in a sample, with the following steps: (a) contacting a sample suspected of

containing a potypeptide ofthe invention with ân ântibody þreferably bound to a solid

support) that specifically binds to the pollpeptide ofthe invention under conditions which

allow for the fo¡mation ofreaction compfexes comprising the antibody and the polypeptide of

the invention; ând (b) deiecting the formation of¡eaction complexes comprising thc antibody

and polypeptide ofthe invention in the sample, wherein detection ofthe formation ofreaction

complexes indicates the presence ofthe polypeptide ofthe invention in the sample.

Preferably, the antibody used in this method is derived from an affinity-putified

polyclonal antibody, and more preferably a monoclonal antibody. In addition, it is preferable

for the antibody molecules used herein be in the form ofFab' Fab', F(ab'Þ or F(v) portions or

whole antibody molccules.

Particularly preferrcd methods for dctocting ü. hyodysenteriae bøsed on the abovc

method inolude enzyme linked immunosorbent assays, radioimmunoassays,

immunoradiometrio assays and immunoenzymatic assays, including sandwich assays using

monoclonal and/or polyclonal antibodies.

Three such procedures that are especially useful utilise either polypeptide ofthe

invcntion (or a fragment thercof) labelled with a dctoctable labcl, antibody Abr labclled wilh

a detectable label, or antibody Abz labellcd with a detectablc label. Tlte procedures may bc

summarized by the foltowing equations whereiu the asterisk indicates that the particle is

labelled and "AA" stands for the polypeptide ofthe invention:

A. AAn + Abr =AA*Abr

H54 Variable surface protein (VspD) of Brachyspira hyodysenteriae 106/223 (47%) 136/223
(60%) 068157 NAV- 1155 Plagellar protein E of Leptospira interrogans 58/213 (27%) 108/213
(50%) Q72SJ3 NAV- 1156 Myosin-like major antigen 288/1509 (19%) 609/1509 (40%)
P21249 
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B. AA + Ab*r : A"A. Ab¡¡

C. AA +Abr + Ab2t = Abr AA Ab2*

Thc proccdurcs and thcir applicatíon arc all fâmiliar to thosc skillcd in thc art and

accordingly may be utilised within the scope of the preselìt invention. The "competitive"

procedure, Procedure A, is described in U.S. Patent Nos. 3,654,090 and 3,850'752.

Procedure B is representative ofwell-known competitive assay techniques. Procedurc C, the

"sandwich" procedure, is described inU.S. PatentNos. R.E31,006 and4,016,043. Still other

procedures are known, such as the "double antibody" or "DASP" procedure, and can be used.

In each instance, thc polypeptide ofthc invention form complexos with one or morc

antibody(ies) or binding partners and one member oftho complex is labelled with a

detectable label. The fact that a complex has formed and, if desired, ihe amount thercof, can

be determined by known methods applicable to the detection of labels.

It will be secn Íìom the above, that a characteristic property ofAbz is that it will rcact

with Abr. This reaction is because Abl, raised in one mammalian species, has been used in

ûnother species âs ân antigen to raise the antibody, Abz. For example, Ab2 may be raised in

goats using râbbit antibodics as antigens. Ab2 therefore would be antir¿bbit antibody raised

in goals. For purposes of this description and claims, Abl will be referred to a's a primary

antibody, and Al¡z will be refened to as a secondâry or anti-Ab¡ antibody.

The labels most commonly employed for thesc studies are radioactivc elements,

enzymes, chemicals that fluoresce when exposed to ultraviolet light, and others Examples of

fluorescent materiats capable ofbeing utilised as labels include fluorescein, rhodamine and

auramine. A particular detecting material is anti-rabbit antibody preparcd in goats and

conjugated with fluorescein through an isothiocyânate. Examples ofpreferred isotope

include 3H, l'c, t'P, 
"s, '6c1, ''cr, 

ttco, 
"co, 

tnFe, e0Y, t"I, 13lI, and 186Rc. Thc radioactive

labcl can be detected by any ofthe currently available counting procedutes. Whilc many

enzymes can be used, examples ofpreferred enzymes are pcroxidase, ß-glucuronidase,

ß-D-glucosidase, ß-D-galactosiduse, urease, glucose oxidase plus peroxidase and alkaline

phosphatase. Enzyrne are conjugâted to the selccted pûrticle by reaction with bridging

molecules such as carbodiimides, diisocyanates, glutaraldehyde and the like. Enzyme labels

can bc detccted by any ofthe prescntly utilizcd colorirnetric, spcctrophotomctric,

fluorospectrophotomctrio, amperornetrio or gasometric techniques. U.S. Patent Nos.

3,654,090; 3,850,752 and 4,016,043 are refer¡ed to by way ofexample for their disclosure of

alternate labelling material and methods.

NAV- 1157 Lytle murein transglycosylate (possibly outer membrane-bound) 97/318 (25%)
158/318 (41%) Q6177W9 NAV- 1158 Outer membrane protein of Trepottema !madam 57/175
(32%) 90/175 (51%) P96127 NAY- H59 Myosin-like major antigen 204/1012 (20%) 432/1012
(42%) 
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Thc invention also providcs a method ofdctccting antibodics to a polypeptidc of tlìc

invention in biological samples, using thc following steps: (a) providing a polypcptidc ofthe

invcntion or a fragmcnt thercof; (b) inoutrating a biological samplc with saíd polypcptidc of

the invention under conditions which allow for the formation ofan antibody-antigen

complex; and (o) determining whether an antibody-antigcn complex with the polypeptide of

the invention is formed.

In another embodiment ofthe invention there are provided ln vilro methods for

evaluating the level ofantibodies to a polypeptide ofthe invention in a biological sample

using the fotlowing steps: (a) detecting the furmation ofreaction complexes in a biological

sample according lo the method noted âbove; and (b) evaluating the amount ofreactioll

complexes formed, which amount ofreaction complexes coffesponds to the level of

polypeptide ofthe invention in the biological sample.

Further there are provicled in vifto mefhods fo¡ monitoring therepeutic treatment ofâ

disease associated wîlh B. hyodysentería¿ in an animal host by evaluating, as describe above,

the levels of antibodies to a poþeptide of the invcntion in a series of biological samples

obtained at different time points from an animal host undergoing such therapeutic treatment.

The present invention further provides mefhods for detccting the presence or absence

of ß. hyodysenteriae in a biological sample by: (a) bringing the biological sample into contact

with a polynucleotide probe or primer ofpolynucleotide ofthe invention under suitable

hybridizing conditions; and þ) detecting any duplex formed between the probe or primer and

nucleic acid in the sample.

According to one embodiment ofthc invention, detection of B. hyodysenteriae may be

accomplished by directly amplifuing polynucleotide sequences from biological sample, using

known tcchniques and thon detecting the ptesence of polynucleotide ofthe invention

25 sequenoos.

In one form of the invention, the târget nucleic acid sequencc is amplified by PCR and

then detected using any of the specific methods mentioncd above. Other usefu I diagnostic

techniques for detecting the presence ofpofynucteotide sequences include, but are not limited

to: l) allele-specifio PCR; 2) sirrgle stranded confo¡mation analysis; 3) denaturing gradient

30 gel electrophoresis; 4) RNase protection assâys; 5) the usc ofproteins which recognizc

nucleotide mismatches, such as thc E. cori muts protein; 6) allctc-specific oligonuoleotides;

and 7) fluorescent ln sÍtr hybridisation.

In addition to the above methods polynucleotide sequences may be detected using

conventional probe technology. When probcs are used to detect the presence ofthe desired

P21249 NAV- 1160 Outer membrane protein and related peptidoglycan-associated lipoprotein
46/139 (33%) 68/139 (48%) COG2885 NAV- 1161 Putative lipoprotein of Treponema
denticola 336/805 (41%) 483/805 (60%) Q73NTO NAV- H62 NIpA lipoprotein of
Streptococcus suis 92/269 (34%) 151/269 
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polynuclcotido sequenccs, thc biological samplc to be analyscd, such as blood or scrum' may

be frcatcd, ifdcsired, to cxtract the nuclcic acids. Thc sample polynuclcotidc soqucnccs nìay

bc prcparcd in various ways to facilitatc dctcction ofthc targct soqucncc; e.g. dcnaturation,

restriction digestiou, electrophoresís or dot blotting. The targeted region of the sample

polynucleotidc sequence usually must be at least pârtiâlly single-stranded to form hybrids

with the targeting sequence ofthe probe. If the sequence is naturally single-stranded,

denaturation will not be required. However, if the sequencc is doublc-stranded, the sequcnce

witlprobably need to be denatuted. Denaturation can be carried out by various techniques

known in tho art.

Sample polynucleotide sequences and probes are incubated under conditions that

promote stable hybrid formation ofthe tffget sequence in the probe with the putative desired

polynucleotide sequence in the sample. Preferably, high stringency conditions are used in

order to prevent false positives.

Detection, if any, ofthe resulting hybrid is usually accomplished by the use of

labelled probes. Altematively, the probe may be unlabeled, but may be detectable by specific

binding with a ligand thet is lâbelled, either directly or indirectly. Suitable labels and

methods for labelting probes and ligands are known in the art, and include, for example,

radioactive labels which may be incorpomted by known methods (e.g , nick ttanslation,

random priming or kinasing), biotin, fluorescent groups, chemiluminescent groups (e.g.,

dioxetancs, particularly triggered dioxelanes), enzymes, aniibodies and the like' Variations

ofthis basic scheme arc known in the art, and include those variations that facilitate

separation of the hybrids to be detected ftom extrâneous materials and/or tlat ampliry tho

sígnal from the labelled moiety.

It is also contomplated within thc scopc ofthis invcntion that the nuclcic acid probe

assays ofthis invention may employ a cocktail ofnuoleic acid probes capablc ofdetccting thc

desired polynucleotide sequences of this invention. Thus, in one example to detect the

presence ofpolynucleotide sequences ofthis invention in a cell sample, more than one probe

complementary to a polynucleotide sequences is employed and in particular the number of

different probes is altcrnetively 2, 3, or 5 different nucleic acid probe sequences.

Thc polynuclcotidc sequenccs described hercin þreferably in the form ofprobcs) may

also lrc immobiliscd to a sotid phasc suppofi for the dctection ofßrachyspira species,

including but not limited to ,. hyodysenteria4 B. ìntemedío, B. alvinipulli, B. aahorgi, B.

innocens, B. murdochii, and B. pilosicoli. Alternatively the polynucleotide sequences

described herein will form part ofa library of DNA molecules that may be used to detect

(56%) Q303L3 NAV- 1-163 N1pA lipoprotein of Streptococcus ads 106/312 (33%) 167/312
(53%) Q303L3 NAV- 1164 blipA lipoprotein of Streptococcus sues 112/337 (33%) 198/337
(58%) Q303L3 NAV- 1165 Putative secreted protein of Streptotnyces violaceoruber 50/127
(39%) 68/127 



simultaneously a numbcr of diffcrcnt gcncs from llrachy,ipird specics, such as IJ.

hyodysenteriae. In a furthcr altemate form ofthc invcntion polynuclcotidc sequcnccs

described hcrcin togcthcr with other polynuoleotide scquenocs (such as lrom othcr bactcria or

viruses) may be immobilised on a sotid support in such a manner permitting idcntification of

5 the presence of à lJrochyspira species, such as /Ì. hyodysenteriae andlor any ofthe other

polynucleotide sequences bound onto the solid support.

Techniques for producing immobilised libraries ofDNA molecules have been

desoibed in the art. Generâlly, most prior art methods describe the synthesis of singlc-

stranded nucleic acid motecule libraries, using for example masking techniques to build up

10 various permutations ofsequences at the various discrete positions on the solid substrate

U.S. Patent No. 5,837,832 describes an improved method for producing DNA anays

immobilised to silicon substrates based on very large scale integration technology. ln

patticular, U.S. Patent No. 5,837,832 describes a shategy oalled "tiling" to synthesize specific

sets ofprobes at spatially defined locations on a substrate that mây be used to produced the

I 5 immobilised DNA libraries ofthe present invention. U.S. Patcnt No. 5,837,832 also provides

references for earlier techniques that may also be used. Thus polynucleotide sequence probes

may be synthesised ¿t riir¿¿ on the surface of the substrate.

Altematively, single-stranded molecules may be synthesised offthe solid substrate

and each pre-furmed sequencc applied to a discrete position on the solid substtate. For

20 example, polynucleotide sequences may be printed directly onto the substrate using robotic

devices equþed with either pins or pizo electric devices.

The library sequences are typically immobilised onto or in discrete regions of a solid

substrate. The substrate måy be porous to allow immobilisation within the substrate or

substantially non-porous, in which case the library sequences arc typically immobilised on

25 the surface of thc substratc. The solid substratc may bo madc of any matcrial to which

polypeptides can bind, either directly or indirectly. Examples ofsuitable solid substrates

include flat glass, sificon wafers, mica, ceramics and organic polymers such as plastics,

including polystyrcne and polymethacrylete. It may also be possible to use semi-permeable

membranes such as nihocellulose or nylon mernbranes, which are widely available. The

30 scmi-permeable mcmbrancs may bc mounted on a more robust solid surfacc such as glass.

Thc surfaocs may optionally be coatod with a laycr of metal, such as go[d, platinum or other

tmnsition metal.

Preferably, the solid substratc is generally a material having a rigid or semi-rigid

surfacc. In preferred embodiments, at least one surface of the substratc will be substanlially

(53%) Q849M9 NAV- H66 Toxin (YoeB) of Escherichia coil 42/85 (58%) 60/85 (76%) P69349
NAV- 1167 Outer membrane protein (To1C) 80/350 (20%) 171/350 (39%) Q2Z054 NAV- 1168
Probable hemolysin-related protein of Dehalococcoides sp. 121/415 (29%) 204/415 (49%)
Q3ZYX1 
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flat, although in somc embodimcnts it may bc dcsirablc to physically separate synthesis

regions for diffcrcnt polyrners with, for cxample, raiscd rcgions or etched trcnchcs. It is also

prcfcncd that thc solid substrate is suitablc for the high dcnsity application ofDNA

sequcnces in discrete areas of typically from 50 to 100 pm, giving a density of 10000 to

40000 dots/cm-2.

The solid substrate is conveniently divided up into sections. This may be achieved by

techniques such as photoetching, or by the ûpplicstion ofhydrophobic inks, for example

tellon-bascd inks (Cel-l inc. USA).

Discrete positions, in which each different member ofthe library is located may have

any convenient shape, e.g., circular, rectangular, clliptical, wedge-shaped, etc.

Attechment ofthe polynucleotide sequences to the substrate may be by covalent or

non-covalent means. The polynucleotide sequences may be attached to the substrate via a

layer of molecules to which the library sequences bind. For example, the polynucleotide

sequcnces may be labelled with biotin and the substrate coated wíth avidin ând/or

streptavidin. A convenicnt feature ofusing biotinylated polynucleotide sequences is thet the

efficiency ofcoupling to the solid subshate can be determined easily. Since the

polynucleotide sequences may bind only poorly to some solid substrates, it is often necessary

to provide a chemical interface betwcen the solid substrate (such as in the case ofglass) and

the nucleic acid sequcnces. Examples ofsuitable ohemical interfaces include ltexaethylene

glycol. Another example is the use ofpolylysine coated glass, thc polylysine then being

chemicatly modified using standard procedures to introduce an affinity ligand. Other methods

for ûttaçhing molecules to the surfûces ofsolid substrate by the use of coupling agents are

known in the art, see for examplc lVO98/49557 .

Binding ofcomplemcntary polynucleotide sequcnces to tho immobilised nucleic acid

library may be dctermined by a varicty ofmeans such as changes in ihe optical charactcristics

ofthe bound polynucleotide sequence (Í.e. by the use ofethidium bromide) or by the use of

labelled nucleic acids, such as polypeptides labelLed with fluorophores. Other detection

techniques that do not require the use of labels include optical techniques such as

optoacoustics, reflectometry, €llipsometry and sutface plasmon resonance (see

wo97/49989).

Thus, the present invcntion provides a solid substrate having immobilized thercon at

least one polynucleolide ofthe present inventiou, preferably 1wo or more different

polynucleotide sequences of the present iuvention.

NAV- 1169 Outer surface protein of Bacillus cereus 193/357 (54%) 256/357 (71%) Q4MWS0
NAV- 1170 Membrane associated lipoprotein of Vibrio vulnificus 146/417 (35%) 203/417
(48%) Q2SRL9 NAV- 1171 Surface layer protein ofMethane/sun:bra barkeri 72/201 (36%)
112/201 (49%) 
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Tlìo pÌesent invcntion also can bc uscd as a prophylactic or therapeutic, which may bc

utiliscd for thc purposc of stimulating humoral and ccll mcdiatcd rcsponscs in animals, such

as clrickcns and swine, thereby providing protcction against colonisation wirF. ßrachyspirø

species, including but not limited to B. hyodytienteriae, B. suanatino, B. intermedia, B.

atvÍttipulti, R. aalborgi, Il. ínnocens, Il, murdochü, and B, pilnsicoli- Natutal infection with a

Brachyspira species, such as B. hyodlsenteriae i\duces oirculating antibody titres against the

proteins described herein. Therefore, the amino acid sequences described hercin or parts

thereof, have thc potentiat to form the basis ofa systemically or orally administered

prophylactic or therapoutic to provide protection against intestinal spiroohaetosis.

Accordingly, in one embodiment the present invcntion provides the amino acid

sequences described herein or fragments thereof o¡ antibodies that bind the amino acid

sequences or the po)ynuoleotide sequences described herein in a therapeutically effective

amount admixed with a pharmaceutically acceptable carrier, diluent, or excipicnt.

The phrase "therapeutically effective amount" is used herein to mean an amount

sufficient to reduce by ât least åbout 15%, preferably by åt leasi 50%, moro preforably by et

least 90%, and most preferably prevent, a clinically signihcant deficit in the activity, function

and response ofthe animal host. Altenatively, a thcrapeutically effeotive amount is

suffioient to cause an improvement in a clinically significant condition in the animal host.

The phrase "pharmaceutically acceptable" refers to molecular entities and

compositions that are physiologically tolerable and do not typic¿lly produce an allergic or

similarly untoward reaction, such as gâstric upset and the like, when administe¡ed to an

animal. The term "canier" refers to a diluent, adjuvant, excipient, or vehicle with which the

compound is administered. Such pharmaceutical carriers can be sterile liquids, such as water

and oils, including thosc of pctroleum, animal, vegetablc or synthetic origin, such as peanut

oil, soybean oit, mincrat oil, sesame oil and the likc. Watcr or saline solutions and aqucous

dextrose and glycerol solutions are preferably cmployed as câffíers, partioularly for injectable

solutions. Suiteble pharmaceutical carriers are described in Martin, Remington's

Phatmøceutical Sci¿zc¿s, lSth Ed., Mack Publishing Co., Easton, PA, (1990).

In a more speciftc form ofthe invention there are provided pharmaceutical

compositions comprising therapcuticâlly effective amounts ofthe amino acid scquenccs

described herein or an analogue, fragmont or dcrivative product thereofor antibodics fhcrcto

together with pharmaoeutically acceptable dilucnts, preservatives, solubilizes, emulsifiers,

adjuvanls and/or carriers. Such compositions include diluents ofvaríous buffer content (e.9.'

Tris-HCl, acetate, phosphate), pH and ionic strength and additives such as detergents and

Q8TJE3 NAV- 1172 Lyric murein transglycosylate (possibly outer membrane-bound) 51/141
(36%) 6/141 (53%) P44049  Gene Identity of Protein With Highest Homology Identity (amino
acids) Similarity (amino acids) Accession Number NAV- 1173 Toxin (YoeB) of Escherichia colt
42/84(50%) 
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solubilizing agcnts (c.g., Twccn 80, Polysorbatc 80), ânti-oxidants (e.g., ascorbic acid,

sodium mctabisulfite), preservativcs (e.g., Thimersol, bcnzyl alcohot) and bulking strbstances

(e.g.,lactosc, mannitol). The matclial may be incorpotated into pârticulatc prcparations of

polymeric compounds such as polylactic acid, polyglycolic acid, eto. or into liposomes.

llylauronic acid may also be used. Such compositions may influence the physioal state,

stability, rate of iz vivo release, and rate of in vivo cleara¡ce ofthe present proteins and

derivatives. See, e,g., Martin., Remín.gton's Pharmaceutical Sciences, lSthEd. (1990, Mack

Publishing Co., Easton, PA 18042) pages 1435- l7l2 thet are herein incorporated by

reference. The compositions may be prepared in liquid form, or may be in dried powder,

such as lyophilised form.

Altematively, the polynucleotides ofthe invention can be optimized for expression in

plants (e.g., corn). The plant may be transformcd with plasmids containing the optimized

polynucteotides. Then the ptant is grown, and thc proteins of the invention are expressed in

the plant, or the plant-optimized version is expressed. The plant is later harvested, and the

section of the plant containing the proteins ofthe invention is processed into feed for the

animal. This ¿nimal feed will impart immunity against B ' hyodysenteriae when eaten by the

animal. Examples ofprior art detailing these methods can be found in U.S. Patent 5'914,123

(Amtzen, et al.); U.S. Patent 6,034,298 (Lam, et al.); and U.S. Patent 6,136,320 (Amtzen, et

al.).

tt wilt be appreciated thât phârmâceutical compositions provided accordingly to the

invention may be administered by any means known in the art. Preferably, the

pharmaceutical compositions for admínistration are adrninistered by injection, orally, or by

the pulmonary, or nasal route. The amino acid sequences described herein or antibodies

derived therefrom are more preferably dclivcred by intravenous, intraartcrial, intraperitoneal,

intramuscular, or subcutâneous routcs of administration. Altematively, thc amino acid

sequence described herein or antibodics derived therefrom, properly formulated, can be

administered by nasal or oral administration.

Also encompassed by the present invention is the use ofpolynucleotide sequences of

the invention, âs well as antisense and ribozyme polynucleotide sequences hybridisable to a

polynuclcotidc scquence cncoding an amino acid scquence according to the inventíon, for

manufactu¡c ofa mcdicament for modulation ofa discase associated B' hyodysenteríae.

Polynucleotide sequences encoding antisense constructs or ribozymes for use in

therapeütic methods are desirably administered directly as a nakcd nucleic acid construct.

Uptakc ofnaked nucleic acid constructs by bacterial cells is enhanoed by seve¡al known

62/84 (73%) P69349 NAY- 1174 Outer membrane protein/protective antigen 210/833 (25%)
339/833 (40%) COG4775 NAY- 1122 variable surface protein (VspH) of Brachyspira
hyodysenteriae 29% (133/454) 43% (199/454) AAK14803.1 NAY- 1123 membrane associated
lipoprotein of Mycoplasma tnycoides 
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transfcction tcchniques, for cxamplc thosc includíng thc usc oftransfectiou agcnts. Examplc

ofthesc agents includc catíonic agcnts (for cxarnple calcium phosphate and DEAE-dcxtran)

and lipofcctants. Typically, nucleic acid constructs ârc mixcd with thc transfcctiou agcnt lo

produce a composition.

Alternatively the antisense construçt or ribozymes may be combined with a

pharmaceutically acceptable carriet or diluent to produce a pharmaceutical composition.

Suitable carriers ând dituents include isotonic saline solutions, for example phosphate-

buffered salirte. The composition may be formulated for parenteral, intramuscular,

intravenous, subcutaneous, intraocular, oral or transdermal administration' The routes of

administration described are intended only as a guicle since a skilled practitioner will be able

to determine readily the optimum route of adminístration and any dosage for any particular

anìmal and condition.

The invention also includes kits for screening animals suspected ofbeing infccted

wilh a Brachyspira species, such as B. h.yor)ysenteriae or ta confirm thet an ânimal is infected

will a Bra.chyspiftl species, suoh as ß. hyodysentetiøe ln a further embodiment ofthis

invention, kits suitable for use by a speoialist may bc prepared to determine the presence or

abscnce of Brør:åyspira species, including but not limitedto B. hyodysenteriae, B. suanalínd,

B. intermetlía, Il, alvinipulli, B. aatborgÍ, B. innocens, B. murdot:hii, and B. pilosicolí irt

suspected infected animals or to quantitâtively measure a lìrachyspira species, including but

not limited to B, hyodysenteriae, B. suanalina, B. intermedia B, alvinipulLi, ß. aalborgi and

B. pilosicolí infection. In acco¡dance with the testing techniques discussed above, such kits

can contain at least a labelled version ofone ofthe amino âcid soquences described herein or

its binding partner, for instancc an antibody specific thereto, and directions depending upon

thc mcthod selccted, e.g., "competitivc," "sandwich," "DASP" and thc like. Altcmatively,

such kits cen contain at least a polynuclcotidc sequencc complement¿ry to â portion ofone of

the polynucleotide sequences described herein together with instructiolN for its use. The kits

may also contain peripheral reagents such as buffers, stabilizers, etc'

Accordingly, s test kit for the demonstration ofthe presence ofa Brcchyspira spccies,

including but not limited to ll. hyodysenteriae, B. suãnatina, B' internedia, B alvinipulli, B.

aalborgi, ß. innocens, B, murdochíi, and B. pilosicoli, may contain the following:

(a) a prcdetermined amount of ât least onc lsbclled immunochcmically rcaotivc

component obtaincd by the direct or indirect attachment ofone ofthe amino acid sequences

described herein or a specifìc binding Partner thereto, to a detectable label;

(b) other reagents; and

43% (114/263) 60% (159/263) AAF27178.1 NAY- 1124 Outer membrane lipoprotein of
Geobacter metallireducens 32% (46/142) 53% (76/142) ZP00300921.1 NAY- 1130 surface
antigen (BspA) of Bacteroides forsythus 38% (83/216) 55% (120/216) AAC82625.1 NAY-
1332 



(c) dircctions for use ofsaid kif.

Morc spccifically, the diagnostic tcst kit may contain:

(a) a known amount olonc ofthc âmino acid scqucnces describcd herein as

described above (or a binding partner) gcnerally bound to a solid phase to form an

5 immunosolbent, or in the altemâtìve, bound to a suitable tag, or there are a plural ofsuch end

products, etc;

(b) ifnecessary, other reagenfs; and

(c) directions for use ofsaid test kit.

In a furthe¡ variation, the test kit may contain:

1O (a) a labelled component which has been obtained by coupling one ofthe amino

acid sequcnces described herein to a detectable label;

(b) one or more additional immunochemical reagents ofwhich at least one reagenl

is a ligand or an immobilized lígand, which ligand is sclected from the group consisting of:

(Ð a ligand capabtc ofbinding with the labelled component (a);

15 (iD a ligand capable ofbinding with a bindíng partner ofthe lâbelled

component (a);

(iiÐ a ligand capable of binding with at least one ofthe component(s) to be

determined; or

(iv) a ligand capable ofbinding with at least one ofthe binding partncrs of

20 ¿t least one ofthe component(s) to be determined; and

(c) directions for the performance ofa protocol for the detection and/or

determination ofone or more components of an immunochemical reaction between one ofthe

amino acid sequences described hcrein and a specific binding partner thereto.

25 A genomic library is ptcparcd using an Australian porcine fìcld isolate ofß.

hyotlysenteriae (strain TVAI). This strain has been well-characterised and shown to be

virulent foLlowing experimental challenge ofpigs. The cetyltrirnethylammonium bromide

(CTAB) method is used to prepare high quality chromosomal DNA suitable for preparation

of genomic DNA libraries. B. hyodysenteriae is grown in 100 ml anaerobic trypticase soy

30 b¡oth culture to accll dcnsityof l0e cells/ml. The cclls are harvcstcd at 4,000 xg for l0

minutcs, and the cell pcllct rcsuspended in 9.5 ml TE buffcr' SDS is addcd to a final

concenhation of 0.5 % (w/v), and the cells lysed at 37oC for I hour with 100 pg of Proteinase

K. NaCl is added to a ftnal concentrafion of 0.7 M and 1.5 ml CTAB/NaCI solution (10%

hemolytic protein (H1pA) of Nostoc sp. 35% (49/137) 56% (77/137) NP488469.1 NAV- 1133
hemolytic protein of Prevotella intermedia 54% (64/117) 70% (83/117) AACO5836.1 NAV-
1137 virulence-mediating protein (VirC) of Vibrio parahaemolyticus 36% (58/159) 63%
(101/159) NP800579.1 NAV- 
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wiv CTAB, 0.7 M NaCl) is added before incubating the solution at 65'C for 20 minutes. The

lysate is extracted with an equal volumc of chloroform/isoamyl alcohol, and the tube is

centrifuged at 6,000 x g for 10 minutcs to separate the phases. The aqueous phase is

transferred 1o a fresh tube and 0.6 volumes of iso¡rropanol are added to precipitate the high

molecular weight DNA. The precipitated DNA is collected using a hookcd glass rod and

transferred to a tube containing I ml of 70 % (viv) ethanol. The tube is cent¡ifuged at 10,000

x g and the pelleted DNA redissolved in 4 ml TE buffer overnight. A cesium chloride

gradiont containing L05 g/ml CsCl and 0.5 mg/ml cthidium bromide is prcparcd using thc

redissolvcd DNA solution. Thc gradicnt is transfcrrcd to 4 ml scalablc ccntrifugc tubcs and

ccntrifuged at 70,000 x g overnight at l5'C. The separated DNA is visualized under an

ultraviolet light, and the high molecular weight DNA is withdrawn from the gradient using a

15-gneedte. The ethidium bromide is removed ftom the DNA by sequential extraction with

CsCl-saturated isopropanol. The purified chromosomal DNA is dialysed against 2 litres TE

buffer and precipiøtcd with isopropanol. The resuspended genomic DNA is sheered using a

GeneMachines Hydroshear (Genomic Solutions, Ann Arbor, MI), and the sheared DNA is

filled-in using Klenow DNA polymerasc to gcneratc blunt-cnd fragmcnts. One hundrcd ng of

the blunt-end DNA ftagmenls is ligated with 25 ng of pSMART VC vector (Lucigen,

Meddleton, WI) using Clonesmart DNA ligase. The ligated DNA is then electroporated into

/?-. coli electrocompetent cells. A small insert (2-3 kb) library and medium insert (3- 10 kb)

library is constructed into the low copy version ofthe pSMART VC vector.

Genomic sequencing

After the genomic library is obtained, individual clones of ¿'. coli containing the

pSMART VC vector arc picked. The plasmid DNA is purificd and sequenced. The purifïcd

plasmids arc subjcotcd to automated direct sequcncing ofthc pSMART VC vcctor using the

forward and reverse primers specific for the pSMART VC vector. Each sequencing reaction

is perfomed in a l0 ¡rl volumc oonsisting of 200 ng of plasmid DNA, 2 pmol of primer, and

4 pl of the ABI PRISMru BigDye Terminator Cycle Sequencing Ready Reaction Mix @E

Applied Biosystems, Fostcr Cily, CA). Cycling conditions involve a 2 minute dcnaturing stcp

at 96"C, followed by 25 cycles of denaturatíon at 96oC for l0 seconds, and a combined

primer annealing and cxtension step at 60oC fo¡ 4 minutes. Residual dye tctminators are

removed from the sequencing pÌodrcts by precipitation with 95% (v/v) ethanol containing 85

mM sodium âcetâte (pH 5.2),3mM EDTA þl{ 8), and vacuum dried. Theplasmids are

1140 Lytle murcin Iransglycosylase (contains LysM/invasin domains) 26% (120/449) 41%
(185/449) ZP00146104.1 NAV- 1141 surface antigen BspA of Bacteroides forsydzus 41%
(84/201) 57% (115/201) AAC82625.1 NAV- 1143 Hemolysins and related proteins of
Analmeria variabilis 35% (150/425) 56% (242/425) 
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scquonccd in duplicatc using cach primcr. Scquencing products arc analyscd using an ABI

3734 DNA Scqucncer (PD Applied Biosystoms).

Annotation

PaÍial genome sequences for B. hyo(lysenteriãe are assembled and anlìotated using a

range ofpublic domain bioinformatics tools to analyse and re-analyse the sequences as part

ofa quality assurancc proccdure on data analysis. Open reading frames (ORFs) are predicted

using a variety of programs including GeneMark, GLIMMER' ORPHEUS, SELFID and

GetORF. Putative ORFs are examined for homology (DNA and protein) with existing

international databases using searches inoluding BLAST and FASTA. All the predicted ORFs

are analysed to determine their cellular localisation using prograrns including PSI-BLAST,

FASTA, MOTIFS, FINDPATTERNS, PHD, SIGNALP and PSORT. Databases including

Interpro, Prosite, ProDom, Pfam and Blocks a¡e used to predict surfaoe associated proteins

suoh as transmembrane domains, leader peptides, homologies to known surface proteins,

tipoprotein signature, outer membrane anchoring motifs and host cell binding domains.

Phylogenetic and other molecular evolution analysis is conducted with the identified gcnes

and with other species to assist in the assignment of function. The ir sillco analysis ofboth

palially sequenced genomes produces a comprehensive list ofall the predicted ORFs present

in the sequence data available. Each ORF is intenogated for descriptive information such as

predicted molecular weight, isoelectric point, hydrophobicity, and subcellular locâlisotion to

enable correlation with the ¡n vítro propertics ofthe native gene product. Predicted genes

which encode proteins similar to surface localized components ¿nd/or virulence factors in

other pathogenic bacteria are selected as potential vaccine targets.

Bioinformatics results

Thc shotgun sequcncing ofthe ð. hyodysenteriae gcnome results in 94.60ó (3028.6 kb

out of a prcdictcd 3200 kb) ofthe genomc beíng sequenced.Thc B. hyodysenteriae sccluencc

is comprised of294 contigs with an average contig size of 10.3 kb. For B. hyotlysenteriae,

2,593 open-reading frames (ORFs) are predicted from the 294 contigs. Comparison ofthe

predicted ORFs with genes present in the nucleic acid and protein databases indicate that

approximately 70% ofthe ORFS havc homology with genes contained in the public

databases. The remaining 30% ofthe predicted ORFs have no known identíty.

Vaccine candidatcs

To help reduce the number ofORFs that would be tested as a vaccinc candidate,

ORF's showing reasonable homology (E-value less than e'15) with outer surface proteins,

secreted proteins, and possible virulence f{ìctors present in public databases are selected as

ZP00162711.2 NAY- 1144 outer membrane porin of Leptospira interrogans 20% (79/393)
41% (163/393) YP001419.1 NAV- 1145 virulence factor (MviN) protein of Geobacter
sulfurreducens 32% (153/469) 49% (231/469) NP952225.1  The DNA and amino acid
sequences of NAV-H54 are found in SEQ ID NOs: I and 2, 5 respectively. The DNA and
amino acid sequences of NAV-H55 are found in SEQ ID NOs: 3 and 4, respectively. The DNA
and amino acid sequences of NAV-I156 are found in SEQ ID NOs: 5 and 6, respectively. The
DNA and amino acid sequences of NAV-H57 are found in SEQ ID NOs: 7 and 8, respectively.
The DNA and amino acid sequences of NAV-H58 are found in SEQ ID NOs: 9 and 10,
respectively. The DNA and amino acid sequences of NAV- 10 H59 arc found in SEQ ID NOs:
11 and 12, respectively. The DNA and amino acid sequences of NAV-1360 are found in SEQ
ID NOs: 13 and 14, respectively. The DNA and amino acid sequences of NAV-H61 are found
in SEQ ID NOs: 15 and 16, respectively. The DNA and amino acid sequences of NAY-H62
are found in SEQ ID NOs: 17 and 18, respectively. The DNA and amino acid sequences of
NAV-H63 are found in SEQ ID NOs: 19 and 20, 15 respectively. The DNA and amino acid
sequences of NAV-H64 are found in SEQ ID NOs:  



potcntial vaccinc cândidatcs. Of thc 2,593 ORFs obtaincd in thc genotnic shotgun

scqucncing, many passod this tcst but thc rcsults ofthirty-threo genes arc prcsclìtcd hcïe.

Tablc I shows thirty-throc gones selectcd as potcntial vaccine târgcts and thcir similarity with

ofher known amino acid sequences obtained from SWISS-PROT database. It is noted that

the percent identity of amino acids does not râise above 58% whilc the pcrcent similarity or

homology of amino aoids remains less than 7l%, thus indicating that these ORFs are unique
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(roo/"\
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Outcr surfacc protoiÍt of Racillu$ cereus
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2s61357
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Membràns assooiatod lipoprotein of
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fî{o/"\

203/4t7
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NAV-
H7l

Surface layer prolein of Mcthanosurcìna
ht ¿pi

72/2ot I t2l20l
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NAV.
ta1,

LyÍi0 murein ardnsglycosylate (poss¡bly

^-+." -.*!,""rê-t.^"-r\
slll4l 6lt4t (s3vù P44u4.)

21 and 22, respectively. The DNA and amino acid sequences of NAV-H65 are found in SEQ
ID NOs: 23 and 24, respectively. Thc DNA and amino acid sequences of NAV-H66 are found
in SEQ ID NOs: 25 and 26, respectively. The DNA and amino acid sequences of NAV-H67
are found in SEQ ID NOs: 27 and 28, respectively. The DNA and amino acid 5 sequences of
NAV-H68 are found in SEQ ID NOs: 29 and 30, respectively. The DNA and amino acid
sequences of NAV-H69 are found in SEQ ID NOs: 31 and 32, respectively. The DNA and
amino acid sequences of NAV-H70 are found in SEQ ID NOs: 33 and 34, respectively. The
DNA and amino acid sequences of NAV-H71 are found in SEQ ID NOs: 35 and 36,
respectively. The DNA and amino acid sequences of NAV-H72 are found in SEQ 10 ID NOs:
37 and 38, respectively. The DNA and amino acid sequences of NAV-H73 are found in SEQ
ID NOs: 39 and 40, respectively. The DNA and amino acid sequences of NAV-H74 are found
in SEQ ID NOs: 41 and 42, respectively.       The DNA and amino acid sequences of
NAV-H22 are found in SEQ ID NOs: 43 and 44, respectively. The DNA and amino acid
sequences of NAV-H23 are found in SEQ ID 15 NOs: 45 and 46, respectively. The DNA and
amino acid sequences of NAV-H24 are found in SEQ ID NOs: 47 and 48, respectively. The
DNA and amino acid sequences of NAV-H30 are found in SEQ ID NOs: 49 and 50,
respectively. The DNA and amino acid sequences of NAV-H32 are found in SEQ ID NOs: 51
and 52, respectively. The DNA and amino acid sequences of NAV-H33 are found in SEQ ID
NOs: 53 and 54, respectively. The DNA and 20 amino acid sequences of NAV-H37 are found
in SEQ ID NOs: 55 and 56, respectively. The DNA and amino acid sequences of NAV-H40
are found in SEQ ID NOs: 57 and 58, respectively. The DNA and amino acid sequences of
NAV-H41 are found in SEQ ID NOs: 59 and 60, respectively. The DNA and amino acid
sequences of NAV-H43 are found in SEQ ID NOs: 61 and 62, respectively. The DNA and
amino acid sequences of NAV-H44 arc 25 found in SEQ ID NOs: 63 and 64, respectively. The
DNA and amino acid sequences of NAV-H45 are found in SEQ ID NOs: 65 and 66,
respectively.      To further reduce the number of OREs that would be tested as a vaccine
candidate, gene products predicted by the in silico analysis to be localised in the cytoplasm or
inner membrane of the spirochaete are abandoned. As a result, twenty one of the thirty three
genes 30 presented in Table 1 arc further analysed. These include NAV-H58, NAV-H60,
NAV-H62, NAV-H64, NAV-I166, NAV-H67, NAV-H69, NAV-H71, NAV-H73, NAV-H22,
NAV-H23, NAV-H24, NAV-H30, NAV-H32, NAV-H33, NAV-H37, NAV-H40, NAV-H41,
NAV-I143, NAV-1144, and NAV-H45.  Analysis of gene distribution using polymerase chain
reaction (PCR)        One or two primer pairs which anneal to different regions of the target
gene encoding region are designed and optimised for PCR detection. Individual primers are
designed using Oligo Explorer 1.2 and primer sets with calculated melting temperatures of
approximately 5 55-60C are selected. These primers sets are also selected to generate PCR
products greater than 200 bp. A medium-stringency primer annealing temperature of 50C is
selected for the distribution analysis PCR. The medium-stringency conditions would allow
potential minor mismatched sequences (because of strain differences) occurring at the primer
binding sites to not affect primer binding. Distribution analysis of the twenty one B.
hyodysenteriae target 10 genes are performed on 23 strains of B. hyodysenteriae, including
two strains which have been shown to be avirulent. PCR analysis is performed in a 25 1.11
total volume using Taq DNA polymerase (Biotech International, Thurmont, MD). The
amplification mixture consists of lx PCR buffer (containing 1.5 mM of MgC12), 1 U of Taq
DNA polymerase, 0.2 mM of each dNTP (Amersham Pharmacia Biotech, Piscataway, NJ),
0.514M of the primer pair, and 151121 purified chromosomal template DNA. Cycling
conditions involve an initial template denaturation step of 5 minutes at 94C, follow by 35
cycles of denaturation at 94C for 30 seconds, annealing at 50C for 15 seconds, and primer
extension at 68C for 4 minutes. The PCR products are subjected to electrophoresis in 1%
(w/v) agarose gels in lx TAE buffer (40 mM Trig-acetate, 1 mM EDTA), staining with a 1
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Thc DNA and amino acid sequences ofNAV-H54 arc found in SEQ ID NOs: I and 2,

respectively. The DNA and amino aoid sequenccs ofNAV-H55 âre found in SEQ ID NOs: 3

and 4, respectively. The DNA and emino acid sequenoes of NAV-H56 are found in SEQ ID

NOs: 5 and 6, respectively. The DNA ànd amino acid sequences ofNAV-H57 ¿re found in

SEQ ID NOs: ? and 8, respectively. The DNA and amino acid sequences of NAV-H58 are

found in SEQ ID NOs: 9 and 10, respectively. The DNA and amino acid sequences ofNAV-

H59 are found in SEQ ID NOs: I I and 12, respectivcly. Thc DNA and amino acid sequenccs

ofNAV-H60 are found in SEQ ID NOs: 13 and 14, respectively. The DNA and amino acid

sequenoes ofNAV-H61 are found in SEQ ID NOs: l5 and 16, respectively. The DNA and

amino acid seqûences ofNAV-H62 ere found in SEQ ID NOs: l7 and 18, respectively. The

DNA ând amino acid sequences ofNAV-H63 are found in SEQ ID NOs: 19 and 20,

rcspectively. Thc DNA and amino acid sequences of NAV-H64 e f:ouud in SEQ ID NOs:

Primer name Primer Sequence (5'-3') NAV-1-122 H22-F4 AAACG ii i ATATTTTATTTTATC
(SEQ ID NO: 67)  1122-R1308 AAACTTCCAAGTGATACC (SEQ ID NO: 68) NAV-H23
H23-F4 AAATATAAACCTACAAGCAG (SEQ ID NO: 69)  H23-R2366 AATA i I i
CAGTTAATCTAAAATC (SEQ ID NO: 70)   NAV-1124 1124-F19 ACTII AATCTFIGTATTAA i
i1TG (SEQ ID NO: 71)  1124-R729 TTGTTTTAATTTGATAATATCAG (SEQ ID NO: 72)
Gene 
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2l and 22, rcspectivcly. Thc DNA and atnino acid scquenccs ofNAV-H65 arc found in SEQ

ID NOs: 23 and 24, respectivcty. Thc DNA and amino acid sequences of NAV-H66 arc

found in SEQ ID NOs: 25 and 26, rcspcctivcly Thc DNA and amino acid scqucnccs of

NAV-H67 are found in SEQ ID NOs:27 and 28, respectively The DNA and amino acid

sequences ofNAV-H68 are found in SEQ lD NOs: 29 and 30, respectively. The DNA and

amino acid sequences ofNAV-I169 are found in SEQID NOs:31 and 32, respectively' The

DNA and amino acid sequences ofNAV-H70 are found in SEQ ID NOs: 33 and 34,

respectively. The DNA and amino acid sequences of NAV-H7 t are found in SEQ ID NOs:

35 and 36, respectively. The DNA and amiuo acid sequcnces of NAV-H72 arc found in SEQ

ID NOs: 37 and 3[ì, respectively. The DNA and amino acid sequences of NAV-I{73 are

found in SEQ ìD NOs: 39 and 40, respectively. The DNA and amino acid sequences of

NAVJIT4 are found in SEQ ID NOs:41 and 42, rcspectively.

The DNA and amino acid sequences of NAV-H22 are found in SEQ ID NOs: 43 and

44, respectively. The DNA and amino acid sequences of NAV-I123 are found in SEQ ID

NOs: 45 and 46, respêctively. The DNA and amìno acid sequences ofNAV-H24 arc found

in SEQ ID NOs: 47 and 48, respectively. The DNA and amino acid sequences ofNAV-H3O

are found in SEQ ID NOs: 49 and 50, respectively. The DNA and amino acid sequences of

NAV-H32 are found in SEQ ID NOs: 5l and 52, respectively. The DNA and amino acid

sequences ofNAV-H33 are found in SEQ lD NOs: 53 and 54, respectively. The DNA and

amino acid sequences of NAV-H37 are found in SEQ ID NOs: 55 and 56, respectively' The

DNA and amino acid sequences ofNAV-H40 are found in SEQ ID NOs: 57 an<t 58'

respectively. The DNA and amino acid sequences ofNAV-H4l are found in SEQ ID NOs:

59 and 60, respectively. The DNA and amino acid sequences ofNAVJ:I43 are found in SEQ

ID NOs: 6l and 62, respectivcly. Thc DNA and amino acid sequcnccs ofNAV-H44 arc

found in SEQ ID NOs: 63 and 64, rcspcctively. Thc DNA and amino acid scquences of

NAV-H45 are found in SEQ ID NOs: 65 and 66, respectively'

To further reduce the number of ORFs thât \ryould be tested as a vâocine cândidate,

gene products predicied by the in silico analysis to be localised in the cytoplasm or inner

membrane ofthe spirochaete are abandoned. As a result, twenty one ofthe thirty three genes

prcsented in Tablc I arc further analysod. Thcse include NAV-H58, NAV-H60' NAV-H62'

NAV-H64, NAV-H66, NAV-H67, NAV-H69, NAV.H7I, NAV-H73, NAV-H22' NAV-II23'

NAV-H24, NAV-H30, NAV.H32, NAV-H33, NAV-H37, NAV-H4o, NAV-H41' NAV-H43'

NAV-H44, and NAV-H45.

Primer name Primer Sequence (5'-3') NAV-H30 1130-F4
AAAAAAATTATTTTATTAATATTTATATT (SEQ ID NO: 73)  1130-R969
TTCTCTTATAATC1T1ACAGTTG (SEQ ID NO: 74) NAV-H32 1132-F4
CATATTTCTGGTGATTCTC (SEQ ID NO: 75)  H32-R564 liii I IGATAAATAAO1TFTTITAflTG
(SEQ ID NO: 76) NAV-H33 1133-F4 1 VIAATACTCCTATATTAflAATTATTF (SEQ ID NO: 77)
H33-R396 AAGGAGAATCACCAGAAA (SEQ ID NO: 78) NAV-H37 1137-F4
AATGATATTATTAAAGTGATAAA (SEQ ID NO: 79)  
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Analvsis of gcnc distribution using polymerasc chain rcaction (PCR)

One or two primer pairs whioh anlreal to differcnt rcgions oftho targct gene oncoding

region are dcsigned and optimiscd forPCR dctcction. Individual primcrs are designcd using

Oligo Explorer 1.2 and primer sets with calculated melting temperatures ofapproximately

55-60oC are sclccted. Thcsc primcrs scts src also selcctcd to gcnerate PCR products groatcr

thân 200 bp. A medium-stringency primer annealing tomperature of 50'C is selected for the

distribution analysis PCR. The medium-stringency conditions would allow potential minor

mismâtohcd scqucnccs (becausc ofstrain differenccs) ooourring at thc primcr binding sites to

not affect primer binding. Distributiou analysis ofihe twenty one B. hyodysenleriae target

genes are perf:ormed on 23 strains ofB. hyotlysenteriae, including two strains which have

been shown to be avirulcnt. PCR analysis is perfotmed in a 25 p[ total volume using ?aq

DNA polymerase (Biotech Intemational, Thurmont, MD). The ampliflrcation mixture consists

of lx PCR buffer (containing 1.5 mM of MgCþ), I U of ?'¿4 DNA polymerase, 0.2 mM of

each dNTP (Amersham Pharmacia Biotech, Pisoataway, NJ)' 0.5 pM ol'the primer pair, and

I pt purified chromosomål template DNA. Cycling conditions involve an initial template

dcnaturâtion step of 5 minutes at 94oC, follow by 35 cycles ofdenaturation at 94oC for 30

seconds, annealing at 50"C for 15 seconds, and primer extension at 68'C for 4 minutes. The

PCR products are subjected to electrophoresis in 1% (w/v) agarose gels in 1x TAE buffer (40

mM Tris-âcetate, I mM EDTA), staining with a I pglml ethidium bromide solution and

viewing over IfV light.

The primers used for eighteen gcnes (out of twenty one) are indicated in Table 2. Of

these eighteen genes, three of them (NAV-H23, NAV-H4I and NAV-H71) are present in

83% of the ß. hyo(lysenteriae stlaíns tested; three of them (NAV-H24, NAV-H3O and NAV-

H73) are present in 87% ofthe strains tested, sevcn ofthem (NAVJt22, NAV-H32' NAV-

H33, NAV-H37, NAV-I{43, NAV-H64 and NAV-H69) are present in 91%io of the strains

tested, and three of them (NAV-H40, NAV-H44, and NAV-H45) are present in 100% of the

strains tcsted. The remaining threc genes are present in loss thân 80% ofthe B.

h.yodysenteride sfrains tested. The poor distribution ofthcsc gcnes makcs thcm lcss useful as

a vaccine subunit. For this reason, furlher analysis ofthese genes has been abandoned.

Gene Primcr nâme Primer Seouence 15'-3'l
NAV-H22 H22-F4 Â À À aGTT'raTATTTI'ÀTTT-IATC ISEO ID NO: 67)

H22-R1308 AAACTTCCAAGTGATACC (SEQ lD NO: 68)

NAV-H23 H23-F4 AAAT,ATAAACC"TACAAGCAG (SEO ID NO: 69)

H23-R2366 AATATTTCAGTTAATCTAAAATC (SEQ ID NO: 70)

H37-R825 AAAATCTAATATAACGGATT (SEQ ID NO: 80) NAV-H40 H40-F16
AAATATGCT'TCCATTATAGG (SEQ ID NO: 81)  1140-111815 ACT I 1
TAGGAAGAAGTTTAAC (SEQ ID NO: 82) NAV-H41 1141-1719 TATA 1111 CATTATATA
111 ATTAG (SEQ ID NO: 83)  1141-1(1067 CTAGGCATAGATTTTCCA (SEQ ID NO: 84)
NAV-H43 H43-F46 TTTGCCATGTCGGAAATTGCAG (SEQ ID NO: 85)  1143-1(1236
TATTCTAGCACCGTCCATATC (SEQ ID NO: 86) NAV-1144 1144-143
GTATGTTTATATGCTCAGGATAC (SEQ ID NO: 87)  AACAGCAGCACTATCTTGTAA (SEQ
ID NO: 88)  



NAV-H24 H24-Ft q AC.I-|TAATCI-I-I.GTATTAATTTTG (SEQ ID NO: 7

f124-Ii729 TICTTTTAATTTGATAATATCAG (SEQ ID NO: 72)

Genc
rnmcr
name

Primer Sequence (5'-3')

NÄ.V-H30 H30,F4 AAAAAAATTATTTTATTAATAT'I.TATATT (SEQ ID NO: 73)

Hi0-R969 TICTCTTATAATCTTTACAGTTG (SEQ ID NO: 74)
NAV-HJ2 H1?.-F4 CATATT-rCTCGTGATTCTC (SEQ ID No: 75)

H32-R564 TTTTTTCATAAATAAGTTTTTTATTTG (SEQ ID NO: 76)

NAV-H33 H33-F4 TT.IA ATACTCCTATATTATTAÄ.TTATTT (SEO ID NO: 77)

H33-R396 AACGAGAATCACCAGAAA (SEQ lD NO: 78)

NAV-HJ7 H?7-F4 AATGATATTATTAAAGTGATAAA (SEQ ID NO: 7')
H37-R825 AAAATCTAATATAACGGATI' (SEO ID NO: EO)

NAV-H4() H40-Fi Á AAATATGCTICCATTATAGG (SEO ]D NO: 8

H40-R! I f s ACTTTTÂccAAGAAGTTTAAC fSEO ID NO; 82)

NAV-I{41 H41-Fl9 TATATTT.TCATTATATATTTATTAG (SEQ ID NO: 83)

H4l-Rt 0ó7 CTACGCATAGATTTTCCA (SEQ lD NO: 84)

NAV-H43 H4?'-F46 TTTGCCATCTCGGAAATTGCAG (SEO ID NO: 85)
H4 TATTCTAGCACCGTCCATATC (SEO ID NO: E6)

NAV-H44 Í144-F41 GTATGTTTATATGCTCAGCATÂ.C (SEQ lD NO: tl7)
H44-R?_g3 t ,A.ACAGCAGCACTATCTTGTAA (SEO ID NO: 88)

H44-PRO CAGCAGCÀ{CAJAATAATACTACTG (SEQ lD N(): ð9)
H44-R929 TGAATATAAACACCTTCTCTCAAAG (SEO ID NO: 90)

NAV-H45 I{45-F52 AAAATCTCATTGGTAACTACTGTAAG (SEQ ID NO: 9l)
H4s-R1595 CTTCATAATCTGCCTTTAAACATAC (SEQ ID NO: 92)

NAV-H62 H62-F69 ATCTGAGOAA.A.AAACACAAAC (SEQ lD NO; 93)
H62-R866 TCATTACCAGAAAACCATACTC (SEQ ID NO: 94)

NAV.H64 H64-F69 AGGAAATAAAGCTCCTGCTCCTTCAGC (SEQ ID NO: 9s)
H64-R253 GCATAGCAGCAACTTCAGAAGGTCCA ISEO ID NO: 96)

NAV-H66 H66-Ft l4 (:TTATTAATTGGTATAGGAAAACC ISEO iD NO:

Hó6-R200 A ATCTATGT-I'CTTGATTTATTACCC ISEO ID NO:
NAV-H69 H69-F546 AGA AGCTACTTTTGGÄCCTTGCCCTCT (SEO ID NO: 99)

H69-R662 ACÀCAGTCAACACCAAGAGC (SEO ID NO: IOO)

NAV-H7I I].'7 AAACÀGCAGACTACCTGGTG (SEQ ID NO: I O I

I{'71 TGACCATTACTTAC,A.CCGGATACCCCA (SEO ID NO: I02)
t1'71 TTA ATGACTATÄ.TCGCTTTCATACACT-TTC (SEO ID NO: I03)

t7 4l TCÀ ATTCTTCCA.GACATAAAATCACTAAG (SEQ ID NO: IO4)
NAV-I{73 H'ti-t¡:47 TATATAGAGTGGGTATCÁGAAG (SEO lD NO: 105)

H71-R254 TCATAATGGTATTTACAAGATG ISEO ID NO: 106)

nTrcHis nlasmid extraction

Escherichía coli JMl09 clones harboring the pTrcHis plasmid (Invitrogen, Carlsbad'

5 CA) are streaked out from glycerol stock storage onto Luria-Bertani (LB) agar plates

supplemented with 100 mglt ampicitlin and incub¿ted at 37oC for l6 hours A single colony

is used to inoculâte 10 mt ofLB broth supplemented with 100 mg/l ampicillin, and the broth

culture is incubated ât 37"C for 12 hours with shaking. The cntire overnight oulture is

centrifuged ât 5,000 x I for l0 minutes, and the plasmid contained in the cclls is extracted

i0 using the QIAprep Spin Miniprcp Kit (Qiagen, Doncastcr VIC). Thc pellctcd cclls arc

4l

1444-1(2931   1144-F80 CAGCAGCAACAAATAATACTACTG (SEQ ID NO: 89)  1144-R929
TGAATATAAACACCTTCTCTCAAAG (SEQ ID NO: 90) NAV-H45 1145-F52
AAAATOTCATTGGTAACTACTOTAAG (SEQ ID NO: 91)  H45-R1595
CTTGATAATCTGCCTTI'AAACATAC (SEQ ID NO: 92) NAV-1162 H62-F69
ATGTGAGGAAAAAACAGAAAG (SEQ ID NO: 93)  H62-R866
TCATTACCAGAAAACCATACTC (SEQ ID NO: 94) NAV-I164 H64-F69
AGGAAATAAAGCTCCTGCTOCTTCAGC (SEQ ID NO: 95)  1164-R253 
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rcsuspelded with 250 ¡rl cell rcsuspcnsion buffcr Pl and thcn arc lyscd with thc addition of

250 pl cell lysis buffcr P2. Thc lysed cells arc ncutralizcd with 350 pl ncutralization buffer

N3, and thc prccipitated cell debris is pellctod by ccntrifugation at 20,000 x g for l0 minutcs.

The supematant is transferrcd to a spin column and centrifuged at 10,000 x 3 for I minute.

After discarding the flow-through, 500 pl wash buffer PE is applied to the column and

centrifuged âs before. The flow-through is discarded, and the column is dried by

centrifugation at 20,000 x g for 3 minutes. The plasmid DNA is eluted from the column with

100 pl elution buffer EB. Thc purified plasmid is quantified using a Dynaquant DNA

fluorometer (Hoefer, San Francisco, CA), and the DNA concentration is adjusted to 100

pglml by dilution with TE buffer. The purificd pTrcHis plasmid is storcd at -20'C.

Vector nrenaration

Two pg ofthe purified pTrcHis plasmid is digested at 37"C lor l-4 hours in a total

volume of50 pl containing 5 U of two restriction cnzymes in 100 mM T¡is-llCl 0rH 7.5), 50

mMNaCl, 10mMMgCl2,t mM DTTand 100 ¡rglml BSA. The particular pair ofrestriction

enzJ¡mes usod dopcnds on the sequence ofthe primers and thc sequence ofthe ORF; thc goal

bcing to uso primcrs that would not cut the ORFs. Thc rcshicted vector is veriflred by

electrophoresing i ¡.rl ofthe digestion reaction through a 1% (w/v) agarose gel in lX TAE

buffer at 90V for I hour. The electrophoresed DNA is stained with I pg/ml ethidium bromide

and is viewed over ultraviolet (UV) light.

I-inearised pTrcHis vector is purified using the UltraClean PCR Clean-up Kit (Mo Bio

Laboratoríes, Carlsbad, CA). Briefly, the restriction reaction (50 pl) is mixed with 250 pl

SpinBind buffer Bl, and the entire volume is added to a spin-column. After centrifugation at

8,000 x g for I minute, the flow-through is discarded and 300 ¡Ll SpinClean buffer 82 is

added to the column. The column is centrifuged as before, and the flow-through is discarded

before drying the column at 20,000 x g for 3 minutes. The purihed veclor is eluted fiom the

column with 50 pl TE buffer. Purified linear vector is quantified using a fluorometer, and the

DNA concenhation is adjusted to 50 pglml by dilution with TE buffer. The purified restrícted

vector is stored at -20oC.

Primer design for insert oreparation

Prìmer paírs are designed to amplify as much ofthe coding region ofthe iarget genc

as possible using genomic DNA as the starting point. All primers sequences include terminal

restliction enzyme sites to enable cohesive-end ligation ofthe resultant amplicon into the

tinearised pTrcHis vector, The primers êre testod using Amplify L2 (University of

GCATAGCAGCAACTTCAGAAGGTCCA (SEQ ID NO: 96) NAV-I166 1166-Fl 14
CTTATTAATTGGTATAGGAAAACC (SEQ ID NO: 97)  1166-11200
AATCTATGTTCTTGATTTATTAGCC (SEQ ID NO: 98) NAV-H69 1169-F546
AGAAGCTACITTTGOACCTTGOCCTGT (SEQ ID NO: 99)  1169-1(662
ACACAGTCAACACCAAGAGC (SEQ ID NO: 100) NAV-H71 1171-F568
AAACAGCAGACTAGCTOGTG (SEQ ID NO: 101)  1171-R773
TGACCATTACTTACACCGGATACCCCA (SEQ ID NO: 102)  1171-F37
TTAATGACTATATCGCTTTCATACACTITC (SEQ ID NO: 103)  1171-RI 241
TCAATTCTFCCAGACATAAAATCAGTAAG (SEQ ID NO: 104) 



Wisconsin, Madisorr, WI) and thc thcorciical amplicon sequence is inscficd into the

appr.opriate position in thc pTrcHis vector scqucncc. Dcduccd translation ofthe chimcrjc

pTrcHis cxpression casscttc is pcrfbrmcd using vcctor NTI vcrsion 6 (InfotMax) to confirm

that the gene insefts would bc in thc correct reading frame. Table 3 also provides the gene

size, the protein size, the predicted molecular weight ofthe native prolein in daltons ând the

predicted pI ofthe protein. It is noted that thc histidine-füsion ofthe recombinant protein

adds approximately 4 kDa to the native protein's predicted molecular weight'

Table 3

lo

15

20

25

Amnlification ofthe sene inserts

Using genomic DNA, all target gene inserts are amplificd by PCR in a 100 pl total

volume using Za4 DNA polymerase (Biotech International) and P/r DNA polymerase

(Promega, Madison, wI). The amplifrcation mixture consists of lx PCR buffer (containing

1.5 mM of MgCþ), I U of ?'44 DNA polymcrasc, 0.01 U l,l DNA polymerase, 0'2 mM of

each dNTP (Amersham Pharmacia Bíotech), 0.5 pM ofthe appropriate primer pair and 1 pl

ofpurihed chromosomaf DNA. The chromosomal DNA is prepared from the sâme lì'

hyot\ysenteriae sLlain used for genome sequencing. cycling conditions involve an initial

template denahrration step of5 minutes at 94oc, followed by 35 cycles ofdenaturation at

94"C for 30 seconds, annealing at 50oC for l5 seconds, and primer extension at ótl"C for 4

minutes, The PCR products are subjected to elcctrophoresis in l% (w/v) agarosc gels in lx

TAE buffer, are stained with a I pglmt ethidiüm bromide solution and are viewed over uv

tight. After verifying the presence ofthc correct siz-e PCR product, the PCR reaction is

purifred using the UltraClean PCR Clean-up Kit (Mo Bio Laboratories, Carlsbad, CA) The

PCR reaction (100 ¡il) is mixed with 500 pt SpinBind buffer Bl, and the entire volume is

added to a spin-column. After centrifugation at 8,000 x g for 1 minute, thc flow-through is

Genc
Gcne sizc

fhn\
Protein size Predicted MW of

nativc nrotein (Da) Predicted pI

NAV-H4O lfìt5 605 9't,733 9.4853

NAV-H4I 1068 356 39,870 5.2168

NAVfi44 2940 980 3,722 5.r864

NAV.H62 l0t4 338 37642 4.3944

NAV-H64 r0l I 33't 36468 4.49s3

NAV-H66 264 88 t0629 9.3027

NAV-Hó9 t080 3ó0 4t525 5.7123

N,AV,H73 258 86 tosz'l 9.5920

NAV-1173 H73-F37 TATATAGAGTGOOTATCAGAAG (SEQ ID NO: 105)  H73-R254
TCATAATOGTAII1ACAAGATO (SEQ ID NO: 106)  pIrcHis olasmid extraction  Escherichia
coli JM109 clones harboring the pTrcHis plastnid (Invitrogen, Carlsbad, 5 CA) are streaked
out from glycerol stock storage onto Luria-Bertani (LB) agar plates supplemented with 100
mg/1. ampicillin and incubated at 37C for 16 hours. A single colony is used to inoculate 10 ml
of LB broth supplemented with 100 mg/1 ampicillin, and the broth culture is incubated at 37C
for 12 hours with shaking. The entire overnight culture is centrifuged at 5,000 x g for 10
minutes, and the plasmid contained in the cells is extracted 10 using the Q1Aprep Spin
Miniprep Kit (Qiagen, Doncaster VIC). The pelleted cells are  resuspended with 250 pl cell
resuspension buffer PI and then are lysed with the addition of 250 pl cell lysis buffer P2. The
lysed cells are neutralized with 350 pl neutralization buffer N3, and the precipitated cell debris
is pelleted by centrifugation at 20,000 x g for 10 minutes. The supernatant is transferred to a
spin column and centrifuged at 10,000 x g for 1 minute. 5 After discarding the flow-through,
500 pi wash buffer PE is applied to the column and centrifuged as before. The flow-through is
discarded, and the column is dried by centrifugation at 20,000 x g for 3 minutes. The plasmid
DNA is eluted from the column with 100111 elution buffer ER. The purified plasmid is
quantified using a Dynaquant DNA fluorometer (Hoofer, San Francisco, CA), and the DNA
concentration is adjusted to 100 10 jig/m1 by dilution with TE buffer. The purified pTrcHis
plasmid is stored at -20C. Vector preparation        Two pg of the purified pTrcHis plasmid is
digested at 37C for 1-4 hours in a total volume of 50 pi containing 5 U of two restriction
enzymes in 100 mM Tris-FICI (pH 7.5), 50 mM NaCI, 10 mM MgCl2, 1 rnM DTT and 100
pg/m1 BSA. The particular pair of restriction 15 enzymes used depends on the sequence of
the primers and the sequence of the ORE; the goal being to use primers that would not cut
the ORFs. The restricted vector is verified by electrophoresing 1 p.I of the digestion reaction
through a I% (w/v) agarose gel in 1X TAE buffer at 90V for 1 hour. The electrophoresed DNA
is stained with 1 jig/m1 ethidium bromide and is viewed over ultraviolet (UV) light.
20Linearised pTrcHis vector is purified using the UltraClean PCR Clean-up Kit (Mo Rio
Laboratories, Carlsbad, CA). Briefly, the restriction reaction (50 11.1) is mixed with 250 gl
SpinBind buffer B1, and the entire volume is added to a spin-column. After centrifugation at
8,000 x g for 1 minute, the flow-through is discarded and 300 p.1 SpinClean buffer 132 is
added to the column. The column is centrifuged as before, and the flow-through is discarded
25 before drying the column at 20,000 x g for 3 minutes. The purified vector is eluted from the
column with 50 p1 TE buffer. Purified linear vector is quantified using a fluorometer, and the
DNA concentration is adjusted to 50 jig/m1 by dilution with TE buffer. The purified restricted
vector is stored at -20C. 
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discardcd, and 300 pl SpinClcan buffcr B2 is addcd to thc column. The column is ccntrifugcd

as before and the flow-through is discarded bcfore drying the column at 20,000 x g for 3

minutes. Thc purified vcctor is elutcd from thc column with 100 ¡rl TE buffer.

Thirty pl of the purified PCR product are digested in a 50 pl totâl volume with I U of

each restriction enzyme compatible with the terminal restriction endonuolease recognition

site determined by the cloning oligonucleotide primer. The restriction reaction consists of

100 mM Tris-HCl (pH 7.5), 50 mM NaCl, l0 mM MgClz, I mM DTT and 100 pg/ml BSA

with I U of each restriction enz)'rne at 37oC for l-4 hours. The digested inseft DNA are

purihed using the UltraClean PCR Clean-up Kit (see above). Purified digcsted inseft DNA

are quantified using the fluorometer, and the DNA concentration is adjusied lo 20 pglml by

dilution with TE buffcr. The purified restricted ìnsert DNA are uscd immediately for vector

ligation.

Liqâtion offhe qene inserts into the pTrcHis vector

Ligation reactions are all performed in a total volume of20 pl. One hundred ng of

linearised pTrcHis is incubated with 20 ng ofrestricted insert ai l6'C for ló hours in 30 mM

Tris-HCl (pH 7.8), 10 mM MgCþ, 10 mM DTT and I mM ATP containing I IJ of T4 DNA

ligase (Promega). An identical ligation reaction containing no insert DNA is also included as

¿ vector re-circularisation negative control. The appropriate restxiction enzyme is used for

each reaction.

Transformation of ¡TrcHis ligaiions into E coll cells

Competent E coli JMl09 @romega) cells arc thawed from -80oC storage on ice and

then 50 pl of the cells are transfened into ice-cold t.5 ml microfuge tubes containing 5 pl of

the overnight ligation reactions (equivatent to 25 ng ofpTrcHis vector). The tul¡es are mixed

by gently tâpping the bottom ofeach tube on the bench and left on ice fo¡ 30 minutes. The

cells are then heat-shocked by placing the tubes into a 42'C water bath fo¡ 45 seconds before

retuming the tube to ice for 2 minutes. Thc transformcd cells ¿re recovercd in 1 ml LB broth

for I hour at 37oC with gentle mixing. The recovered cells are harvested et 2,500 x g for 5

minutes, and the cells are resuspendcd in 50 ¡rl of fresh LB broth. Thc cntile 50 pl of

resuspended cells are spread evenly onto â LB agarplate containing 100 mg/l ampicillin

using a sterile glass rod. Plates are incubated at 37oC for l6 hours.

Detection ofrecombinant nTrcHis constructs in -E coll bv PCR

Primer design for insert preparation  30Primer pairs are designed to amplify as much of the
coding region of the target gene as possible using genomic DNA as the starting point. All
primers sequences include terminal restriction enzyme sites to enable cohesive-end ligation of
the resultant amplicon into the linearised pTrcHis vector. The primers are tested using Amplify
1.2 (University of  Wisconsin, Madison, WI) and the theoretical amplicon sequence is inserted
into the appropriate position in the pTrcHis vector sequence. Deduced translation of the
chimeric pTrcHis expression cassette is performed using Vector NTI version 6 (InforMax) to
confirm that the gene inserts would be in the correct reading frame. Table 3 also provides the
gene 5size, the protein size, the predicted molecular weight of the native protein in daltons
and the predicted pI of the protein. It is noted that the histidine-fusion of the recombinant
protein adds approximately 4 kDa to the native protein's predicted molecular weight. Gene
Gene size (bp) Protein size (aa) Predicted MW of native protein (Da) Predicted pI NAV-1140
1815 605 97,733 9.4853 NAV-H41 1068 356 39,870 



10

15

20

30

Twclvc singlc transformant colonics for cach construct ârc strcakcd ollto frcsh LB

Bgar plates containing 100 mg/l ampicillin and incubated at 37'C for l6 hours. A single

colony ftom cach fansformation cvent is rcsuspendcd in 50 pl ofTE buffcr and is boilcd for

I minute. Two pl ofboiled cclls arc uscd as templatc for PCR. Thc amplification mixturc

consists of lx PCR buffer (containing 1.5 mM of MgCþ), 1 U of I-ag DNA polymerase, 0.2

mM of each dNTP, 0,5 pM of the pTrcHis-F primer (5'-

CAATTTATCAGACAÄTCTGTGTG-3' SEQ ID NO: 107) and 0.5 pM ofthe pTrcHis-R

primer (5'-TGCCTGGCAGTTCCCTACTCTCG-3' SEQ ID NO: 108) Cvcling conditions

involve an initial tcmplatc dcnaturation step of5 minutes at 94"C, foltowcd by 35 cycles of

dcnaturation at 94'C for 30 scconds, annealing at 60oC fot 15 scconds, and a primer

extension at 72oC for 1 minute. The PCR products are subjected to electrophoresis in l%

(w/v) agarose gels in I x TAE buffer, are stained with a 1 ¡rg/ml ethidium bromide solution

and arc vicwed over UV light. Cloning of thc various inserts into the pTrcHis exprcssion

vector produces recombinant construcLs ofvarious sizes.

Pilot expression of recombinant His-taqqed nroteins

Five to ten isolated colonies of recombinant pTrcHis construct in ¿1. cttli JM109 arc

inoculated into 3 rnl LB broth in a 5 ml tube containing 100 mgll ampicillin and I mM IPTC

and incubated ¿t 37'C for I6 hours with shaking. The cells arc harvested by centrifugation at

5,000 x g for 10 minutes at 4'C. The supematant is discatded, and each pellet is resuspcndcd

with 10 ¡rl NINTA denaturing þis buffcr (100 mM NaHzPOq, 10 mM Tris-HCl, 8 M urea,

pH 8.0). After vortexing the tube for 1 minute, the cellular debris is pelleted by centrifugation

at 10,000 x 6 for l0 miuute at 4oC. The supernatant is transferred to a new tube and stored at

-20oC until analysis.

Sodium dodec:¡l sulfate potyacrvtamide qel electrophargËis..ÍËD&&lqE)

SDS-PAGE analysis ofprotein is performed using a discontinuous Tris-glycine buffcr

system. Thifty Fl ofprotein sample are mixed with l0 ¡rl of4x sample treatrnent buffer (250

mM Tris-HCl (pH 6.0), S% (w/v) SDS,200 mM DTT,40%(vlv) glycerol and 0.04 % (w/v)

bromophenol blue). Samples are boiled for 5 minutes immediately prior to loading l0 pl of

the sample into wells in the gel. The gel comprises a stacking gel (125 mM Tris-HCl ph 6.8,

4Vo wlv acylamîde, 0.15% v bis-acrylamide and 0.1% w/v SDS) and a separatjng gel (375

mM Tris-HCl ph 8.8,\Zo/ow/v acylamide, 0.31% w/v bis-acrylamide and 0.1% w/v SDS)

These gels are polymerised by the addition of0.l% (v/v) TEMED and 0 05% (w/v) fieshly

prcpared ammonium sulphatc solution and cast info the mini-Protean dual slab ccll (Bio-Rad,

5.2168 NAV-1-144 2940 980 113,722 5.1864 NAV-H62 1014 338 37642 4.3944 NAV-H64
1011 337 36468 4.4953 NAV-H66 264 88 10629 9.3027 NAV-H69 1080 360 41525 
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Hcrcules, Catifomia). Samplcs arc run at 150 V at loom tcmpcraturc (RT) until thc

bromophcnol bluc dye reachcs tlìc bottom of the gcl. P¡e-staincd molecular wcight standards

arc elcotrophorcsed in parallcl with thc samplcs in ordcr to allow molccular wcight

estimations. After electrophoresis, the gel is immediaiely stained using Coomassie Brilliant

Blue G250 (lìio-Rad) or is subjected io electro-trânsfer onto nitrocellulose membrane for

Western blotting.

. Western blot anâlysis

Electrophoretic transfer of separated proteins from the SDS-PAGE gel to

nitrocellulose membrane is performed using the Towbin transfer buffer system After

electrophoresis, the gel is equilibrated in transfer buffer (25 mM Tris, 192 mM glyoine, 20%

v/v methanol, pH 8.3) for 15 minutes. The proteins in the gel are elecho{ransfered to

nitrocellulose membrane (Protran, Schleicher and Schuell BioScience, Inç., Keene, Nl-l)

using the mini-Proteàn transblot eppâratus (Bio-Rad) at 30 V ovemight at 4oC. The freshly

trânsfeffed nitrocellulose membrane containing the separated proteins is blocked with l0 ml

ofhis-buffered saline (TBS) containing 5% (w/v) skim milk powder for I hour at room

temperature. The membrane is washed withTBS containing 0.1% (v/v) Tween 20 (TBST)

and then is incub¿ted with l0 mL mouse anti-his antibody (diluted 5,000-fold with TBST) for

I hour ât room temperalure. After washing three times for 5 minutes with TBST, the

membrane is incubated with 10 mL goat anti-mouse IgG (whole moleoule)-AP diluted 5,000-

fold in TBST for I hour at RT. The membrane is developed using the Alkaline Phosphatase

Subshate Kit (Bio-Rad). The development teaction is stopped by washíng the membrane with

distilled wâter. The membrane is then dried and scanned for presentation

Verification ofreading frame of the recombinant nTrcHis constructs by direct

seoucncc analvsis

Two trânsformant clones for each construct which produced thc concct sizcd PCR

products are inoculated into 10 ml LB broth containing 100 mg/l ampicillin and incubated at

37oC for l2 hours with shâking. The entire ovemight oultures are centrifuged at 5,000 x 6 for

l0 minutes, and fhe plasmid contained in the cells are extracted using the QIAprep Spin

Miniprep Kit æ described previously. The purificd ptasmid is quantified using a fluorometer.

Both purifred plasmids are subjected to automâtod direct sequencing ofthe pTrcHis

expression cassette using the pTrcHis-F and pTrcHis-R primers. Each sequencing reaction is

pcrfotmed in a l0 ¡tl volume consisting of 200 ng of plasmid DNA, 2 pmol of primc¡, and 4

rtl of the ABI PRISMTM BigDyc Tcrminator Cycle Scquencing Rcady Rcaction Mix (PE

5.7123 NAV-1173 258 86 10527 9.5920  10Amplification of thegene inserts        Using
genomic DNA, all target gene inserts are amplified by PCR in a 100 n1 total volume using Taq
DNA polymerase (Biotech International) and Pfu DNA polymerase (Promega, Madison, WI).
The amplification mixture consists of lx PCR buffer (containing 1.5 mM of MgC12), 1 U of 7'aq
DNA polymerase, 0.01 U Pfu DNA polyrnerase, 0.2 mM of 15each dNTP (Amersham
Pharmacia Biotech), 0.5 1..11\4 of the appropriate primer pair and 1 pl of purified
chromosomal DNA. The chromosomal DNA is prepared from the same B. hodysenteriae
strain used for genome sequencing. Cycling conditions involve an initial template denaturation
step of 5 minutes at 94C, followed by 35 cycles of denaturation at 94C for 30 seconds,
annealing at 50C for 15 seconds, and primer extension at 68C for 4 20 minutes. The PCR
products are subjected to electrophoresis in 1% (w/v) agarose gels in lx TAE buffer, are
stained with a 1 jig/m1 ethidium bromide solution and are viewed over UV light. After verifying
the presence of the correct size PCR product, the PCR reaction is purified using the
UltraClean PCR Clean-up Kit (Mo Bio Laboratories, Carlsbad, CA). The PCR reaction (100
pA) is mixed with 500 t1 SpinBind buffer B1, and the entire volume is 25 added to a
spin-column. After centrifugation at 8,000 x g for 1 minute, the flow-through is  discarded, and
300 p1 SpinClean buffer B2 is added to the column. The column is centrifuged as before and
the flow-through is discarded before drying the column at 20,000 x g for 3 minutes. The
purified vector is eluted from the column with 100 l TE buffer. Restriction enzyme digestion of
the gene inserts 5Thirty pi of the purified PCR product are digested in a 50 gl total volume
with 1 U of each restriction enzyme compatible with the terminal restriction endonuclease
recognition site determined by the cloning oligonucleotide primer. The restriction reaction
consists of 100 inM Tris-HCI (pH 7.5), 50 inM NaCI, 10 mM MgCl2, 1 mM DTT and 100 pg/ml
BSA with 1 U of each restriction enzyme at 37C for 1-4 hours. The digested insert DNA are 10
purified using the UltraClean PCR Clean-up Kit (see above). Purified digested insert DNA are
quantified using the fluorometer, and the DNA concentration is adjusted to 20 pg/m1 by
dilution with TE buffer. The purified restricted insert DNA are used immediately for vector
ligation. Ligation of the gene inserts into the nTrcHis vector 15Ligation reactions are all
performed in a total volume of 20 l. One hundred ng of linearised pTrcHis is incubated with 20
ng of restricted insert at I6C for 16 hours in 30 mM Tris-HC1 (pH 7.8), 10 mM MgC12, 10 mM
DT!' and 1 mM ATP containing 1U of T4 DNA ligase (Promega). An identical ligation reaction
containing no insert DNA is also included as a vector re-circularisation negative control. The
appropriate restriction enzyme is used for 20 each reaction. 
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Appticd Biosystcms, Fostcr City, CA). Cycling conditions jnvolve a 2 minutc dcnaturing stcp

at 96'C, followed by 25 cycles ofdenaturation at 96oC for l0 scconds, and a combined

primer annealing and extcnsion step at 60'C for 4 minutes. Rosidual dyc tcm¡nators ârc

removed from the sequencing products by preoipitation with 95% (v/v) ethanol containing 85

mM sodium acetate (pl:l 5.2), 3mM EDTA þH 8), and vacuum dried. The plasmids are

sec¡uenced in duplicate using each primer. Sequencing products are anaLysed using an ABI

3734 DNA Sequencer (PE Applied Biosystems). Nucleotide sequencing ofthe pTrcl{is is

performed to vcri! that the exprcssion casscttc is in thc correct reading framc for cach

constructs.

Exn¡ession and nurification of recombinant His{agged protehls

A single colony ofthe recombinant PTrcHis conshuct in È-. coli JM 109 is inoculated

into 50 ml LB broth in a 250 ml conical flask containing 100 mg/l ampiciltin and inoubated at

37oC for l6 hours with shaking. A 2 I conical flask containing 1 I of LB broth supplemented

with 100 mg/l ampicíllin is inoculated with l0 ml of the ovemight cullure and incubated at

37"C until the optical density ofthe cells at ó00 nm is 0.5 (apprnximately 3-4 hours). The

culture is then induccd by adding IPTG to a final concentration of 1 mM, and the cells arc

returned to 3?'C with shaking. After 5 hours of induction, the culture is transferred to 250 ml

centrifuge bottles, and the bottles are ceuirifuged ât 5,000 x g for 20 minutes at 4oC The

supematant is discarded, and each pellet is resuspended with 8 mt Ni-NTA denaturing lysis

buffer (100 mM NaHzPOq, 10 mM Tris-HCl, I M urea, pH 8.0). The resuspended cells are

stored at -20'C ovemight.

The cell suspension is removed from -20oC storage and thawed on ice. The cell lysate

is then sonicated on ice 3 times for 30 seconds with I minute incubalion on ice between

sonication rounds. The lysed cells are cleared by centrifttgation at 20,000 x g for 10 minutes

at 4oC, and the supernatant is hansfered to a 15 ml column contairting a 0.5 ml bed volume

of Ni-NTA agarose resin (Qiagen). The recombinant Hisó-tagged protein is allowed úo bind to

the resin for I hour at 4oC with end-over-end mixing. The resin is then washed with 30 ml of

Ni-NTA denaturing wash buffer (100 mM NaHzPOq, 10 mM Tris-HCt, I M urea, pH 6.3)

before elution with l2 ml of Ni-NTA denaturing elution buffer (100 mM NaH2POq, l0 mM

Tris-I{Cl, 8 M urea, pH 4.5). Four 3 ml fractions ofthe eluate ate collected and stored at 4oC.

Thirty pl ofeach eluate is treated with I0 pl of4x sâmple treatment buffer and boiled for 5

minutes. The samples are subjected to SDS-PAGE and stained with Coomassie Brilliant Blue

Transformation of pTrcHis ligations into E. coli cells        Competent E. coli JM109 (Promega)
cells are thawed from -80C storage on ice and then 50 pl of the cells are transferred into
ice-cold 1.5 ml microfuge tubes containing 5 pl of the overnight ligation reactions (equivalent
to 25 ng of pTrcHis vector). The tubes are mixed 25 by gently tapping the bottom of each tube
on the bench and left on ice for 30 minutes. The cells are then heat-shocked by placing the
tubes into a 42C water bath for 45 seconds before returning the tube to ice for 2 minutes. The
transformed cells are recovered in 1 ml LB broth for 1 hour at 37C with gentle mixing. The
recovered cells are harvested at 2,500 x g for 5 minutes, and the cells are resuspended in 50
pl of fresh LB broth. The entire 50 III of 30 resuspended cells are spread evenly onto a LB
agar plate containing 100 mg/I ampicillin using a sterile glass rod. Plates are incubated at 37C
for 16 hours. Detection of recombinant pTrcHis constructs in E . coli by PCR  Twelve single
transformant colonies for each construct are streaked onto fresh LB agar plates containing
100 mg/1 ampicillin and incubated at 37C for 16 hours. A single colony from each
transformation event is resuspended in 50 pi of TE buffer and is boiled for 1 minute. Two pl of
boiled cells are used as template for PCR. The amplification mixture 5 consists of lx PCR
buffer (containing 1.5 mM of MgCl2), 1 U of Tag DNA polymerase, 0.2 mM of each dNTP, 0.5
AM of the pIrcilis-F primer (5'- CAATTTATCAGACAATCTGTGTG-3' SEQ ID NO: 107) and
0.5 ftM of the pTrcHis-R primer (5'-TGCCTGGCAGTTCCCTACTCTCG-3' SEQ ID NO: 108).
Cycling conditions involve an initial template denaturation step of 5 minutes at 94C, followed
by 35 cycles of 10 denaturation at 94C for 30 seconds, annealing at 60C for 15 seconds, and
a primer extension at 72C for 1 minute. The PCR products are subjected to electrophoresis in
1% (w/v) agarose gels in lx TAE buffer, are stained with a 1 pg/m1 ethidium bromide solution
and are viewed over UV light. Cloning of the various inserts into the pTrcHis expression vector
produces recombinant constructs of various sizes. 15Pilot expression of recombinant
His-tagged proteins       Five to ten isolated colonies of recombinant pTrcHis construct in E.
call JM109 are inoculated into 3 ml LB broth in a 5 ml tube containing 100 mg/1 ampicillin and
1 mM IPTG and incubated at 37C for 16 hours with shaking. The cells are harvested by
centrifugation at 5,000 x g for 10 minutes at 4C. The supernatant is discarded, and each pellet
is resuspended 20 with 10 pl Ni-NTA denaturing lysis buffer (100 mM NaH2PO4, 10 mM
Tris-HC1, 8 M urea, pH 8.0). After vortexing the tube for I minute, the cellular debris is
pelleted by centrifugation at 10,000 x g for 10 minute at 4C. The supernatant is transferred to
a new tube and stored at -20C until analysis. Sodium dodecyl sulfate polvacrylamide gel
electrophoresis (SOS-PAGE) 25 SDS-PAGE analysis of protein is performed using a
discontinuous Tris-glycine buffer system. Thirty p.1 of protein sample are mixed with 10 p.1 of
4x sample treatment buffer (250 mM Tris-HC! (pH 6.0), 8% (w/v) SDS, 200 mM DTT, 40%
(v/v) glycerol and 0.04 % (w/v) bromophenol blue). Samples are boiled for 5 minutes
immediately prior to loading 10 l of the sample into wells in the gel. The gel comprises a
stacking gel (125 mM Tris-HC1 ph 6.8, 30 4% w/v acylamide, 0.15% w/v bis-acrylamide and
0.1% w/v SDS) and a separating gel (375 mM Tris-HC1 ph 8.8, 12% w/v acylamide, 0.31%
w/v bis-acrylamide and 0.1% w/v SDS). These gels are polymerised by the addition of 0.1%
(v/v) TEMED and 0.05% (w/v) freshly prepared anunonium sulphate solution and cast into the
mini-Protean dual slab cell (Bio-Rad,  Hercules, California). Samples arc run at 150 Vat room
temperature (RT) until the bromophenol blue dye reaches the bottom of the gel. Pre-stained
molecular weight standards are elcctrophoresed in parallel with the samples in order to allow
molecular weight estimations. After electrophoresis, the gel is immediately stained using
Coomassie Brilliant 5Blue G250 (Bio-Rad) or is subjected to electro-transfer onto
nitrocellulose membrane for Western blotting. Western blot analysis Electrophoretic transfer of
separated proteins from the SDS-PAGE gel to nitrocellulose membrane is performed using
the Towbin transfer buffer system. After 10 electrophoresis, the gel is equilibrated in transfer
buffer (25 mM Tris, 192 mM glycine, 20% v/v methanol, pH 8.3) for 15 minutes. The proteins
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G250 (Bio-Rad), Thc staincd gcl is cquilibrated in distillsd watcl fo¡ I hour and dricd

bctwccn two sheets ofccllulosc ovcmight ât RT.

Expression ofthe sclccted recombinant E coli olones is pcrformcd in mcdium-scale

to generate suflicient recombinant protein for vaccination of mice (see below).

Dialysis and lyonhilisation ofthe ourified recombinant I-lis-tar¿ged Protein

The eluted proteins are pooled and trarxfened into a hydrated dialysis tube (Spectrum

Laboratories, Inc., Los Angeles, CA) with a molecular weight cut-off(MWCO) of 3,500 Da.

A 200 pl aliquot ofthe pooled eluate is taken ând quantified using a commercial Protein

Assay (Bio-Rad). The proteins are dialysed against 2 I ofdistilled water at 4'C with stining.

The dialysis buffer is changed 8 times at l2-hourly intewals. The dialysed proteins are

transfened from the dialysis tube into a 50 ml centrifuge tubes (40 ml maximum volume),

and the tubes are placed at -80oC overnight. Tubes are pfaced into a MAXI f¡eeze-drier

(Heto-Holten, Allerod, Dcnmark) and lyophilised to dryness. The lyophilised proteins are

then re-hydrated with PBS to a calculated concentration of2 mg/ml and stored at -20oC.

Following dialysis and lyophilisation, stable rccombinant sntigen is successfully produccd.

Eight ofthe eighteen genos are successfully cloned into the E coll Exprcssion System

and recombinant protein can be expressed stabily from these clones.

Serolog]¡ using purified recombinant protein

Twenty ¡rg ofpurified recornbinant protein is loaded into a 7 cm IEF well,

electrophorcsed through a l0% (w/v) SDS-PAGE gel, and electro-transfened to

nitroccllulose mcmbrane. Thc mcmbranc is blocked with TBS-skim milk (5% úv) and

assembled into the multi-screen apparatus (Bio-Rad). The wells are incubâted \','ith 100 pl of

diluted pig serum (1O0-fold) for I hour at room tempcrature. The pig serum is obtained f¡om

high he¿lth status pigs (n=3), experimentally challenged pigs showing clinical SD (n=5),

naturally infected seroconverting pigs (n=5), and pigs recovered from natural infection (n=4).

The membrane then is removed Íìom the apparatus and washed three times with TBST (0.1%

v/v) before incubating with I0 ml ofgoat anti-swine lgG (whole molecule)-AP (5,000'fold)

for I hour at RT. The membrane is wa.shed three times with TBST before color development

using an Alkaline Phosphatâse Substrate Kit (Bio-Rad). Ths membrane is washed with tap

water when sufhcient development has occuned, dried and scanned for presentation

The reactivity of tlre pig serum obtained from animal ofdiffering hcalth status is

shown in the table below. All proteins are recognised by 100% ofthe panel of serum thus

20 fold in TBST for 1 hour at RT. The membrane is developed using the Alkaline Phosphatase
Substrate Kit (Bio-Rad). The development reaction is stopped by washing the membrane with
distilled water. The membrane is then dried and scanned for presentation.      Verification of
reading frame of the recombinant pTrcHis constructs by direct  sequence analysis 25Two
transfotmant clones for each construct which produced the correct sized PCR products are
inoculated into 10 ml LB broth containing 100 mg/1 ampicillin and incubated at 37C for 12
hours with shaking. The entire overnight cultures are centrifuged at 5,000 x g for 10 minutes,
and the plasmid contained in the cells are extracted using the QIAprep Spin Miniprep Kit as
described previously. The purified plasmid is quantified using a fluorometer. 30 Both purified
plasmids are subjected to automated direct sequencing of the pTrcHis expression cassette
using the pTrcHis-F and pTrcHis-R primers. Each sequencing reaction is performed in a 10 gl
volume consisting of 200 ng of plasmid DNA, 2 pmol of primer, and 4 ul of the ABI PRISMTm
BigDyc Terminator Cycle Sequencing Ready Reaction Mix (PE  Applied Biosystems, Foster
City, CA). Cycling conditions involve a 2 minute denaturing step at 96C, followed by 25 cycles
of denaturation at 96C for 10 seconds, and a combined primer annealing and extension step
at 60C for 4 minutes. Residual dye terminators are removed from the sequencing products by
precipitation with 95% (v/v) ethanol containing 85 5 mM sodium acetate (pH 5.2), 3mM EDTA
(pH 8), and vacuum dried. The plasmids are sequenced in duplicate using each primer.
Sequencing products are analysed using an ART 373A DNA Sequencer (PE Applied
Biosystems). Nucleotide sequencing of the pTrcHis is performed to verify that the expression
cassette is in the correct reading frame for each constructs. 10Expression and purification of
recombinant His-tagged proteins        A single colony of the recombinant pTrcHis construct in
E. coil JMI09 is inoculated into 50 ml LB broth in a 250 ml conical flask containing 100 mg/1
ampicillin and incubated at 37C for 16 hours with shaking. A 21 conical flask containing 11 of
LB broth supplemented with 100 mg/1 ampicillin is inoculated with 10 ml of the overnight
culture and incubated at 1537C until the optical density of the cells at 600 nm is 0.5
(approximately 3-4 hours). The culture is then induced by adding IPTG to a final concentration
of 1 mM, and the cells are returned to 37C with shaking. After 5 hours of induction, the culture
is transferred to 250 ml centrifuge bottles, and the bottles are centrifuged at 5,000 x g for 20
minutes at 4C. The supernatant is discarded, and each pellet is resuspended with 8 ml
Ni-NTA denaturing lysis 20 buffer (100 mM NaH2PO4, 10 mM Tris-HCI, 8 M urea, pH 8.0).
The resuspended cells are stored at -20C overnight. The cell suspension is removed from
-20C storage and thawed on ice. The cell lysate is then sonicated on ice 3 times for 30
seconds with 1 minute incubation on ice between sonication rounds. The lysed cells are
cleared by centrifugation at 20,000 x g for 10 minutes 25 at 4C, and the supernatant is
transferred to a 15 ml column containing a 0.5 ml bed volume of Ni-NTA agarose resin
(Qiagen). The recombinant Hiso-tagged protein is allowed to bind to the resin for 1 hour at 4C
with end-over-end mixing. The resin is then washed with 30 ml of Ni-NTA denaturing wash
buffer (100 mM NaH2PO4, 10 mM Tris-HCI, 8 M urea, pH 6.3) before elution with 12 ml of
Ni-NTA denaturing elution buffer (100 mM NaH2PO4, 10 mM 30 Tris-HC1, 8 M urea, pH 4.5).
Four 3 ml fractions of the eluate are collected and stored at 4C. Thirty ul of each eluate is
treated with 10 pi of 4x sample treatment buffer and boiled for 5 minutes. The samples are
subjected to SDS-PAGE and stained with Coomassie Brilliant Blue  G250 (Bio-Rad). The
stained gel is equilibrated in distilled water for 1 hour and dried between two sheets of
cellulose overnight at RT.       Expression of the selected recombinant E co/i clones is
performed in medium-scale to generate sufficient recombinant protein for vaccination of mice
(see below). 5Dialand I o hilisation of the eurified recombinant His-ted rotein 
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indicating that the genes are explosscd in vivo and that they are eblc to inducc I systcmic

immune responsc following cxposurc to thc spircchacte.

Table 4. Gene dist¡ibution and scrologic rcactivity of the eight successfully expressed B.

hyodysenterioe vaccine candidates. The gene distribution was analysed by PCR using a panel

of23 different strains. Serology was performed using l9 scrum samples from five different

categories ofdisease.

Gcne Distribution (%) Scrology (%)

NAV.H4O 100 00v"

NAV-H4 
'

83 000/.

NAV-H44 100 00%

NAV-H62 96 00%

NAV-H64 9l O0o/o

NAV-H6ó 96 o0vo

NAV-H69 9I 00%

NAV-H73 8'l 00%

Vaccination of mice usins the nurified recombinant his-taeqed proteíns

For eaoh ofthc purifrcd rccombinant his-tagged proteins, tcn micc arc systemically

and orally immunized to determine whether the rscombinant protein would be immunogenic.

The recombinant protein is emulsified with 30% (v/v) water in oil adjuvant and injected

intramuscularly into the quadrâceps muscle often mice (Balb/cJ: 5 weeks old males). All

mice receive 100 pg ofprotein in a tot¿l volume of 100 pl. Three weeks after the first

vaccination, all mice receive a second intramuscular vaccination identical to the first

vaccination. All mice are killed two weeks after the second vacoination. Sera are obtained

from the heart at post-mo¡tcm and tcstcd in Western blot analysis for antibodies against

cellular extracts of B. hyodysenteriue.

Western blot ¿nall¡sis

Twenty pg ofpurified recombinant protein is loaded into a 7 cm IEF well,

electrophoresed through a l0% (Wv) SDS-PAGE gel, and electro'transferred to

nitrocellulose membrane. The membrane is blocked with'tBS-skim milk (5% w/v) and

assembled into the multi-screen apparatus (Bio-Rad). The wells ¿¡e incubated with 100 pl of

diluted mouse serum (100-fold) for I hour ât room temperature. The membrane is removed

The eluted proteins are pooled and transferred into a hydrated dialysis tube (Spectrum
Laboratories, Inc., Los Angeles, CA) with a molecular weight cut-off (MWCO) of 3,500 Da. A
200 pi aliquot of the pooled eluate is taken and quantified using a commercial Protein Assay
(Bio-Rad). The proteins are dialysed against 21 of distilled water at 4C with stirring. 10 The
dialysis buffer is changed 8 times at 12-hourly intervals. The dialysed proteins are transferred
from the dialysis tube into a 50 ml centrifuge tubes (40 ml maximum volume), and the tubes
are placed at -80C overnight. Tubes are placed into a MAXI freeze-drier (Heto-Holten, Allerod,
Denmark) and lyophilised to dryness. The lyophilised proteins are then re-hydrated with PBS
to a calculated concentration of 2 mg/ml and stored at -20C. 15Following dialysis and
lyophilisation, stable recombinant antigen is successfully produced.       Eight of the eighteen
genes are successfully cloned into the E. coil Expression System and recombinant protein
can be expressed stabily from these clones. Serology using purified recombinant protein
20Twenty g of purified recombinant protein is loaded into a 7 cm IEF well, electrophoresed
through a 10% (w/v) SDS-PAGE gel, and electro-transferred to nitrocellulose membrane. The
membrane is blocked with TBS-skim milk (5% w/v) and assembled into the multi-screen
apparatus (Bio-Rad). The wells are incubated with 100 Id of diluted pig serum (100-fold) for 1
hour at room temperature. The pig serum is obtained from 25high health status pigs (n=3),
experimentally challenged pigs showing clinical SD (n=5), naturally infected seroconverting
pigs (n=5), and pigs recovered from natural infection (n=4). The membrane then is removed
from the apparatus and washed three times with TBST (0.1% v/v) before incubating with 10
ml of goat anti-swine IgG (whole molecule)-AP (5,000-fold) for 1 hour at RT. The membrane is
washed three times with TBST before color development 30 using an Alkaline Phosphatase
Substrate Kit (Bio-Rad). The membrane is washed with tap water when sufficient
development has occurred, dried and scanned for presentation.      The reactivity of the pig
serum obtained from animal of differing health status is shown in the table below. All proteins
are recognised by 100% of the panel of serum thus  indicating that the genes are expressed
in vivo and that they are able to induce a systemic immune response following exposure to
the spirochaete. Table 4. Gene distribution and serologic reactivity of the eight successfully
expressed B. 5 hyodysenteriae vaccine candidates. The gene distribution was analysed by
PCR using a panel of 23 different strains. Serology was performed using 19 scrum samples
from five different categories of disease. Gene Distribution (%) Serology (%) NAV4i40 100
100% NAV-H41 
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fiom thc apparatus and washcd thrce timcs with TBST (0.1% v/v) beforc incubati[g with l0

ml ofgoat anti-mousc IgG (wholc molecutc)-AP (5,000-fold) f:or I hour at room tempcraturc.

Thc mcmbranc is wâshcd thrcc times with TBST befo¡e color dcvclopmcnt using an Alkaline

Pho.sphatase Substrate Kit (Bio-Rad). The membrane is washed with tap water when

sufficient development has occurred, dried and soanned for plesentation.

Western blot analysis shows a significant increase in antibody reactivity in the mice

towards the reoombinant vaccino antigens following vaccination. All the mice recognise

recombinant proteins whích are similar in molecular weight to that ofthe coomassie blue

stained purifted recombinant proteins. These experiments provide evidence that the

recombinanl proteins are immunogenic when used to vacoinate mice and that the vaccination

protocol employed can induce specific circulating antibody titres ageinst the antigen. The

results indicate that the recombinant proteins can be useful in an effeotive vacoine for animal

species fircm being colonised by ß. hyodysenteria.e.

Vaccination ofuiqs usinu the nurihed recombinant his-taqeed proteins

For each ofthe purified recombinant his+agged proteins, ten sero-negative pigs are

ir{ected intramuscularly with I mg of the particular antigen in 1 ml vaccine volume. The

antigen is emulsified with an equal volume of a water-in-oil adjuvant. Tbe pigs are

vaccinated at three weeks of age and again at six weeks of age. A second group of ten sero-

negative pigs is used as negative controls and are left unvaccinated. All pigs are challenged

with 100mlof an a ctive B. hyodysenteñae aù re (-10e cells/ml) at eight weeks ofage, and

the pigs are observed for clinical signed of swine dysentery during the experiment (up to six

weeks post-challenge) and at post-morten examination.

Diasnostic kit

Sorum is obteined from pigs in a piggery with known infeotion of B. hyodysenteriae,

from pigs known to have not been infected with ß. hyodysenteriue, and lÌom pigs in piggcry

with unknown infection with ü. hyodysenteriae. Twenty pg ofpurified recombinurt protein

is loaded into a 7 cm IEF well, electrophoresed lbrough a l0% (w/v) SDS-PAGE gel, ond

electro-transferred to niÍocellulose membrane. The membrane is blocked with TBS-skim

milk (5% w/v) and asscmblcd into the multi-scrcen apparatus (Bio-Rad), The wells arc

incubated with 100 pl of diluted pig serum (100-fold) for I hour at room tcmperature. Tlìe

membranc then is removed from the apparatus and washed three times with TBST (0.1% v/v)

before incubating with 10 ml ofgoat anti-swine IgG (whole molecule)-AP (5,000-fold) for I

83 100% NAV-1144 100 100% NAV-H62 96 100% NAV-1164 91 100% NAV-H66 96 100%
NAV-H69 91 100% NAV-H73 87 100%  10Vaccination of mice using the purified recombinant
his-tagged proteins        For each of the purified recombinant his-tagged proteins, ten mice are
systemically and orally immunized to determine whether the recombinant protein would be
immunogenic. The recombinant protein is emulsified with 30% (v/v) water in oil adjuvant and
injected intramuscularly into the quadraceps muscle of ten mice (Balb/cJ: 5 weeks old males).
All 15 mice receive 100 pg of protein in a total volume of 100 pA. Three weeks after the first
vaccination, all mice receive a second intramuscular vaccination identical to the first
vaccination. All mice are killed two weeks after the second vaccination. Sera are obtained
from the heart at post-mortem and tested in Western blot analysis for antibodies against
cellular extracts of B. hyodysenteriae. 
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hour at room tcmpcraturc. Thc mcmbranc is washcd threc tirnes with TBST bcfore color

dcvelopmcnt using an Alkalinc Phosphatâso Substratc Kit (Bio-Râd). The mcmbranc ís

washcd with tap water when sufficicnt dcvelopmont lìas occulred, dricd and scanncd for

preserrtation. One can determine ifpigs are infected witlt B. hyodysenteriae by comparing the

results to the positive and negative control.

Whilc this invention has been described with a reference to specific embodiments, it

will be obvious to thoso of ordinary skill in the art that variations in these methods and

compositions may be used {ìnd that it is intended thât the invention rnay be practiced

otherwise than as specifically described herein. Accordingly this invention ûrcludes all

modifrcations encompassed within the spirit and scope of the invention as defrned by the

claims.

20Western blot analysis      Twenty jig of purified recombinant protein is loaded into a 7 cm
IEF well, electrophoresed through a 10% (w/v) SDS-PAGE gel, and electro-transferred to
nitrocellulose membrane. The membrane is blocked with TBS-skim milk (5% w/v) and
assembled into the multi-screen apparatus (Bio-Rad). The wells are incubated with 100 gl of
25 diluted mouse serum (100-fold) for 1 hour at room temperature. The membrane is removed
from the apparatus and washed three times with TBST (0.1% v/v) before incubating with 10
ml of goat anti-mouse IgG (whole molecule)-AP (5,000-fold) for 1 hour at room temperature.
The membrane is washed three times with TBST before color development using an Alkaline
Phosphatase Substrate Kit (Bio-Rad). The membrane is washed with tap water when 5
sufficient development has occurred, dried and scanned for presentation.      Western blot
analysis shows a significant increase in antibody reactivity in the mice towards the
recombinant vaccine antigens following vaccination. All the mice recognise recombinant
proteins which are similar in molecular weight to that of the coomassie blue stained purified
recombinant proteins. These experiments provide evidence that the 10 recombinant proteins
are immunogenic when used to vaccinate mice and that the vaccination protocol employed
can induce specific circulating antibody titres against the antigen. The results indicate that the
recombinant proteins can be useful in an effective vaccine for animal species from being
colonised by B. hyodysenteriae. 15Vaccination of pigs using the purified recombinant
his-tagged proteins        For each of the purified recombinant his-tagged proteins, ten
sero-negative pigs are injected intramuscularly with 1 mg of the particular antigen in 1 ml
vaccine volume. The antigen is emulsified with an equal volume of a water-in-oil adjuvant. The
pigs are vaccinated at three weeks of age and again at six weeks of age. A second group of
ten sera- 20 negative pigs is used as negative controls and are left unvaccinated. All pigs are
challenged with 100 ml of an active B. hyodysenteriae culture (-le cells/ml) at eight weeks of
age, and the pigs are observed for clinical signed of swine dysentery during the experiment
(up to six weeks post-challenge) and at post-morten examination. Diagnostic kit  25Serum is
obtained from pigs in a piggery with known infection of B. hyodysenteriae, from pigs known to
have not been infected with B. hyodysenteriae, and from pigs in piggery with unknown
infection with B. hyodysenteriae. Twenty jig of purified recombinant protein is loaded into a 7
cm IEF well, electrophoresed through a 10% (w/v) SDS-PAGE gel, and electro-transferred to
nitrocellulose membrane. The membrane is blocked with TBS-skim 30 milk (5% w/v) and
assembled into the multi-screen apparatus (Bio-Rad). The wells arc incubated with 100 n1 of
diluted pig serum (100-fold) for 1 hour at room temperature. The membrane then is removed
from the apparatus and washed three times with TBST (0.1% v/v) before incubating with 10
ml of goat anti-swine IgG (whole molecule)-AP (5,000-fold) for 1  hour at room temperature.
The membrane is washed three times with TBST before color development using an Alkaline
Phosphatase Substrate Kit (Bio-Rad). The membrane is washed with tap water when
sufficient development has occurred, dried and scanned for presentation. One can determine
if pigs are infected with B. hyodysenteriae by comparing the 5results to the positive and
negative control.       While this invention has been described with a reference to specific
embodiments, it will be obvious to those of ordinary skill in the art that variations in these
methods and compositions may be used and that it is intended that the invention may be
practiced otherwise than as specifically described herein. Accordingly this invention includes
all 10 modifications encompassed within the spirit and scope of the invention as defined by
the claims.  Claims  Claim 1. A polynucleotide selected from the ORFs of Brachyspira
hyodysenteriae, wherein said polynucleotide codes for a polypeptide having 33% to 34%
identity of amino acids with NIpA lipoprotein of Streptococcus suis, and wherein the
polynucleotide comprises the sequence selected from the group consisting of 



Cla¡m s

CIa¡m 1. A polynucleotide selected from the ORFs of Bruchysp¡rq hyodysent¿ríoe, wherein sa¡d
polynucleotide codes for a polypeptide havinl33% lo 34% identity of amino acids w¡th NIpA
¡¡poprotein of Sfreptococcus su ¡s,

and wherein the polynucleot¡de compr¡ses the sequence selected from the group consist¡ng of
SEq lD NO: 77,79, and 27.

CIa¡m 2. A plasmid compr¡s¡ng the polynucleot¡de of Cla¡m 1.

Cla¡m 3. The plasmid of ctaim 2 where¡n said plasmid is an expression vector.

Clâim 4. A cell containing the plasrì1id of Clä¡m 2.

claim 5. A cel¡ conta¡ninE the plasmid of Cla¡m 3.

Claim 6. An immunogenic composition comprising the plasmid of Claim 3.

Cla¡m 7. A vacc¡ne compos¡t¡on for the treatment or preventlon of Brachysp¡ra hyodysenter¡ae

comprising the expresslon vector of Cla¡m 3.

Cla¡m 8. A vaccine compos¡t¡on for the treatment or prevention of Brachyspira hyodysenteriae

comprising the cell of Cla¡m 4.

Claim 9. A DNA molecu¡e compr¡sing a sequence that ¡s at leaslTOya ¡dentlcal to the polynucleotide of
Claim L.

Cla¡m 10, A plasm¡d compr¡s¡ng the polynucleotide of Clâim 9.

Claim 11. The DNA molecule of Claim 9 where¡n sâ¡d DNA molecule ¡s at least 80% identical to the

polynucleotide of Claim 1,

Claim 12. A plasm¡d compr¡sing the polynucleotide of Claim 11.

Claim 13. The DNA molecule of Claim 9 wherein said DNA molecule ls at least 90% ident¡cêl to the

polynucleotide of Claim 1,

clalm 14. A plasm¡d compris¡ng the polynucleotide of Claim 13,

clâim 15, A polypeptide coded by a polynucleotlde accord¡ng to claim 1

wherein the polypept¡de comprises the sequence selected from the group consist¡nB of SEQ lD NOs:

18,20, and 22.

claim 16. A polynucleotide compr¡sing a sequence which encodes the polypept¡de of claim 15.

Cla¡m 17. A plasmid compr¡sinB the polynucleot¡de of Clâim 16.

cla¡m 18. The plasm¡d of cla¡m 17 wherein said plasmld is an express¡on vector.

cla¡m 19. A cell containing the plasm¡d of Cla¡m 17.

Claim 20. An ¡mmunogenic composit¡on compr¡sing the cell of Claim 19.

52

SEQ ID NO: 17, 19, and 21. Claim 2. A plasmid comprising the polynucleotide of Claim 1.
Claim 3. The plasmid of Claim 2 wherein said plasmid is an expression vector. Claim 4. A cell
containing the plasmid of Claim 2. Claim 5. A cell containing the plasmid of Claim 3. Claim 6.
An immunogenic composition comprising the plasmid of Claim 3. Claim 7. A vaccine
composition for the treatment or prevention of Brachyspira hyodysenteriae comprising the
expression vector of Claim 3. Claim 8. A vaccine composition for the treatment or prevention
of Brachyspira hyodysenteriae comprising the cell of Claim 4.  Claim 9. A DNA molecule
comprising a sequence that is at least 70% identical to the polynucleotide of Claim 1, Claim
10. A plasmid comprising the polynucleotide of Claim 9. Claim 11. The DNA molecule of
Claim 9 wherein said DNA molecule is at least 80% identical to the polynucleotide of Claim 1,
Claim 12. A plasmid comprising the polynucleotide of Claim 11. Claim 13. The DNA molecule
of Claim 9 wherein said DNA molecule Is at least 90% identical to the polynucleotide of Claim
1. Claim 14. A plasmid comprising the polynucleotide of Claim 13. Claim 15. A polypeptide
coded by a polynucleotide according to claim 1 wherein the polypeptide comprises the
sequence selected from the group consisting of SEQ ID NOs: 18, 20, and 22. Claim 16. A
polynucleotide comprising a sequence which encodes the polypeptide of Claim 15. Claim 17.
A plasmid comprising the polynucleotide of Claim 16, Claim 18. The plasmid of Claim 17
wherein said plasmid is an expression vector. Claim 19. A cell containing the plasmid of Claim
17. Claim 20. An immunogenic composition comprising the cell of Claim 19.  Claim 21. A
protein comprising a sequence that is at least 70% homologous to the polypeptide of Claim
15.  Claim 22. The protein of Claim 21 wherein said protein is at least 80% homologous to the
polypeptide of Claim 15. Claim 23. The protein of Claim 22 wherein said protein is at least
90% homologous to the polypeptide of Claim 15. Claim 24. An immunogenic composition
comprising the protein of Claim 23. Claim 25. An immunogenic composition comprising the
polypeptide of Claim 15. 



Cla¡m 21,. A protein compr¡s¡ng a sequence that is at least 70% homologous to the polypept¡de of
Claím i.5.

claim 22. The prote¡n of claim 21 wherein said protein ¡s at least B0% homologous to the potypeptide
of Cla¡m 15.

Cla¡m 23. The prote¡n ofClaim 22 wherein said prote¡n is at least gO% homologous to the polypeptide
of Claim 15.

Cla¡m 24. An immunogenic composition comprising the protein of CIaim 23,

Claim 25. An ¡mmunogen¡c composit¡on compr¡slng the polypept¡de of Claim 1S.

Cla¡m 26. A vaccine compositlon for the treatment or prevent¡on of Brachyspira hyodysenteriae
compr¡slnB the polypeptlde of Claim 15.

claim 27. use of a kit conta¡ning a monoclonal antibody that binds to the polypeptide of cla im 15 for
detectíng the presence of Erachyspira hyodysenteríae in an animal.

CIâlm 28. The use of claim 27, wherein the animâl is a mammal or a blrd.

Cla¡m 29. A k¡t for the diagnosis of presence of Brachyspira hyodysenteriae in an animal, sâ¡d kit
compris¡ng the polypeptldes of Claim 15.

Cla¡m 30. A k¡t for the d¡agnosls of presence of Brâchyspira hyodysenter¡ae in an animal, said kit
compr¡sing the polynucleotides of Claim 1.

Clalm 31. The immunogenic composit¡on of Cla¡m 24 for use ¡n a method of generating an ¡mmune
response to Brachyspira hyodysenter¡ae ¡n an animal.

Claim 32. The immunogen¡c composition of Cla¡m 25 for use in a method of generat¡ng an immune
response to Brachyspira hyodysenter¡ae in an animal.

Cla¡m 33. The immunogenic composltlon of claim 6 for use In a method of generating an immune
response to Brachysplra hyodysenterlae in an an¡mal.

Clalm 34. The lmmunogenlc composltion of Cla¡m 20 for use in a method of generating an immune

response to Brachyspira hyodysenter¡ae ln ân an¡mal.

Cla¡m 35. A therapeutically effective amount of the vacc¡ne composition of Cla¡m 7 for use in a

method of treating or prevent¡ng a disease caused by Brachyspira hyodysenter¡ae in an animal in

need of said treatment.

cla¡m 36. A therâpeut¡cally effect¡ve amount of the vacc¡ne composit¡on of clalm I for use in ä

method of treatlng or prevent¡ng a disease caused by Brachyspira hyodysenter¡ae in an anlmal in

need of said.

Claim 37. A therapeutically effective amount of the vaccine compos¡t¡on of Claim 26 for use in a

method of treating or prevent¡ng a disease caused by Brachyspira hyodysenteriae ¡n an animal ln
need of sa¡d treatment.

Claim 26. A vaccine composition for the treatment or prevention of Brachyspira
hyodysenteriae comprising the polypeptide of Claim 15. Claim 27. Use of a kit containing a
monoclonal antibody that binds to the polypeptide of claim 15 for detecting the presence of
Brachyspira hyodysenteriae in an animal. Claim 28. The use of claim 27, wherein the animal
is a mammal or a bird. Claim 29. A kit for the diagnosis of presence of Brachyspira
hyodysenteriae in an animal, said kit comprising the polypeptides of Claim 15. Claim 30. A kit
for the diagnosis of presence of Brachyspira hyodysenteriae in an animal, said kit comprising
the polynucleotides of Claim 1. Claim 31. The immunogenic composition of Claim 24 for use
in a method of generating an immune response to Brachyspira hyodysenteriae in an animal.
Claim 32. The immunogenic composition of Claim 25 for use in a method of generating an
immune response to Brachyspira hyodysenteriae in an animal. Claim 33. The immunogenic
composition of Claim 6 for use In a method of generating an immune response to Brachyspira
hyodysenteriae in an animal. Claim 34. The immunogenic composition of Claim 20 for use in a
method of generating an immune response to Brachyspira hyodysenterIae In an animal.
Claim 35. A therapeutically effective amount of the vaccine composition of Claim 7 for use in a
method of treating or preventing a disease caused by Brachyspira hyodysenteriae in an
animal in need of said treatment. Claim 36. A therapeutically effective amount of the vaccine
composition of Claim 8 for use in a method of treating or preventing a disease caused by
Brachyspira hyodysenteriae in an animal in need of said. Claim 37. A therapeutically effective
amount of the vaccine composition of Claim 26 for use in a method of treating or preventing a
disease caused by Brachyspira hyodysenteriae in an animal in need of said treatment.  Claim
38. Use of the protein of Claim 23 for the preparation of a medicament for generating an
immune response to Brachyspira hyodysenteriae in an animal. Claim 39. Use of the protein of
Claim 15 for the preparation of a medicament for generating an immune response to
Brachyspira hyodysenteriae in an animal. Claim 40. Use of the plasmid of Claim 3 for the
preparation of a medicament for generating an immune response to Brachyspira
hyodysenteriae in an animal. Claim 41. Use of the cell of Claim 19 for the preparation of a
medicament for generating an immune response to Brachyspira hyodysenteriae in an animal.
Claim 42. Use of the expression vector of Claim 3 for the preparation of a medicament for
treating or preventing a disease caused by Brachyspira hyodysenteriae an animal In need of
said treatment. Claim 43. Use of the cell of Claim 4 for the preparation of a medicament for
treating or preventing a disease caused by Brachyspira hyodysenteriae an animal in need of
said treatment. Claim 44. Use of the polypeptide of Claim 15 for the preparation of a
medicament for treating or preventing a disease caused by Brachyspira hyodysenteriae an
animal in need of said treatment. 



clalm 38. Use of the proteln of Clâ im 23 for the preparâtion of a medicament for generatinB a n

immune response to Brachysp¡ra hyodysenter¡ae in an animal.

Claim 39. Use of the prolein of Cla¡m 15 for the preparat¡on of a medicament for generat¡ng a n

immune response to Brachysp¡râ hyodysenteriae in an animal.

Cla¡m 40. Use of the plasmid of Claim 3 for the preparation of a îìedicament for generating an

immune response to Brachyspira hyodysenter¡ae in an animal.

Cla¡m 4i.. Use of the cell of Claím 19 for the preparàt¡on of a med icament for generating a n immune

response to Brachysp¡ra hyodysenter¡ae in an animal.

clâim 42. Use of the expression vector of cla¡m 3 for the preparâtion of a medicament for treat¡ng or

prevent¡nB a d¡sease caused by Brachyspira hyodysenter¡ae an animal ln need ôf said treatment.

cla im 43, Use of the cell of Claim 4 for the prepa rat¡on of a medicament for treating or prevent¡ng a

disease caused by Brachyspira hyodysenter¡ae an animal ìn need of said treatment.

Cla im 44, Use of the polypeptide of Claim 15 for the preparation of a medicament for treâting or
preventing a disease caused by BrachVspira hyodysenteriae an an¡mal in need of said treatment.
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