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 Fr2s5 2 Bre/ens SERPIOYBifa GHURHVER therapeutic and/or
prophylactic treatment of diseases in animalswdise@hepadther Brachyspira species, including
13. suanatina, B. interntedia, B. alvinipulli, B. aalborgi, B. innocens, B. murdochii, and B.
pilosicoli. Backglg.%wgfﬁf Iny ention Swine dysentery is a significant endemic disease of

we1
pigs in Australia and worl wide. Swine dysentery is a contagious mucohae t%%rha IC

diarrhoea( disease, cAEYEM ?@deﬁﬁf%tﬁ%gﬁ\gﬁnﬁﬁf&ﬁﬁ%’ﬁ%ﬁgﬁiﬁiyﬁgéerrc‘)‘é‘isanof &ehitielial
surface of the larepedettéutiire. Toisdmsntie logBegets wvasstiacenspterrtas misanlp from
growth retardatigiageesis of immedioadian andsenadatity agehet Caksdiiveaige mdbswinmidysentery
was first identifigq 253,00, ANARIRIN S FHIREHRSIS (»TB%QQR@%&B&QQ%&@&E%FQG) in 1971, and

was recenty regeaned o RGeS Rrechvepls se f Rrodsenernr. AR aune
dysentery is est 861 a pigo ey the Gidease spectrum c n vary eing mild

transient or unapisBirdprticEBENRS %fé\léi‘é"@ﬁé’%‘%?@h%’fﬁ? W%‘B‘f&ﬁffﬁh@’t’f&tﬁ’ﬁ%"é’ ('J’WWH}(ﬂdual
piggeries may nzaskrelimcd signeedindonvednié, Biggbrias théudiseade miedpesé. and8ticed, or
may only be suspggtegl. 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 aIs@%%&?&ﬁﬁ@B‘W‘B" hyodysenterlae, although it is not clear how commonly
this occurs under fiel@epnditionsy is » GoifristeidentyydBedssoftyjsdnbyiaie ey eldtridng
immunological rﬁﬂﬁ@@ﬁenm&h@wérﬁmmoﬁmmeHembemaémxwaﬁure to the

spirochaete can b, obtalfied Y Maaskina sF e ang tbad des: b theblooskalipiected

animals. These anf'%v%ly titres have been rep orted to be maint |ne at ow le es eve in
animals that haV@sFéeﬁf@%ﬂlﬁWWﬁ&sﬂwéﬂ %FV"S%?B%@?@&? 3 Oldnegiputongn
antibodies theremmliqavﬁamgmmqferem@smmeretﬁﬁ@@abﬁqnﬂ&w fifeeiéns and
recovered carrigsipigsdb atr-gavensieseiabie) nuvheisiofs pitathacteindheicigrges

intestines. Thesg, 339 }9'i}%aﬁ?&%%@fWﬂ@élé@HJ@dgamﬁmaim}al ERrySueh as an
enzyme-linked immunosorbent assa variety. of techniques havetbcgeln Se%(taelo d to
demonstrate thg'ﬁf’é%ﬂﬁ&té“@fc&?r&ﬁ}’ lale 5%6’3@?6“5” geﬁ?r%flﬁp%%c Seriteriae, mc?udlng
indirect fluoresdeat: Mty ibstesitraanaiyithn nisgeiseaurmsinibnin Pé&ﬂﬁﬁ“ég’ﬁlt?fﬁ?atlon tests,
complement fixgiggaite sisdisdact byl AntasiRgipihedylmopelysaechhritlietewhalieobomsated

spirochaetes as,gnUoeR. b blignRnik.hRke SHleIRA LMD bIaMAA SRRGHSIM, grielated

non-pathogenic mtestlnal spirochaetes C%%l!/n uce cross- reactlve q.nt%podleqsém'll;h %e tests are
useful for detectirty ﬁ'é?dg\ﬂ/ﬂ'&ﬁé“i‘ﬁ%efg 1BTIS e RES ARG GircuTating antibody titres,
but they are prohﬂmafu@fmﬁemhWn@W%GﬁHIE&WMf%‘Eé&“?%Wé ¥ individual infected
pigs. Consequentyyste:slais e pan plrietieatiasi tvammnt speaiticsasdayikreaitiable for the

detection of ant'bod'ec%m@ma{@ Y Wmmm%mk,ﬂmmg@l diggnesiisiiests has

hampered contro] of swine d senter number of met 0 sa e&rpngé/ebqam (Bntrol swine

dysentery, vary iR HERHE ?B‘f&% (Rl S B SHA S CoT fagents 0 complete
destocking of mﬁemét!lmmﬁiwiﬁﬂ@@éﬁﬂeﬂfb‘i’?é’le?ﬁﬂf 'a%ﬁ*ﬁé&?éﬁﬁka?{’?&eﬁfﬁ@"mﬂfff’ése
options are expensbenandrtifdthey aintdmbiafutly eftestive, itheimdgbidargggend from

sophisticated diggnostic.iestsiRBRMILKRARSRoldttieRtMARIRgIoRE subRibiseNtery in
herds with sub- C"“'Qa['f’”%%?éé%%”squ%ﬂd i3 ’V%d‘éa' healthy car 'a%h%P"Iga?lﬁaJﬁmgfef o
el

problem and is A Berthgy mpt menf’a‘ﬁon St sOeffsctive conirol Measures. A nitive
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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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 HEURBeeitriprhiss e die Hetsrodiess tertundherrigiiheriairviable.
Bacterin vacciriesyrayigesdinéteyeldfprotection;lioktdheptarditot astiyogotyssicciaride
serogroup-spegifis; Wi sk earipp iRt QfRullyalent Dacaiingsaf Wiitemaig.they are
difficult and co tl)ﬁ[vt%pyodu,ce onlahlar %SC?{“, b_eqcautsga 1950%1% J&;st[i]g‘i:%us ?u%pgﬁc)ropai&ggrowth
requirements of &SP oKt MESEVErAT HSTMpts haVe héen Thade 16 develop attenuated
live vaccinés foniswfitietigyserisinatiphiestpiaoplemarbxariendesiavhehiAtharsttisUated strains
show reduced Gplpisation:: & & REFECaRUSE eduretimmuperstmulationstThetaalsads
relutance on the PR LR ALYESRANG KUK IR HE RINENAGHIAR(OY ARGy sentery

because of the 10p055|% y of reversion to virulence, especially as very little is known about

genetic regulatfiysaier bR amibetion These Kooyt floering et AEe BHASP Y unit
vaccines is an dittractivé ligleciativégsinde dh 6psobictswwoutc benwtd fodfieedy{eg sential for
registratiofp purRReH).iRRdLOlaliNelk SR NHALURS, 20 TIRLeR SRR IRLIRRINGIEES

reported use of a recom inan} ‘grotein from, b 1%“?6%%% eggégg?gn s a e\éacgilrlg? Ig;andidate (a
38-kilodalton fIEGEF BIOTRFS) a‘i'lqé?:?’féﬂﬁraé\a}ear_l%eco onisation 1 pigs. ThiS Tailure is likely to
relate specificaiipdps e jsarticha ackeé ovitdilsabinmpeietsstidies hyapsed wa'tel efseivhore

down-stream issu@ggf delivery systems and routes, dose rates, choice of adjuvants etc.

3, Y aneldYiseamans . (8mdsalgiion of

(Gabe, JD, Chang, RJ, Slami; rgét ﬁAJ}QE%;jXE \
extracytoplasmic proteins from erpuﬁina hyodysenteriae 2 and molecular cloning of

theflaBl g&he arduiAtiaseokrBRIeRY AL gaNtr 1 SRt srsarsiefdnissirl Rt 889 42-148).
The first reportgdvpatitiadlfrpratacifiefcaed mbingrig Alybeheseritesiae prsteincusddifdry are
vaccination wais 4,437 4R8O L e ARG RPRIAIRINABIARER(o s dRBiR 1R,a8BmpB
and BIpA) which had homology with the methlonlngplnd n%tJ?orBrotelpst.of vatrli?ua.e.%thpgenlc
bacteria. The (RE S mEHEIRTRI SYTPE SSPHERMAIS %‘H’féf SR IR E 0% B BEA8F bigs,
followed by experithyentebchatielgenwith Bntigoetpblentenibis hrawatingiipEnadgipeplaccinated
pigs develppingrdiseassneamiaack Ix3Mrifa9s alihaivpraasBiecaonatipigsydryeloping

disease. Since the incidence.of disease for.the 29 7 vaccinated pigs was significantly
(Pe0.047) looe AT O B e B2 s Heint G BEPR OSBRI er e
dysentery vacdiserssd Rigb ey peebrnm HiNpbecdduc s, theaienaravd addustidippasitiEens2004).
Protection of pigfuiiensivinietlyaaeissy licvacendatpnsisilive eoheinsat8emMpB, a 29.7 kDa

g e

102:97-109). An [ other attempts have been made to ident [
from B. hyodydBpiexiaenHatharirgnasis eldeixidpakafrisa aiasvae o e sk ier dansghin no
successful vaadipeynasayetizéonamac @OR)msch fmahe dieb@agproadhrdsniedéads.the
identification ofpeigRtAIY;HFRMITIHIAAR0IRS RFADRIBRRIIAPINR FaaLE: vesdisenteriae

is needed. To date, only ong study usng? DgA éor,vaccfénatlon has beept resp%rted. In this study,
the B. hyodys&Sesi S8 fth A ale Y UHEBEiRE A BIrAR0E Rt R o R ea G S coil 5
plasmid and theaplesmiteD A terdae todivgoltlsias dut BElistcdraneiatiohcmarieshe

model fopgwingEMaRekyWas:ead ilRdeie imina dheml alectie patweiof vaccination with
DNA and/or recombi};natrrwt rlorotein. mac%'Qasti%st\g\ﬁistr;nrgggdgbipa%ggoﬁegﬂg%gg(ﬁfoc‘iv a good
systemic response agglr?sgfemrlﬁ P RBWever vaccaton wih DNA hducead on y a detectable
systemic respéplesizafigactithtibivrdsersrraeanewig acovssut Sioth Sswas AYBTRS At Brdmtrctrd
induced a systesnigeimnisoe. RSPRNGE, takatsit o delyl giterchinastirgnvithwiatdiredtoptever,
none of the vageaHNLEgIMER Ieslec iR ARIGLRIAAS ARSI RIBIRENRA apainst B.
hyodysenteriae colonisation and the associated Iesions. InFerestlneg, 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



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. hyodysthisisiaetipidae Grayiosedy h%@{&@gt@r%@ﬁwéeﬁ%?ﬁ%f PR CaRBHRENGf this
invention to havammeowmtBrihyoedise pienits ganescheftngethien?bnticieatidée $equence contained

s o RO%) B ¢ ' 1 tfferb réqtrires SkradivaRnobackRindl, 43,
In SEQ 10 NOSighodlySodhofladdrobfd Spddrd kel g e oniihicie ¢

, 61,63, and 65. It is also an ohject of this invention to have
nucleotide squlé‘fffbeé’émlﬁ’aﬁ“grg‘?dl ks o8 SEB lﬂﬁ“ﬁ% S L ’ége‘?caée%fmﬁoﬁ@c faff'ql@?‘bl,
23, 25, 27,99, 8488 ¢ 3BT re@Giretienti3f 48, spifod@ets1 53, 55, 57, 59, 61, 63, and 65 where
the percentage identiyycRanRentdaas 1269mR0% 182%) £R%0:301ke Yernds#0Pevwiand every
integer from 100 to 70)..This inventjon alsp inclu I immunogenic
ot coNEne ThY SNERAn A TRs AANANRIURRSURh AJRALT0TTC
10, 21, 23, 25, Plonpotia anyBhoyse arpsoygduped ipynuts sipulpgoss Thers alss isrplugigneeonghe oy 65
and sequencegihat preialleast S5 0006 1B5Y1j80%6siT&Yommdn? 094cidenbecitantiievery

integer frog 1004604 19 NERRARUIRNGES o maipfgmg{mmgu%mHm grliagnostic assay
containing DNA having the nucleotide sequence of SEQ ID NOs: 1, 3,5, 7, 9, 11, 13, 15, 17,

19, 21, 23, 25,8180 $1d argengation g Ipegiien7 49, 51, 53, 55, 57, 59, 61, 63, and 65
and sequences that e wiclefrst@B%62969buE5%:c8094s TSTHagheE Ao iHentrss thhd every
inltegerdfrom 1%o%&@v)v&%ﬁhﬁ%%@ﬁ@&%@e&i&li%ﬂ@@s&ﬁli@bjﬁ%&%ﬁhEsld'n*damiﬂ;a dahave
plasmids containing DNA having, t equence, of SEQ ID NOs: | 7.9, 15, 17, 19,
b1, 23, 25, 27, G OBB ISR sﬁ%?‘?@?’i%?%é%ﬁfé?%%%&feé’lf,"" 55, ?%fn%f%%%,eéjf‘%%?’and 65;
prokaryotiSandsersenearize it evasrinssioiidaeiordbodintalion Jramnix patriny el aierte of
SEQ ID NOs: lgglorfisatioRinlplgs] Bhil ithit id Ak 10A3[aREpRI[Ay RilthBBsr8E 18 He@bliknn 3, 45,
47,49, 51, 53, 55, 2 {1 2P 1 OkesPik «J QRNGER ARG A:E5Y &%Eadf‘!féﬂvgi’fs%m%ﬁ Whigh contain
DNA having the sequence of SEQ ID NOs: |, 3, 5 7C9, 11, 13, 15,1 19,(?1, 23,25, 27, 29,
31, 33, 35, 37, 499 UEEs.PhoiRe ofariuygnts plosae; 1By Chasechy, glomipny.dhy Atdrgpa WH AR 1 of
this invention tdMbEarganddEl(Bo8yBolisentd dstepiotdissihpeingstferabameliac ity gbyererir
B 40, 400 e et ol 1
02,64, an . It is another object of thi
invention to ha@g’ﬁfgﬁélﬁgsiﬂf%'f“éﬁye%;tif‘gégﬁ%gﬁo? GSoereEy op%ﬂgy %gf%cg‘ﬁe %@%ﬁgfr{\%ogous
(and every intdgedirovark@@rsciO)std forevsmsipatorceascaftakopitesparbnR nerpotemes g, 10,
12,14, 16, 18, BRip287 2hodBseAtd BQs BB ardB158) Whlck Rad o) SvithAhSdethibndfs; 58, 60,
02, 64, and 06, 1% P12 A0 OISl ol RN EIHOR L2 YRCIDG AR TN EE o
composition to con?ﬁlrp?ﬁe_protems_ a_vﬁ}g tife amino acid sequence contained in SEQ ID
NOs: 2, 2%, 8Bhig2% 2 pmein &r yapchptiopotnigsyllowedly awermeny challoge wih 1 46, 48,
50, 52, 54, 56, i5846ehHr2a-Obs it 166 7 a0 Evivacanides eipy dncdspiinadisreationpst 59560-90%,

85%, 80%, 75‘@%@' zZQ%VQQJfAQJé%&%Héoﬁ%lﬁ*gl FUREY iﬂ%ecgs%aié%w&i?etﬁa&@&le@ iPgissqusnces
contained in SEQ ID NOs. 2. 4. 6, 8, 10, 19, 14. 16, 18, 2

46 8, > 1 8, 20, 22, 24, %f?’iff& 30, 32, 2534, 36,
38, 40, 42, 44, B2 Ebvassinaled igs wgs Henif gy GrllPBH) eSS SUBLY Y this
invention to haRERUtagpestit tkiboo ptadniint e asvonadpraerpiepshenrngnans fepu dntkillips,

containedsin SRE HLNQNB aftd Pafipd; BE b4yl BrokiidiloGResdfon? 6wid8 dRdnil8; 134, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54. 56, 58

, 60, 62, % d 66tor tha.gare tlea§t 900 &9%.%5%,
80%, 75% and YSUEHBI OB EsER B P TRl atoLE e e CE SR S S ey
3012, 14, 16, ¥8edecp2ice A aaipgy Mixratoaay H5:998108), Apumber abothy ajompls haye bygn 58,
60, 62, 64, angy@ to idkhigvatharvappessiehitisiiBentionda-hay euusleoticdesseguences
which encode the proteins having the ami oacgld sequence Col ined In.SE \Qs: 2, 4, 6,
8, 10, 12, 14, {%f"ip%éf"fb{,]"fﬁ?‘ﬁi‘,’g%’,"ﬂ‘éf‘f%g,"%“f, §z[‘,°§%‘,’%§§,ﬁh%g%§4,94ﬁ§ g%i%%?rls%%g, 54, 56,

58, 60, 62, 64, and 3



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 expragsiarrsebstappprsionkedst i thedduriBrriemean? BNA ARG R EmnseHEe
which encodesrac@nbtein haing filoe: 8nwadacicseduardedcontained in SEQ ID NOs: 2, 4, 6,

8,10, 12, 14, 16, 18'"1%Qia262m%§ ogc.ﬁst\?c@'égg%ﬁﬁyr3@;{:%&&619&1&%{:%&@&0&.&11@8 §3d}5,4, 56,
58, 60, 62, 64, and 66, nd encode amino acﬂld sequence that are ?tnlce 1%&%%%’r%%%’ 85%,
80%, 75% and‘¥0%% 6‘??’1’5[’6%’6‘{5 ARTSVERTTHIR GBI O 1000 70) 16 the sequeices 10
contained in SE@1 NAenlasndd BNIOustPtotgatimpidiadfopballtic yercoptiagp Agpuriee 36, 38,
40, 42, 44, 46, 48Dt Sine 4y RBicBBwBAisEiRioGdicand Gk fraliswdriircontatithteewitasmids
e AR LS SRS IR i TS HEIYAN aludee el ocionl

Ghids
antibodies that bind to p%et(é?ﬁls hav g an amino acid sequence contained in SEQ ID NOs: 2,

4,6, 8, 10, 12, YD TEoRS 253 erin bawoyey veseination with DIA ngluged oply 9yflopiaticy 5o
54, 56, 58, 60, HRAchid, raspdrS6 Becoimdito withis fikvaris Abdeasiloseenddes! B5%in80%, 75%
and 70% pemMqlpQaLs, (FREhEYRRHIMEISIHAM ARYIRIPkiRDSAEFUBAGRS GANRINGEIN SEQ
ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 18, 2 12-2’ 24, 2b§ {28, 30&5’%&3%@3‘%113%%8104%’ 44,46, 48,
50, 52, 54, 56, 98¢ BbhE Basilioft Feemes ieaRbupd I L Bl G TS MHB s har dRtB S dies
that bind to proteidesdrearingcalenstinn sadithopsseigod irsiorohtsipiasly. SEontion efdhomices g,
10, 12, 14, 16, ¥i@h BRAZRerd4estfic B s 38321t 34203 ddh Aiddc4Pavif MB, HMiHB,B4nd6, 58,
60, 62, 64, and 66 or.bj roteins that are atleast 95%. 90%, 85%, 80%, . ./5% 70%
homologous (g\r%oé?}é%n &é%%ﬂ'reorﬁai of f{)a% ddg%g”sagt{]%e _géés' %%ﬁg?ﬁ%@aﬁ? ﬁs{é’g% % NOs;
2, 4, 6, 8,10, 1PmeIPCR guaptifihiop of bustepig ippmepseagodghofiiiseass. GrrapvMigoliglogss¥o, 52,
54, 56, 58, 60, 3,264).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; morelﬁrigg[g,gwar%@mnmpse, duck, turkey, parakeet, dog, cat, hamster, gerbil,
rabbit, ferret, horse, ¢aw, sheep, big, monkey, and human. The inyention also.contemplates
the method of prever(lfttllﬁagmoorb ?3%{ﬁ]§§érﬁvfﬁl1‘5’pr}t/|f8nag? %V_ .gﬁrf/% ‘?;‘%étg}r’f’;%gsfﬁ %ﬁagf%mgf by
administe?thg traisirasiivrsicd Irbosy serindido afifriplind dithtdrechivdit e Bel8fEEs listed
in SEQ 1D NOsink 18¢ proteir cadoddBoylthodelnch cdil b2 dsed FordHer@@n8d ard3i 3o 3it, jathodds, 43,
45, 47, 49, 51,93, 20, 20,281 d, 8280 SEAEACES A Br%,0hI8a%), B2 %e 99, 85%,
80%, 75% and Oco[}élé%ttlllg é?g?lzgf%e%re?&_%geglegr rgm 100 té’ t70) to tyhege sequences. This
invention also B¢ & Aot érpr&fertitny or treating an infection of B. hyodysenteriae in
an animal by administéyin@ijzanfakiihakaivace necconthiningdnererimaeesphot@igshhaving the

amino acikseqyance; CONIAINOE L RE: B0 BPNEs A, §; $718,13213145,146, 18220:3285,24, 26,
28, 30, 32, 34, 36, 38, 40 0,52, 54 56, 58, 60 %%ﬂg%nqt ?SGalor sequences
gous

, 42, 444 46,48, 5 , )
that are at |ea52t99%1y0%396%§78§9/0, %63/6453 789 ’asﬁd5§05}d %r??ol% everysﬁﬁeger from
100 to 70) to theRet sEthirsneasiol hehavs malddifeetaralriss sy anadentied! sneBSIAP Nawd., 3,

Ereferably, chri]@k%rb, gp,q%t,elﬂku@h si,tﬁdlsﬁm,, @5’}%@@%3 flag, @ﬁts_ﬂz@m:meﬁsgﬂcbﬂh In@bbit,shemt,h |
orse, cow, sheep, pig, jmon , aln uman. e lnvenuon als nt metho
of generating ab i?ﬁrég’rg’r %dp%c?/n@eeﬁ?}ﬂé%pgﬁﬁtﬁ%f%ﬂleg“ Fr?fé gﬁhéa%%%’é%@r/ﬁa an §H%
immunog&ic @6 pekiidn(estreniiriceridronivte 10 s dnsatsaglie icdursiddNA SEQ ID
NOs: 1, 3, 5, 7vRcihd odBNATGmInfind @nloompostionlcbnBthislthd dudmtidd scBiendt 04SEQIDA7, 49,
o o aiG, B 8% A SPOFSRASEES I 3jes8 1308 98%0 990 85745 3010750

and 70% identical (@nd"évery integer’from 1 0 these sequences, ThDIS invention also
covers a methdh dt-Génthatint} it iAnhtierdaepisncs thrtteaiash By adifiritarifg td 1A
animal an immusdogenikaam gositonydaririrtiog d0kior D5otiose spqoteins Talkngdte@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, 5§, 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)



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 function&faisadrsttirrptitonEntseaiiies PR SHnschig sl d ML FAT &R of
naturally-occurtibty@ming, acids, IExemislary, a2 aditis 3dihdude,atdraly-sbctirbagtamino
aﬁiO!S: analc?gﬁ,@,eﬂ\/aﬁiy% ﬁ?%?@ﬂ%@,;ﬁ%@“f{ﬁé& nRRBlD e AGH af\@dgg_se@,almgsg%iamide
chains; and all stereojsomers of an any, of the, foreqoin n animal can be any
mammal or bird XA IS SR AT MANRAS 45, S Hh SRR EEbir ferre, horse.
cow, shee® pig, morlkeylsarel dhigetaf tEsdansplies oBirrdreiditernititre R Nfobsinedhek,
turkey, and pargiegice of SHh @SR icansenwedirasjdog refers taarn e Aicbshas,i3 7
member of a grgjIp,of 1N ag) 95eHR) AMMABIGRENEE IS kpynservative

ﬁ@%"%
amino acid substitution™ réfers to the substitution {conceptually or otherwise) of an aming acid

on (co
from one such GHIGHINFECEHTEIERNG B%Yﬂlgrsﬁﬁ?%’?ﬁﬁﬁéﬁwgsfdn fonal way' to
define 5 commo$) propettiez3hEREc?.idtlisid 44l HEniihd aditld is4 4haly28. tfe STobh Alized

frequencigg) of amigg Agid CHRPASHREINGRRFALERRRBIIRG PIRIEINS:AS RORQIeLWs SEQ

organisms (Schulz, G..E. and R. H. Schinne inciple rotej rycture
Springer-VerIaé?. %%E&r&rr?g 7[‘05 stieh aﬁ%@i’e[sg g{b%gpggoiﬁr%%@ ’<’;1ejlc§|1 s§h5;‘§y§' ’ed'%iéfalhésd t\‘/;/]here
amino acids witlird b rodp@xehamds peekébentially with each other, and therefore resemble
each other most in theig impsies onnanleauer &l hprowiRItrusiuye(Baptocndhaaing th: H.
Schirmer, Principles of Protein Structure. i -\erlag). I i [ ups
defined in this r%‘%a“ﬁ%%?“?ESM&%":"(?S"ga‘“é‘s‘?ﬁ‘\/%?é%%ﬁa{‘e%’%fg’a gé@ﬁ%ﬁ?nggf’ %s] Qﬁ’rg%%‘ag" ﬁ? is, (ii)
a negativély-chid@dPrdts Atafhity Bidtanti f)‘ﬂsg?(?ﬁ? h %»cﬁ‘i’réﬁc%réﬁ%ééoﬁtésiﬁ’?ﬂ&‘%he,
Tyr and Trp, (igbiaisragie mvingdognohpvwepriginintpiiis anchst 1520856, aliphaths mohipitar
group containing,\alyheltshd 809 ReHAmIRAAIQUR QARG Mekans Gss, (1) 2
r

small-residue group containing Ser, Thr, Asp, Asn, JAla, Glu, Gin and Pr jii

liphati grous edrtainily dut i ol ekt Eytate Hork Sk By di
containing Ser $na6TH#. 68, Gudidrproteilt isoisfasinepolfhétivtionfers weihirheric protein
as that tesp is 206AOWR IR IRBoRRARMS INNEGRRSHYELOH LENenme thdsddamyBditdheiart. In

I fus] tejns, t t if | '
Cortan casee, IASH B 1o T BN IOl oA ERras Shiang tha hediod ibein

may be operabif. #8kéd . rarke &b eAt2td. fsi6h provene psissrsuaneaidhatats ety A

fusion protein @y, kwlidenobmeplid@srauensRSs Hanike isapte fpeciEsoTdyanmheifferent

species. In varigue 23 embodimenis, ieUsion P PRPYES Y FoataoneA! Morg afmino
y

acid sequenceseﬂlr]ff?(ge {0 a hirst po 1i)%(;:-ptlde. n the' case where more than one amino acid
sequence®® fudbdio’s ifstpdiribpttie 0tid Alsin EebiSActh A ! ih ARER BPIEL bt the
same sequencajsinaitasnadiualy 2 diashbeidifferarianine acicbseguensasyiife kasiamoe

polypeptides may e fuseg i IRAN- LUNINKS oG Golesmius, of el 8nshGaermiaussof the
first polypeptide. 30Exemplary fusion proteins include poly eptldes contal ng Sloggtggll)glone

5-transferase tﬁ% ‘(@3%5{9@?’ ﬁ%fi;air?é’t?a% ‘ﬁ;—l @ther),é%ﬁ %t]}@ﬁ%&ﬁ }]ea(l% alh or an
immunoglobuliBoBintitigrubTi%ihomolopiaas terthre SisptateslqoulyipebiidEQ i@ toZadpbigpdtide, in
certain erggodipents prapateshiroimsespmpnan BNAsLRN 1Qug gy siheticQrginnenatural
origin, or some, £ Enbi%%%'on thereof, which (1) is not associated with proteins that it is
normally found @it ure, (2) is separated from the cell in which it normally occurs, (3) is
free of other proteindtfibtnother swrseoédis fayasionde hxg sycsghidessarprgsriah fsriathfferent
species, or (5)fdeemd 1ok aeans ihnatue sdhispessibiadonaEuates:polypeftidelexid byt not
qualify as 5a puifi ide., erm yisplated, nuglei id;; -4S ,

polyn ucleotide'%’e Ee’?%gf%ﬁgp%g%gﬁ%%g%’t-l%Dé%v%/hgeQQﬁg r %é %qo’r%?é%Ngg%ggﬁ%bdﬁ %ﬁf&?gm&nﬁ? NA,
iIRNA, or a polynueleotide obtained from a cellular grganelle (such as mitochondria and
chloroplast), or whether from synthetic origin, which (1) is not associated with the cell in which



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

150f nucleotide®®THE S LRamaoASY Badsress Fasbya Ad St “4& et Aighs “aA%logs of
either RNA or D)NAmadegfrerumiusieptideserfelogdOand))ds thp plivailes torthaasmbdéihiant

being describeghgingle-gtsansies (Quek) as senseoraNiEenss) Md4lasbie-strandayl4s, 5o,
polynucleotides Tp4e Stg gg (’r&uge}% ac ads%f rlt}le i%}/e tloglmacrg)ge r@g}ynugleqﬁ(ge q{cthe invention”

refers 20 to a nuCIelt at encodlng Fhe Inventi nuc eotldde of the
invention nfay GeHsRIE awreﬁrswp‘cmﬁ% éifdé)@(}bjé‘@!’ﬁﬂ&l@f&‘ &W@é&r@ﬁé‘é“&m&%%ﬁe
sequence at leagiidhQ¥Heoddd Uopr3RHHoh O 1HI2Hin O 6%d,sSincO BStadicd VS BEIMiNalst@,al i bject

nucleic acid sequgyieg (anl aeny ijones e 09,5l 300) BruclReidsseguenas hat

hybridizes under stringent conditions to a subject nucleic aC|Ldn nyclgq#dg v
sequences enc%ﬁdﬁ?g(gs%lﬁlﬂe% ﬁéjse?ﬁ%qeﬁe‘?ﬁﬁﬁﬁ’c?ﬁ%‘fﬁ?‘@ﬁ VE ﬁ’f %aiﬁgﬁ/ﬁe o138t the
invention; nucléotidésseandciiteboenbadingpdiyoaptides dbhede? ol tooboscmE4¢580%, 85%,
90%, 95%,98%, A REIRIBOUS:0S, lecel with 4 ryhiped aming agisksssuenes (gnd,every

integer between GQ%a&d 4]609 gbugﬁe %% %% ge()% e?glg%ge%g ﬁ %p} tldf mg%vm lgsctlwty

of a polypeptlde of the'invention an av'ing aist about % 95%,
98%, 99% or NBACSICRERM IS Bicithehmad wﬁwsa@ﬁw}é&t amino acid sequence (and every
integer between 60 ands18Q)ion Glaotidensasiiancasitoaisifiebhy ibpmimstidydg 5p 4nid, 15,

20, 30, 90, 75 QL USRS AUEISAlAESH Bl IIRs, adAIHans 1 lptieNFs aboth am allelie wgriants,

of a SUbjeCt nuc elc aCI %eence nucleic acids dérived from and evol utlonarlfy related toa

subject nddeicRcid-SBqifeAted2aft o RMrmantd:of Ahd Prietddtithed S8 GURAL SRk from
the degeneracyroht thastdstie 0260384, ROYa T Bk the 70Pe boimndpand Gtidervey ditigeatiets Bilthe

invention. Nucl%m%@%qﬁ&b&wmmwmmmm@e hamelegs, ?29140F6hﬁl0ﬂ§5 andpakalogs,
of a subject nucleic acid sequence and al 0 ofa u@e&t 2&1% %Jg 6 ce which
have been codth %)Opﬁﬁﬂﬁz‘;ea%?dstﬁe%pp%sg a 4% E)a& (ol i‘ars %rgamSm e. g %ost cal quﬁe term
"operably linkebfts sintme doroimgetbialrentitiohieHiptddnd warotpies hml@é%@?@@léns, refers to
a juxtaposigion Wﬁ@ﬂéh&ﬁ@&iﬁlﬂﬁ@[@ W0oR: 8 At Bsiup1permsing, e o to4{wectignonstheir
mended manngl JEolC AR MP 6 ACADY SEUCHCSs WS URKRS o Bifk SORIDGREGRES 19

ligated in such a’vvay ‘'expre'ssion ‘of thé’coding sequerice’is achieved under conditions

compatible withtdsesiitr8P%e 88ents, Rie g IWhrrgiesasdmst eysiatiisss GendQ e )
inducers and peijnspsassacehinedio 3OO cunirnlQ 6y euilainry shi Ui (2) 24, 26T & term
"polypeptide”, gpdihe, tepmg "Ry Q??'Qai Q@%Spﬁpgge&z"%‘% Y& 6‘2'5%@' iiegghandaakly AgRn,

refers to agolymer of amino ‘acids. Exemplary Ypeptl es |ncu e gene products,

naturally-@ecurtiigpindieinse Htﬁ‘ﬁ’?ﬁfé}@g‘t%?ﬁ‘}éiﬁﬁ% AEFEHE, gg’t’ﬁ%‘f’“fg’ﬁ%iﬁﬁei%a&?‘fgwa
equivalents, varlamsmmm&agsaﬁmmmm@m mofhpdterahly, gotkps pide.fdagment” or
"fragment”, when Lised. I LefRIenGe fhfueiSreNCama YeRTtR S RIRFSE0:H, BRIMRGING S
which amino acid residues are deleted as compared to the reference polypeptide itself, but

where the remgﬁ’ﬁﬁ@ amino acid sequence is usually identical to the corresponding positions
in the reference polyBegplidentisuelodetstioplet@Chnmptionscefrragvendngri Heatdintisesion of

::arboxy teoMinkRIARE 18T %{;ﬁﬁaMWm%ﬁ@@ﬂ{WﬁlﬂabﬁﬁNEw%eIab‘ﬁtﬁymfgalhé are at
east5, 6,8o0r10 amlno acids long, at,least Ci east 50
Or Mot nucl éj cglcesl IW(? 9%08 130 Ly 150673?8 %9 %

amino acids long, a Ieas AMINO Aci s ong or at least” 0 or more

amino acids lofgy. 22 FadméhtXad’rdébai de‘or that® oF ﬂ?esér(ﬂ%@%eﬁla@hﬁﬁ%ésdﬁhe
reference polypeptistes {.cattainaniod rornis g foegmentzbntaidecicy(isd evepmagehaving

the desired biojagiqgl act ANd apiiaball AN anRh NG AEITONGNR Aehaihsies of

the domain, which additional amino acids may number from 5, 10, 15, 20, or up to
100 or more residues. Further, fragments can inclugle a sub-fragment of a specific region,
which sub-fragment retains a function of the region from which it is derived. In another




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; afeafifirs Htf?@t?,’é@ﬁén’eécfwaﬁ@”a‘t e 4L E 9 Y eHEESUNDIO%E DEUE 2 9606,

97%, 98%, or 9@%ihvmakngaLstetnaubirekAMinamachd asikbeticecmntexaryiiniegssiiptween
20 and 190); ang {WCtona) Faamsnia fieieolo 29'32Q%'§§536’f3t@%4”¥@'3§046 sainahdg

homologs, e.g., orthologs and paralogs, of a subject amino acid se % It |séa %g ossible
r% 1

to modify the sﬁ?rc%r%‘off(’fﬁ@ B1$5els AR CGFREROETRIBH ‘I‘Beraﬁﬁﬁ?h & fancing
therapeuticSor Fp ydadticteffidagyysdrstabitityntese. frem Vg s B! #@wem@ame Theproteolytic
degradation in ¥iyQ,16{GkrRMaR Aﬁmmﬁﬂapﬁlmﬁ@tm@ prheIbYesiGRad deotelaiBphieast one
activity of the natu aII qsccurrlpgm(g{‘:rrm ogtlh lH)rg) z?%roersgon%d red functlrcl)lpal e%lgvl%lents of
the polypeptlde% 3esc’r 8B T ToTe GETal herein. o gdihed offy gptl es may

produced, for |nstanc"éhed?"aﬁtim’cﬁ]ﬁ%Rﬂ’@ﬁb@ﬁfﬁﬂi’éﬁ“ﬁ%‘@ﬁfrﬂ%‘?‘&%‘&ﬁf&iﬁ&ﬁ“&ﬁﬁ?@ﬁ”éﬁﬁ’ﬁﬂutlons
may consist in wiiRieepamikyegisanaiing antinagichRuosiprtitmsokohingtanoe nibis

reasonablg,fo %@@8&&@%@&&%&’Iﬁi@&&@ﬁéﬁﬁlﬁ@éela@“!ﬁ@ acid subsiityiqn, sueh as o,

replacement of a leucine with an isoleucine or valine, an a%gartate with a Iutamate

threonine with &%sétine:; WilPfroPhivda Preibr gﬁséc?%rr?'clhg 81861831%@@[ 8‘?‘1?&%‘?%%? sulting
molecule. Whethest &eohdFgoNlis%ahie Alidiseiiiéntatohbgdlysaptitkercisenitd A & 70)

functional homejeg.mayReceeadiy fetaraingd &y&ﬁﬁéﬁmo@%@mm of thewaiaonse
polypeptide to Produce response similar to th of the wild- %pcﬁ LTln POI%/%:1 tides in

n an anima 1n1 t Tin §{ n animal an immuno loa nt ong or
which more than'one repI cem akeR place may rea n me manner.

The term Y§uriffeefe pétf@rsswﬁangdb?eam@p&wmﬁwm@lw@d@ﬁﬁ@dﬁt%ﬁé&e‘b Hrédént20(i.e.,
on a molar basis iu(5$ MoKE 2Hoada g mnansotbesind)vizlual spesiess,isiise, soapagiticm). A
"purified fractiog O? I3 Acomposition QEJ?LE‘lth‘? £hies, tp?,pz?:%%d%?&ﬁ%ﬁh%@‘ﬁoﬁ%lgg&&@”t (on

a molar basis) speaes present. In making thé determination of the puri ?/ or a species in
]

solution or dlsdé*i‘él?)‘f?fbth‘é%ﬁ‘l\f@qt HIOHeAPM QIR ReRUmE S pbreniraadis RElreab Y PRI LpEPERY is
usually not inclardigsirirsotelprdfztebiyi oisticen; gosteaticiomiyktiyepspbeie @b trdiaaing, tvebdne of
interest) C%SO'Y&@;P%QJ&F’%&@%&E%%EF’% gt‘qoqggyog@& apperally, 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 essdisildidimogeme ity lfioent@minant species cannot be detected in the composition
by conventional detection methods) wherein the composition is 30essenti a sm es eC|es.
A skilled artisan may Ha AR H Ao At H5E ?ﬁW&h‘ﬁdﬁfﬂémﬁ‘%?éFﬂng(ﬁct%%ﬂ?a&eS’

protein p@ificakian ineighthetheretchvigstd thinrtRiaitBoley pbbrpoplidémsinbe determined
by a number ogﬁg%m%mptﬁgntmeg{egklll in the art, including for example,
amino-terminal aming, acid s uence nal SI el eI ctro trometry
analysis and the me% JS’H‘e% e %‘r“’e t‘T‘ﬁe {ér %PIPé’cec')nr’n inanihegg %uﬁq or

"recombinant pmwlp@ptmiche:felmde @qb@tympnd@vﬂththsapm@@&wytwbmmﬁamaym
techniques. Aﬂ)@{ﬁgm&lﬁléﬂﬁﬁlﬂ%lmB[QidﬁﬁalW@l&ﬁd@@rﬁﬁ@&Wﬁ%k%&@@ﬁ@@ﬁgdbe
Mot - RN S LR Rmngc&dﬁ% duiasedife
transform a host cell 10 proauce the protein or pep Ide enco e DNA.
term’ regulator%?’ééa%}@ﬁfd@“%ga’@é‘ﬁb%t‘é\%‘%%@ba{ Titsalienen Rt ﬁ%ﬁf)‘ﬁ"tg”i%i‘f%o
polynucleotide sequencesmsuah Bsatiyitigiiambig bads, Iﬁmhmlmeﬁnermgulatmmmspnamoters
that are necesggry. g1 geg ahleiaAlesbie supirasian heaeipaANthAaN ERRG SeeyRACeS

to which they are opérably’linked. Exemplary regulatory sequences are described
mclude chickeén, goose, duck, turkey, and parakeet.



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 regionsTbf phadetarmod scstties ' cofrmobregioims feidthednt pratetnoficuthe of
promoter for 3-phashkegeaiatekinasansthptalcalieenzymesatihe aoaiars of acid
Phosphatase (g o) IS, B AT QIeR AL NN ARl A BRI RGP RSO MR

promoter of the baculovirus system and other sequenc nown to control the expression of

genes of prokafyetigerratikat e eLmeiae thisif o beens RIVAr oL st mEiINAY EhEiREreof,
The nature Bndcosenaf pushrttebtekseadantesumay ditffeisdepehdinbcupomnethediogiergenism.
20In prokaryotQﬁ’aﬁﬁ%‘aEﬁmﬂﬁiéU%%&?E&?e%&ﬁ&lﬁé%u&éﬂﬁ|bﬂ%ﬁ5%&£&fngﬂﬁ9§9mé}l@iﬂdin9
site, and transcription t rgé ation [geqcuincefsp 'I;h.e erm "regulgtomfgﬁa e %gc')'ri min eglu%gd to
include, at a miﬁiﬁﬁ’ﬁr%;%c{o %B’h"é’h SRS presehce may inflighce ex(}i’ eSsion, and may also
include additioriatisernsonenes antiesseeidsasarheaiesngd vdwtasaboscidralihifeoveerhinge
sequences andyfeRiRMRRY W &RHYRBSERd RREsaIBsEABROGUITBMES nibarNadiptiampal andf
polynucicgfide Seé%%?”r%‘fci'éM&E&‘é&%ﬁ%{‘@ﬁ?&% ﬁ’.r ISR PSOERLOF AIGk S%Q.Ur@%?ry

sequence which controls the expression of the polynucleotidé in a cell-type in whic
expression is inerrese Vs dsgmpieiridarensi slamhdefrag dubie srarctigtile iker the
control of regulaseitivsgghepatswpichtainnthieysaireaod Hiffdi@anfmnviyodergebgremces which
control expressig, @RI ALY: AR RG IR Gl 1AM TIa TG & Hogen

of bas

"sequence homology" refers to the proportion ag Wtches t?etween tvvto.nuckgi? E_cid
sequences or tHAGHSPER BRI EPRHIFBGER MARIHES DRSS IS Hrin i Se i e U EncEs.
When sedliencethbmdtogysiishdymessedupsapimioeMegad £, (G0%smat-iseidse grage denotes
the propc:jrtion Qﬁﬁr@%ﬁg@%@mﬁ K, Iﬁ&g@ﬁm@,qma,r@? ﬁi@mra, depwdiseauepeaghat is
compared to some other sequence, Ga n either of the two sequences) are. itted to
maximize matc (?Iﬁtal;néngp{/[aeﬁl%etﬁs 8’%% %@s‘g Sb&‘rnpe%}é)gfqgi ﬂéﬁgﬂ%ﬁggapug %é%%gl c§ ersasl?are
used more freqiiEntly, with 2 bases or less used even more frequently. The term "sequence
identity" means that secusgacps@aie weniitalfdligpepiic regiaotidibyrinpolettidataasisfor

nucleic acls oL AMING ARG B5IKBASH[R1,RRMBEPLHSS) RURY A NG Blubpics

comparison. The term "percentage of sequence identity" is calculated by comparing two
optimally alignéd Mg R JheF ATe e M PEIROR WRRRIS SGBIBFRYRRJFE MO e BF
positions at whisky thexiclentibabalyindeadid segnanuei entides, dedusinibtth sepbempasty yield
the number of matehRd PRSI 4 VIS IBRINHAPR R MAE batARSHON S IBRHAIRY

number of posifiops in the comparison window, and multiplying the.result by 100 to yield the
10 percentage ‘8?‘&8&%%}%08‘}8%%&{??&%%&6%‘%8&85|?:?ﬁ%{’f’é %%%g'é%lcé"_rf’(ﬁ\tesrft?tycﬁa‘renkvﬁg\?\}“‘ﬁ to
those of skl incthkoditnents thieSsibad!imdetidecrad seathbateypr morcEtine prid saepres kwused
herein with ref%?m?t }9@;,99&9.691@@0@;&%3&\@?9mmi@m@aembaqmmm@at wacénst
expression in cell culture, at least some portion of the polypeptide or protein expresse
remains in the E‘;’/lf’g’ﬁf’;lsr@m%efra% |tb?le%l1‘eﬂ%e”g§ré¥1¥ qﬁ&“ﬂ%‘é‘g %%%% igﬂggcé[‘?{nngé’té%ﬁ% ’the cellular
debris upon lysibeanstivebntrm dadisiontrainpesie scoprnentint bs Bisyplptidshmons fitsbased
by a variety of artieNagiizes tethedsinnchidingfusinl tondrhetdtbiiaumiamindacid
sequencesdlelalian ahaming: AR IRE SRR AC ABRILIIAR Fidh, SRHEDIAL

sequence with amino acid residues having hydrophilic side chains), and chemical modification
(e.g., addition 6FRYtBhRMIGIRLY i 0mn SOIMBING BT BaBRIAR MLy Ise PREL bR #ising
a variety of art dewaignized techniques, including, dynamic light scattering to determine
aggregation state, UY;aRsorninn-63hiifiaatoniaserpsaieater sortes fiamnarmeggregated
material, and SDS gel electrophoresis (€. 5} amount gf rotein in the . oluble(l;;agtion IS
compared to tHE RSP FSPBTERTTRY é‘%&ﬁ b?‘é %fr?c#’l ATt HALIORS Bombinddy 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%, 50% or more soluble, e.g., at least about



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 |eersbialyoutti@esf sehidhl 6 bindohilispriotid cdthpieains Asbitismermibydennsrpitbtein
from a one literigglliGltianas sepatH@ tRSRLheRACiH st tridimg Bosaie(s) i tietectakle and
specific nucleic agid binding, Eolnyieoldes. aligonyeleoiies ANdDHGISIRAGIES RIS
invention selecﬁvefy hybridize to nucleic acu?i’_ tanci(g.under)hy ridization and wash
conditions that FSRFT2E apfFdR B alis nptellt Betadtabied Brinayifs FonbpE AR aic
acids. Stringent orifidtleposaaidbe used to achieve selective hybridization conditions as

E:‘C’Wf‘l in thle a[_tdand gi%qm%gonggmc&@m&aux@ tﬂ@i&lb’&lﬁfﬁ?ﬁﬁi@oﬁ&ﬁ#@f@&&gdentitlll betW_eden
e polynucleotides, 5oligonucleotides, a ucleic aci in iQ a nucleic aci
sequence of int%‘flég\f‘i)mt’ﬁo%‘g}efggﬁeﬁ%‘fhdg%,CLDBﬁ}o’,’%%g%?’ Aé@%é@% 80%, 959, 98%,
99%H_or mor(;:;I _(gﬂd@dmﬁidﬂgg@;ﬁém;e:wwamﬁwmgﬁb@r@mqwﬁ@ééﬁhwwﬁﬁ;wn and
washing conditipmsihes &R E\AIMBESoHRRC W RN IER heORHHRNRE ROE@EHRY tOWEIMRa teslaled
nybridizatign proceduresap a5 described S OT NS SIS SALGaneHians
or "stringent hﬁmmlon coqgﬁtions@éeéi;er g%?}logﬁ??aﬁti% S vgefg%prqrg%tﬁ sge%ﬁ{c f%/é)ridization
between two ¢ FhBHYERy DR fdé SRPUS 6 A YupteaSHiAtent
conditions mayhefkelpaieddeobd-about 5C lower than the thermal melting point (Tm) for a
given polynucleotide ginlex, af2/delinga.Rnis.SHengRRAR R o thisfihe
complementary polynucleotide,strands,a‘hd t oe{?%ﬁG_C 15 con%e?]ttov%/ﬁ% etlt(aﬁrpine eﬂ;l' m of the
duplex, and thl}’é’fﬁgtﬁ%ﬁﬂ?%%‘mé%w&ﬂ%ﬁé4?8’@@&?&&71?8? BEiAMY E desSire PGt of
hybridizatich. Tefedkieeisithdlhe terpersionld fenbiendefitred fomiduivangmispenisHpaessisich 50%
of a polynucleotifig-samero hveiidizas sacknrRuerilvenatehadgoaplemartanyskiaad. In
certain cases it may be eairabIF toin reas the stringe cy of.the Xq)ridi%rz;ui‘gl)lg1 conditions to
be about equaltbt%r\‘?:%esf% tor Hpar tirgﬂi%r §ﬁ§]ea§<§ %"vg‘hé‘%‘/‘%? %S%Hnlfqlﬁéss Bf%reestimating the
Tm are availabrelynyglredilgs-G-C base pairs in a duplex are estimated to contribute about 3C
to th_e Tm, while A-T pasepairschie @&Iimateﬂmﬁgn_taibutﬁ)@hw&cﬁi@q m(-phtmarethmwetéﬁab
maximumgpef a@ﬁi%tnﬁaéilcoa%ﬁ-er';&%gv g?]%%@é&mﬁqﬁ@&%mdﬁdPymc%mrm@ﬁaalﬁom

which G-C stacking interactions, solv ects, the desired assay temperature and the like
are taken into AEBOTHIPS #bPEketsRohioHbEL APl AN HItRe S ifSEReRtRH
temperature (Thshafsprodirtaic BB 5% Si6, BT ORYILIa I idet{@ MG W) est (RoleidT) x 37)
- 562)/#bp) - 5 WNGI& (2 E e nidAPERA DR MoNRGLAbAIRRIERERRNERARROAIrS, the

number of adenine-thymine base pairs, and the numbﬁr of total ba?e P irs, respectivel
involved in the YOPSRBEEIHE HOPISE SHISSHREISSASH FRUSE BiFrelisRusr cundt
SSC, 3x 88C, p:3S8ddxBECdmn o5t leastyatmidesionthaingepisgrsudagdes, 12
hours, or 24?%&%&@@&@@9@9&%@&&?& M&g&@iﬁ@zﬁsg%,mmtaeo,mse@seu,twsadpm,tb»egc
stringency of the reaction, for exa . from about 25C (room temperature), t :
200 550 GoCEES réd%%ﬁ%”@aﬁﬁosrﬁgge.a%0rﬁ%y_bgﬁg’Sfﬁcﬁcﬁdalge@Va?%aﬁ%ﬁgﬁ%% B e
the stringency, st WRmipsleoting Bradpraeicrceding Reterpntideid pins emee st R PR H TR
increases the stidngenaynohbybriizatian Moatdeti)eoicsote sature0t, 95¥hedyltizatione
reaction rggy bﬁﬁ#@éﬁeoq :’I‘aé’nﬁt?kﬂ %!%%j%‘ét%illﬁﬂo I%Ei&’!&@&@&%ﬁd"&@é{? ileRELWICh spaygbe at

the same or a di salinity ‘and temperature. For examfle, 5 the temperature of the wash
may be incread8®iguskiristesraustsrybacifieobn Lsutesse rbdn e atind), OaB8ER 45,
50C, 55C, 60ChehGjdershibgiitedoishaidithets atdgatimmg, beckendletiteduinntise Hr el mdaustcac

detergent, €.9., Q4L O (hée?hm RS . 5AY XD REm YR UlizANRR D 2R Iolauwed hydiie wash
steps at 65C each for abqut 20 minutﬁelﬁ #n 8@," SC, 0.1% SDS, and (%%ir?trl]lglcl% two addittional
i

wash steps at E5EESAMLPIBLTESE RO egucpees resulting generacy o

9



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 SBECgRAY-RR SrahdithofwestingrdohireBCdarstitiof BlsdutcriomiMuddn 0.2x
SSC, 0.1% SDQ¢ids officizasionsancRnsisbiofhyridiziog dyvadweleigs pdidsuigjcsolution, or
e e o0 LAMCISRAT S, ARCECI0. A SULBUBR A I, VileD one

nucleic acid is on a solid SUPPOrT, a pre ization step may be conducted prior to
hybridization. ZGOW@HL}‘BHHFEJHB?*PFF&?%WW@&“@&PW% &t 15581 hour, 3 hours or 10

hours in thessame solttionrartdpatatiiglsdads, tdmpérativiegasticbtvyishigiatiom setutigizipwithout

the complemeniefyBANRUCIGRUSEHaRGon wMBBQHJ'@L%ﬁU&EQ%QQMi&QJﬂQltipﬁb‘énﬁfﬁ!nEnOWH to
those skilled in the art or may, é%'{ﬂetermlged ex mentali%I q killed artlsa ee for
ey’ %“’

example, Curre B 8{HREIETASatn Bt tm@“gf v SERR SHUCKE \PRE
6.3.1-12.3.6; sammkaelodingﬁgsgpw@lbmw@mhmgmmwa@m Mé‘?ﬁf&l‘h@oﬁ%ﬂ‘gﬁ?ﬁ]g

Harbor Press, I\jsXehl&oe‘gﬁawa&(&@l&lM@Hﬂﬁd&l&\w&dﬁm&ﬁm&&iﬁﬂwsﬂwm 24¢nlifissen (1993)
Laborator;i a‘ ecgpl ues,in Bllc%%rl Z(q'St% aa ‘g%]g, F gboﬁda/grmg&m& W%M&I@c
f ncip

riate
Acid Probés, e grti a ter Verview o es 0 ybrl zation and the strategy of
nucleic acid pro‘t?é“S‘G?“é%)says , Elsevier, New York; and Tibanyenda, N. et al., Fur. J.
Biochem. 139:19 (1984} and 'Rhieheidet ahd 13iarheitpraddinl 208 3¢H8B2 Jvhich ﬁheseérm 'vector
refers to a ”UC'%&QELQ%EQB?HL%% [ERRSRY B QIGHRURIRIC Beid iRy biEbibhas herae

linked. One type of vector which may be used in accor(iwnﬁ{g{ﬁ mventlp is an episome, ie.,
a nucleic acid c%‘iﬁ’ﬁlﬁf@dﬁft@iﬁﬁfrémd’ﬁ?ﬂg&%ﬁ'ioll‘élﬂﬁé}:?ﬁg’ e RSrE SREINE THosd capable
of autonorhdus stpticatioicat.d eqtessionabionotfidoacdeisto which they are linked. Vectors
capable of directing thﬁ&éﬁi@ﬁﬁi%eﬁ)ﬁm&%&%mi%@ﬂ@){tﬁﬁ@h@@a@im&%m{@%are referred
to herein as exlp#gessmn ect(%r rec (teg]gral A[ESSIO ect%rasaglf %'.1, d‘%ég re%ombénant DNA
techniques are 0 en in therdr ebrf Iasmpc?é ‘reter to circular ub?e stran ed DNA
molecules whictprinatde @Eﬁdl‘tf?fﬁ@?ﬁi’a'b@%%tb‘iﬁd% Hhere oo i eRsihietishte is
specification, pjgﬁany@li'eaml; aBtebriasposiag joditiehangy e adttyeas: ity plpsdni Bisiidelciast

commonly,ised,[Q/01.0f YIS IMEYS: BISINENoR R NIederidoplifuenpther forms

of expressmn veclors W IC serve equwa ent functions and which become known Igﬂﬂt]e art

subsequently hefemstiygyied nfamnent e shiHecietioP A 8Y Wenmed 4l £agb
reagents to deteatriheidsdeanecant20sihdé of ihartangeidd Nig .ot R Seqjinencids lmgybich

they specificallyhind. sHCs RS 66961550 UR m&éaﬁnkﬁ)vﬂ&fi&agorﬁaﬁ%me@t SRHEIRIcRUM R the

invention. In one aspect, the present inventjon cont mpl a method. for. detectl the
presence of a rﬂf&‘&@‘gﬁwgfaﬂq ! ﬁ@gﬁ?fSﬁcgfegcﬁé’ﬁ Ifﬁ%‘i’(f% C%“%‘%grﬁ?ﬁ AR
steps of: (2§ 15provichingisne digeinheléatitie @sméét@gmlrm@mw‘éym%ﬁ@mdqmﬂal

0"90nUC|eOtri]dealf}ﬂmgmi?lﬁﬁ@ﬁ?%f&@o?&@%ﬁﬁxml@i{a@@iﬁl%ﬁhﬁdweﬁi&?ﬂum}r
contactlng the qligo | Ith_a am e containing at ast nen el n
(il gn E' ::'i(éy gl )y a 40, PfR) % ée\s,b Iﬁ‘? 9 l%r ru ? E& Lgcqude

conditions that permi fon of the &lgonucfeo 2 nucleic aci e Invention
or a portion thetéwf-feagaqed e wesifg ﬁ?@ﬂo\‘éﬁﬁlbﬂ%f%@?ﬂﬁﬁ%ﬂ%?e@ﬁﬁ@‘t@%ﬂ?&%ﬁ%‘?,‘FH in
the sample, 20-ihescby daiesting iheRrestodmeitpamtigieiat acig inktHainmeptidaperparpartion

thereof in e sample,|n aeinel AsReetr e RIERGIL M:m%&gwammtﬁm methgcor

detecting the presence o he invention or a portjon thereof in a sample, by

(a) providing a PFARGICEhIEIatea PR SHGFR bt e PWHP&H“&G%\?W&@PE‘?&‘F&“
nucleotides in |tk pobpplédeantarinig sk gue petisroffa sl ensioithafl tvaurngertionjeand

Whelre'n dthe Segh&%%gﬁit,,@ et mﬁ w@%%@?,l@tlﬂﬁa@r@ EW%'%W paideast ten
nucleotides apart; an ontacting the oligonucleotides with a s c | east
one nucleic ac%“lﬁ’ﬁ’d*‘lff%ﬁ‘fﬁfﬂﬂ‘i‘éfﬂb ﬁ‘b%‘ﬁ‘aﬂl%%‘gbe(’cﬂ"a‘fﬁ ﬁ%‘y’?ndé i %t%%a(};l %éggé’]q%%hééf

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

of the



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 $g&rit) to BB AP A prInga|s A BRIRT YRR sl SHTHCRSCHSSLRSBRMEREEE, or to
reduce the symptoras &hdnddiifdsiaf finetiise dsenitikdtanih aPdyestvecoitis infedied 28ne
manner of USingn@ﬂ&%ﬁ?ﬁ&%&%‘@%ﬁ%@aﬂiﬁ%&#@ﬁhﬁ%ﬂﬂﬁ%Téh@@é@il@iﬁer a nucleic
acid vaccine to the anymal, at sk, of bel éh‘ Cst&dcﬁiir 10 e 3 Lf ek geina infected,
Nucleic acid vaccine tethn °I8° |S°V\?e gcribed in the art’ g’n’f’e descri ptions can B
found in U.S. PAEPRSES ss@w@r(ﬁfé@fp@ué%aqJ)muahg&@aféﬁ%ﬁ%w%ét(%@rféwt #ifu.s.
Patent 6,673,718 raigany; Bipad)cand ibdaddadent Gyd, 1403 Sudhaigditied ebBheiddaieihacid

vaccines can b%é%‘é&%@ LENECS %&ram@sfméuxumm& GetraRpARTbiBiathe.animal
(see WO 01/2353 et al.; an 889, Malone et al), via lipid com ositions giee

Kin
U.S. Patent 5 76@%%“5"“&&’5%&?‘%?%"%“8 RS PR HRSRI A i%‘ﬂ%\}f}ﬁ"l‘ﬁ"tﬂ‘éf EP?I’&'I’& Su
Expression vectordittaipalgsisddy angfegpeshintd badisrieabicimiandésabhtifitistedeldtiontion
target animgl toigluse alRinRosRRiERS PR sSiRhaRERIs DA s Y tha.Ru@ aatides of this
invention contalngq on the expression vector. The expression vector can contain eukaryotic
expression sequences “Qlich that the nucleotides of this invention are transcribed 20and
translated in the host ZHit#ssAngaité ihsapanp e fecangstdiiphisnbaed Compr it AEeRid in the
bacteria and themiranpatadindthplesianimatudiheyacieialsas asvaicamierahte with a
Sxpression vecig ahgld i SHEWRAISIRHE S IVASILS R GAD: UE G oDIAGHR Ry of

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

attenuated But SHFTAVERRE0RSA Shetsy ﬁf@%@%&fﬁ%ﬂglﬁ%ﬁ‘ﬁé%ﬁﬂ‘& f{ $peynsptidprosults
5,824,538 (Bramstrimuighal ooiSegRate b 81y dektn(iRalbelhsesang the Silac e 61501170

(Powell, et al.); e HiRteRtfoalQ Ak R REmiGE &) ala@&dﬂé@ﬁ%@gk@ﬁ%&%&ﬂ’&%" et

al.). Alternative oI nucleotldes of thjs inventipn can be ed in cer a|n viruses which
act a vector. VngIT’\)éE% s@gﬁrﬁfﬁ%?"g%%é%sttﬁ\{émbpg S Cﬂﬁp |§e e 20n¢

CIlRe) EREDH 815 TR Qliface of
the virus, or early polyhetsiwotiiediost tafsritoentbiacks e mmmmﬁdﬁm@ﬁ@tmcms present

polynuclegide igdranserhigchanddiansiainoniig faraipiet brivaimapsiedteadvith the viral
vectors can develo une e fo the ote ns encoded b ol otl es of
this invention. 'Icﬁml‘% ‘°“Wép‘b n atﬁewateoélr gr%\%n (g’hl?ﬁf‘gc {glr?%ﬁje XJ?} cgééngigr%i%b?n the
animal which re®enée Rﬁéevirfap\?é&?!ﬂ’sbae%ﬁlé@eﬁ‘%ﬂféﬁ%clﬁl‘ga&% 19& #%ﬁa%ﬂsn pabent
5,283,191 (MorgityGir alspetieSinRsliginh by dbfchin,(fhondesnmenjantek &l it (HeSpirtant
5,712,118 (MUtgQilyed or sRBGRPIY IMEIRAUT T A0 HNER IR ANGE HOBHBPHR Specics

expressmn and over- GX%I’GSSIOH of a polypep tide of the invention in cells pr $agate
(0]

culture, e 3P to frstidice ﬁﬂ?fe?ﬁg‘fﬁfc&ﬂ}fféﬁﬁ%édiﬂ{?ﬁﬁ%ﬁﬁlj"fﬁ%‘iﬁﬁ“&ﬁ%ﬁﬂg WoieheBtides.
This invention perifinsdopasiast ol hisansteptedaiikth ia mecoiiistant Bhefislopdersprexpress

a polypeptide of,Ya¢ IMBAKIRN. HbR RAsLesH §5aY 038,268 DEkREY it QF ALkARYQtLGall. For

example, a polypeptide of the invention, be e ssed in,bacterial, cells, such as E, caoll,
neect cells (oad VISP AR B PR B B G P S R e

RS E )G es WHen
host cell is huntateciediaipaorompnsition becimgthinnad dpiectiondbibeds) vabiaTbe LenesHien khown

to those silled.ndhrifrh HdibgRRNY Atbaikaskael ﬁh@)ﬁ&lﬂ‘}sﬂﬂnﬁ@ﬁﬂﬂ%@m&ﬁhvﬁiﬁ% using
molecules not ypiealyfound nhe oSt eaazds splimias Gxeietsion b lneRalypepide.
Alternatively, the nucleot it e altere optimize expression in'the host cell,
yet the protein Priyaerside M %mwahymmhsgyft@% @)h’@ﬂ?’fﬁﬁ?‘gi’%&éé’ﬂlb}‘b‘(@ﬁ“Other
15 methods suitehidgidg fomaxinpizj agiexpesiskd andhdheipalypepticelysl, hel kkovoplierdtigse in
theart.  The prase %@&mwmwmﬁa REvRNSdLamsHedR efproducing 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



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 encodlng all or a selected portion of polypeptide of
the 30 invention, may'ﬂbé*@@@d sqmbiierie gt R IPRIRITERha T RGOSR b haridd or

cukaryotic Ce"Ulzaﬁ@fQ(iﬁ&ﬁQSd bigatighineImqy eReaidete ap@kympta!eesm feansiiost, such as
an expression veglar, a%@@ﬁﬁgrﬁmga?cro{{’ﬁ‘gﬁ@&imm DRES: fithen Glkatriiglyeast,

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

procedures, or ﬁ’iﬁﬁ“fﬂf’éﬁ’ﬁﬁ@rtwa@df ‘M&S}‘ pesLimpros/erma it pate l‘gﬁ‘éfﬁfbtf?’?a{ﬁ?lﬁglybept des
of the inverfiionrolypaptikstaaioded &psho Dissue-culture technology. Suitable vectors for the
expression of a IOO|yp@ﬁ'@ﬁn@éﬁlﬁak@%@@H@éﬁd@QMQﬁ‘eﬁﬁ@M&&ﬁTthﬁaﬁgﬁlﬁﬁﬂﬁlfﬁb‘lﬂﬁﬁﬁeﬁlwd
plasmids, pET- d«;rlved Iasrp qls 0P-322-deri %91 mld;s. 5 Blc_ercgerlve!f%alasguds
pEX-derived plasml d@ coadéerls\e/%‘& Cfassuc S an er ve lasrhids for expression in
prokaryotic cellsregtragie aﬁﬁl@?ﬂﬁ@mﬁﬁé}éﬂ%ﬂﬁ%@?ﬁmé%ﬂ%%%% et aaBRYEe
plastnids and trgsgséacealioniaf thasirotganisiaae Welhknowesinatbhe siqudnossaibersritiable

eXpreesion 5y SRS R CA LKA AN U RIRIG 7 SRoE) RS.9EE kiESabinant

procedures, see Molecular Conln A Laboratory Manual %Sambrook

Fritsch and Mam$8% (oitP4Pring W%Y‘B‘brﬁi_ﬁﬁ'ﬁf’a %r’;l)’ifr"é’é’é‘“i@é@w@ﬂ‘gﬁr@?g 6%nd 17
Coding sequenedsdona polypaptidey vhditenedtinay hpranoorptrdtsdiasm, fertrofysifasibn gene

including a nudﬁ&@%@ﬁ@g Ree ensRding: 3 rileentselyRantds Jmmm%wﬂm@mnb

contemplates an isolate ucleotide cont Ielc aC|d f the iny |on nd at
least one heterST?J& f&&%ﬁ%‘ﬂ%@‘%ﬁ%&& Ik oaﬁglfeg To"gl%%stp%c nctfg fi¥ mrcliqlﬁr? acrﬁae ro
nucleotidel§eq d@ﬂmlmtchéilfﬂml@ﬁpla\ﬁdc@fath@Wﬁ@wfﬁiya@‘xécéﬁw éhﬂ}gﬂﬁi*ﬂ?rﬁ)fém
containing the hgtepalegatsaTRl/PEREsl s lRie sl 0g gesRAPRRtisEmayehelftisadiio ()
the C-terminus of th%ng‘¥x%%E'&ev%L§$§q M%Q&'O&er(bé t%ﬁc!:\'s SIS S AL G, PQINRERIIFE Of the

invention, or (c %m terminus’an “terminus of the po yéjeptlde of the invention. 20 In

certain |nstancﬁ“?ﬁgﬁaﬁd%@%@%@éiﬁ%ﬁfé@séﬁmr&sﬁow Spficrs prevhinatigsdherebtection,
isolation, solubilizaitmcad/ o stahdization] eddradeotypepiidaltpendinghupbistiobed ohgastshother

embodimeypys, X ) ides5teh A% RANYiAES Jale, MYC,
A ooy o S ﬁ%?%%@f%%@%ﬁﬁ%?%&ﬁﬁé‘%%r%%oi*.%*‘ malise #éé Fd.%g

protein, poly arfifiiEsHERIETRERLR KBS0 ﬁcﬁlaﬁ%mﬁﬁf;&%bﬁﬁﬁeﬁ eth, and a
transcytosis pejtitide Atisiminiexpressipmsyistems peeache neefinfluiencirisdiosirndlaty ghoduce

an Immunogenvﬁci{fagQaamo%%&@M&%ﬁtm&fﬁaﬁeﬁeymﬁ%tfg@é@xgmk@amaew&’e@ capsid

protein of rotavirus ma d as an immunolQgic carrier protei for ortions ef polypeptide,
either in the mono ncfyafl(? rﬁsﬁ’r RETRE FETRTTSF% g’ﬁzfln Blélr F(PJ Ce%uc e ey rot d sequences
corresporifing mlmcimmfeﬁc@ﬁ@%@Wé@‘ﬂh%ceﬂm@fmﬁﬂ@iéﬁft@?%ﬁéh(a'rﬂfb?fdﬁiﬁﬂé)’to be

raised may be H@@%ﬂ@ﬁ&ﬁi@iﬂBéﬁt@lﬂiﬁ&ﬂ;ﬁ&ﬁ@:mm&éwhwhwﬁdaﬁlwdﬁ&@@diﬂgvliieﬁ]uences for
a late vaccinia yirys stinctiral protgin f ‘he rot Ques et ALl ﬁ}%‘)ﬂ”l?ﬁ%@l”&}’d YSR BT BRING

fusion proteins cgmprlsmg a portion o ein as part of the'virion. The Hepatitis B surface
antigen may al§epgel BflT%HWﬁ%WSaWEﬁr%mﬁﬁvr&ﬁﬁﬂéﬁér%m%%ﬁg‘ﬂ
fusion protelnsmﬁbamtgsaqnmﬂmﬂmfummphcpmphgamﬁﬂfemmtﬁymmtetam the poliovirus capsid

protein may be createy t&:%m el CRIRILY (SRS piPoRARATDRIE R PGNP
0259149; and Evans et al., (1989) Nature3 9:385; Huan et al., (1988) J. Viral. 62: 3855 and

Schlienger et a?uceingg?jl je‘\‘}ﬁl]fﬁsf%i Spropomon of amino acid matches between two amino acid
sequences, When sequence homology is expressed as a percentage, ¢.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

12



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 matricesrésee, for example,
Current ProtocoRsfintiseeatehineBiandengtises 1A brsaber letsare enally: et tonrspriosgasand
1991)). In anothgs:erdaaelimentiha tisio Bryas ascochegor-arpukifitat it keastwgegoence, such
as a poly-(His)equigrokinase el aaasalic.seauenee. abiG NilgraBys iR eaitag-portion

of the recombinant protein, may allow purification of the expressed fusion protein py affinity
chromatograph;‘)‘l&é‘iﬁd%df\ﬂé?‘Hﬁ‘é‘f&?‘fb@(ﬁﬁ“\*ﬁ%“ﬁ'ﬂr}?ﬁﬁ‘éffﬁﬁ’?gﬁﬁéi"%@c?ﬁgﬁc‘él?ﬁﬁvﬁ en be
subsequently remopeaidoby Treatmepbsdtingneé sokimsadtotipydidddaiaciDp gofieeripediein (e.g.,
deggigg)huli etT %lptri]ﬁalg%?Zbigne@m%m@&;g&anmcf}%mszz »@n{a&,a@mgmgahahﬁmrf@ USA f
; : echniques for making fusion genes are well known., i €, jQi o)
orioue DN R T e S0eE i B RN e
accordance witithe svvbeis matdsd noriines, Ertbre g Brbst L meddrretitigye Petiaétermini
20for ligation, restrigiionRkHYHe e ahg estipaitonprmdsie, iag appisipinigtactasiny fiding-yieidfibe

cohesive gpyls §r&8&£§3%¥Qet&cﬁyé%&%tggM%E??%?%ﬁfﬂm%&ﬁ&ﬁﬁﬁgm&%@%H@plﬁ iRiping,

and enzymatic ligation: In another embddiment, the fusion gene may be synthesized by

conventional te@h#itiiR dfrtaatdssstibstiaabendpad\htfsizers. Alternatively, PCR
amplification of gene Titagensriteivhi) dered trednovittusiiogranthopqiyiertids wilhetinyinsigise to 25

complementary gy haBgSHREIVEEN P WPLRRSEGHENG OaME - a0 Y pésimsxsubsequently
be annealed to ?nerzt:ude a chitmeric gene sequence (se&zJ {aor exgry (!gz, tggr(}wtﬂlﬂ%c&go& in
Molecular Biolo}g@/?’%easl. %ﬁé’ﬂ%gf‘é?%ﬁfsﬁqﬁeﬁ |e1y ; onbs:.sfﬁ@. f n other embodlmerﬁs, the
invention pfovideastiorataiidithe estulefdghes npemtiol sndrerapifseationnbrhe bnts stphekibity of »
including, plategoRiesaliaiapipdaschaesy beatsy pritelesrdlsphaces iflndngliaheso s
precipitates, geje, SHELS: HInd. GONIAING! S LARN A IRSnPRANP-SILES «filfi LIS NUGIRIRJACIHS of
the invention may be flmobilized onto a chip as part ot an array. The array may contain one

or more polynuéicotraehiEiie serrshEfoMBeaReasisdeaseiitving sriehibsdindiintheathip
contains one orchesteapabyiifirclént(dgs aldtieniofedighibis graupspf an array of polynucleotide

sequencegdrom the sgm&,ﬁgﬁmggﬁ%ﬁmgm %Qd@%ggggzgugg@)oﬁ nadRbgiered form

of the invention there is provided isolated. 13. hyodysenteriae polypeptides as herein
described, and tﬁf@B@H%"’S’E)‘TWﬂ’(@I’E%’ﬁﬂE‘%B%fﬁéf‘%t&%ﬁ% 'atﬁﬁ'ﬁ“ﬂ%gé%é%%ﬁ%tﬁtiggs. More
desirably the 13biwysdysetutriiiasipoly peptitesmasgrdiide domagatesatastaiprinleid $RSrenl
Preferred polypgpiidemorkie. INMROLARMINHAYE DRSO s MBISHRIIAIC A RFRRE (8% @nGunin
O, O O e e PP e R e DY & hEN O R MRERIGE B/ ptional
polypeptides are RIS TGS Withily ¢ € scope St TAvention becaise they 10 may be
useful, for?Sxartiisieclircalitesqbithetavsntion M dgsh Ry GRAE Biees: The Bibldtiealproiietties of
analogues, fragsmmgésvrEerdoat|\wes.&lalivestuuitkypa Msybaidetermined Hios,aesnple, by

means of biolo%b@gy,' RES, 6 4)5,%%!%63% Vpkitng.a0iegee. fagmenisiand.drdvaiyes

can be prepare . e.g., using the well known techniques of solid phase or solution
phase peptide 5<Hdsdaiad ivtureyiplosraisifirsioasdnssrtroRnmEut e s s el.

Alternatively, thells 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 cxemplary embodiment, a
polypeptide of the invention is at least about 10% soluble and will producc 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
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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, paﬁ&ﬂé’é’(" foUTPRAFC ﬁ‘it‘i‘r‘f%?/jsd’ﬁﬂc %HP"W&"%’@“ ﬁ&‘?ﬁ’?ﬁ%‘r fB‘i’flsr%‘dﬁml‘@F@t horse,
cattle, and sheepphrizhiianalups hHisciybinbmiing tondaisneteific it ey otyispmtataditions

polypeptide anal&%g%e%a&@%@%%am&m%@&&&wm% ARIOR PRI hSRYLRNGSBErein
one or more of Epe am (ﬂds are aubstltéjted with. eng{hgr amlnt p.ac d wq p dsgbs‘,tltutlons do

not substantially after the ﬁllgg ac’tnf“f1 Sfthe c(ﬁtl‘g%n ﬁ\go drdin Ing to ‘the invention,

the ponpepﬁde@Itﬂ)tﬁ@qmi@H’tﬂf?ﬁ M@ae@a%réémﬁaﬁﬂw@rwféﬁémiearwﬂﬁéérg%rﬁa
fragments or othen Besivalivesqremaiogueshmeofnind sring o Sivn piuticivns, snawloduded as

on Inununogen L0 AFBRIAS ANNAOR 58, 1h 95 0B AR ACNDERILeS. RAMAIRSUIC s

"antigenic" when it is capable of specifjcally interacting with an antigen recog dmgg fInolecule of
the immune sys‘t%‘fﬁ'“g{h?cﬂeééeré‘?{‘n‘?i’rﬁﬁ‘?i’é@‘I‘b‘?ﬁ?ﬁh"t’&ﬂ‘t‘ﬂﬂﬁ%‘if)c%rf’*?gcg|f‘§’r¥ﬁ‘¢té°r‘? B+ RA
antigenic aminoraciasetpndnedesoritaifigthtibarsinabout 5, and preferably at least about 10,

amino acidg An antigﬁ@@ewtignngé@ mgﬁeme&aarb@emmmmma&dmﬂmmua@ﬁ@minant for

antibody or T cell rece to nlt on, ar.it.c nJ) rtlon sed to _generate g bo(fiey to
conditio q specific h Iyl tlo ween WO COT IP rT'r rggl DA
the molecule by conjug & an g nic portion to a carrler molec or | 1zation. A

molecule that |§‘éﬁl‘i‘§é‘hi’é w&@@m@qts%ﬁﬁ&ﬂvhwa@ﬁwwe éﬁ@%ﬂ@&ﬁéﬁ&%ﬁgcdﬁ"fﬁﬁmune
response withoufaa armiemnAmelani pady! Tig)anyaignvaupaglohediticingleding amikddier and

fragments theragledh BIRdRR J%Rgtﬁ'{,] FEABRT AP ERARRARSRS BaAlANG.

monoclonal, an meric ant e ast entioned described in further detail in U.S.

Patent Nob54,SE0e pAHarES B Pt (e s Ang B A ErIOH BT dtiRseees
|nclud|ng Fab, Fead@dijitnanddsited firclfidingQipgidiciam Rinibodicb).tAgeordin@mdehdefrdse
"antibody molegyle” qiﬂa %hvaﬁ{d% gr@mgéh%q;ff@ﬁ AddBRAORIAI W%P{QE@]%HW

intact immunoglobuylin 10 molecule and ap immunologjcall ac({lve tlon of an .«
mmnootobPHTELCHE B SREAIA SR Bt oL L At R b Reeh s
site" is that struefthahyvidieniof emditivits cobentokicaleldo thpTimddr omadiaviprahipltght chain
variable ang hypeWaﬂaﬁl%{ﬁ@ﬁ%ﬁrﬁaﬁ’éﬁmiﬁ&h%%d&&ﬂ:@%i&@l& Exsicapiac-@niiody

molecules are intact |mmuln09rob Ilntnéqlecuﬁu I ou ?y mtaqlti]le ntﬂggkdgyg&

0 Conl
molecules and H‘IOSG pouﬁons Ofeisin Immunogiopulin molec at contain atope,

including those 95t deiinTl therbitQanrars, f%“ﬁ'(‘d’&‘)‘%ﬁ&ﬁt@?“@@ﬁr&ﬂ&p%rtlons are
preferred for use in thgthetapreticopiiiiadg deackbeTnnarsinilablefhakiandtatkdhportions

of antibody mo'ﬁ?c"t‘!l@t%oﬂg sAlCRARAD thfesqgéﬁtg&wkgtﬁs@ﬁ%?@a% BARRILANLALRR Account,

respectiv fla y Intact antibody molecules by 20 methods that are well-known.

ely, on substan
Sec for eénplgorw"gmﬁ&té‘ﬁ‘??%a‘hbﬂ?s’%@fﬁ HAYE BAISIOGIIRD BrpeTrs ¢ gﬂl‘ﬁ%dy molecule
portions are alsomediakndyn6020) e the dotunéd Fom(EIalfB2 pa2totsiokAed BR)/féduction

with mercaptoeflipRol &t erdiskiioleRORd UG ghﬁlmcmsmmt@mmb@mfo"owed
by alkylation of the resultin 1gﬁﬁrotem m rédcﬁ%i@g |th a}r) ent such as ipd acetfil éde An
err

antibody contaitfi Ay R AR EBS R G S b, AP Y e BrAse ™ the

"monoclonal arfibyedighief e daplous grammatical forms refers to an antibody having only one
species ofgntibody cgpahi;niagoﬁi%ﬁ%@&&@&dﬂ%@@a&tmvﬁmwmmmm&n A
monoclonal antdl&oc@ég%r ttyl%cgabl Ie}xszaﬁ sin Qﬁpsdl%affln%yzfgﬂ % §5l%%p with which

|

it iImmunoreacts. A monoc ona an rr'\ay e?e ore éontaln 3 an ant

fecule
having a plurali®y ¢ m%y%mbf‘?ﬂﬁ&@ﬂ%é t‘éﬁb%h’?ﬁﬁ%ﬁﬂ@tﬁ@‘ﬁﬁ%‘&ﬁéy?éﬁ’faé?ﬂben
e.g., a bispecifigq@hisaarisy tnenactanpdantdad wbout Bhe, B0, Saefl vard, vefs?s.tdle

compound or il et RAGRNGES S INMIIRJRSPARREIRARARUARNLAR SuaRbran

serve as a tissué depot that slowly feleases the antigen and also as a Iymph0|d system
activator that non-specifically enhances the immuneg,



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, mcomplete Freund's adjuvant, saponin, 5 mineral
gels such as allpwdiza on/envshicied Bubraveseca g WibGumnsridedprrrss r%ﬂfé@?ﬁﬁ?’i 0rgluronrc
polyols, polyanibytsidpapiites, diied yefaearbon emulsions, keyhole limpet hemocyanins,
dinitrophenol, and potﬁr&tr@twéﬁwemnagwanavwwaag%&baeﬁIa@a&r&eﬁe@uerm)

and Corynebacterlum parvum. Preferably, the ads‘% nt Is harm ceutlc Il @ cthabI

10Various procEatirEEMRnEIA Mghe Ak %%f’)’?l%gra ﬂ%én Y S SR B QRGPS
antibodies © théhplotypeptiies e wesh mm@rrpr@mdmeupmrd@@@mnwraﬁma@p%ﬁ’&rgmt

animals can be impariegddubsniastiorswithsive mokpepitlevidhe. inventionsipchagling but not
limited to rabbits, mice, rats, sheep, goats, eic. In one; embagi é%%nnl;g paly gpﬁ%@lé}gm

n fsl
invention can be conjugate 5 0 an immunog nrc carrrer ﬁgg e serum albumin (BSA) or

15 keyhole limp&t aﬁmmms%%agﬁém%fe i B8 D& iftrehs & DS,
immunological raspptiae|ldepentdiigneintist sngstaspEscl e schificl vt & utimatslimitéd $38Creund's
(complete gnd ig¢ripete), mineral gels such as aluminum hydroxide, surface active
substances such as lysolecithin, pluronic oI ols nron eptides, oil W& uIS|on hole
limpet hemocyanins, %xﬁwpdﬁﬁé't’i’&f’egﬁﬂ'% HE ﬁ ?ﬂTWu & adjt Lﬁ?lanr'snsuzc mna Bbg;t/t
(bacille Calmetta-Golatien canwmwyﬁﬁ%tfamemrtn P Pgnhardt (0R28p Bﬁéﬂa(?é%n of monoclonal
antibodies diregaﬁvtﬂmﬁr%ﬁdeﬁﬂy@mtmm Jaedmramrapa@rmamhﬂﬂeﬂaemmrmeM the
production of antibo oI cules b i II ines in [tur hese
include but are fitt 7|ﬁr|%/| ted %on}‘ﬁl S?rel%l ‘I‘ﬁm nfu[fec ﬁl% Le %Wafnaﬁgescfg\?%algpe(? #;/%%K%jﬁ eretal.,
(1975) Naldre, 2wings iz $56. Qﬂ%.%%ﬁww@ HRESHLAR AN R AT PRAIADINAYEE hique
[Kozbor etal., (29&3sitnonuasing)y Today, 4.72], and the EBV-hybridoma technique to produce
human monoclonal “hsiiRdtRle aifks (G don0dlanal Anitedics and CRade:

Therapy, pp. 77-96, Alan R. Liss, Inc]. Immortal, antibody-producing cell s can be created

by techniques GfifbindAHifn<hnUslfihicid airckediaASRiHIYRSH- 618 W‘H%%ha‘é g fihcleic
oncogenic DNAcdrisransfelitismpmwitha30EpsidiraBantaimsy BeendigedprBr Papbridixeion.

4,341,7615¢, 399 A kiafbdldA i 8P A idalR Y fof o RehsPAiRuth 486 Blifouty & 20200 IndRels e
and 4,493,890. In an ad itional embodrment}l fthe nventlon mogv &Joqat]hantrbodles can
0

be produced mbﬁgrr?r“ﬁ’eea}a RS (i ‘?rﬁ‘éurreeﬁsetn% Pé’cﬁ olaryllw lict'cocr)lr Ing ‘16 the invention,

chicken or swrrr@taﬂnmedresn@iwdeouéeﬁrma can be obtained by using chicken or swine

hybridomas or by tra&ﬁfﬂfﬁﬂﬂi@sﬁ@%ﬂ&ﬁﬂ&iﬁﬁ&vaz‘i:rld&%\t&mesli‘sfcardd AQBeEiBEMiaythe

o b e SR O B %diffg é} 0. ShrisAnibediesy attion et at
rh

(1984) Bacteri Y eta ature, 3126 4 '608; Takeda etal,, (1985)
Nature, 328 A5 Yolcaa{ s PioiRIrig i Bork-S k'S rISEZb Gitiadyn eTBEaRk StletEor a 5
polypeptide of thsiéamentioriigoe hdoraily yemas fCand SpriagHbddyProlge e &fx’egnpmﬂnape
plological actvi.Gaf fewsistlaman! AdkeAl TR N09 seoneaY RisnyRAtRn. Such

chimeric antibodies are preferred for use in thera of intestinal diseaSes, or disorders

(described |nfr£‘°§]iﬁﬁ’é9'fﬁémlﬁﬁ‘i‘@§ Biddogichlye Eﬂ‘ﬁ?@?%%@ﬁ&g@ﬂ?@ LS he 84
induce an immumptregionaeicin Paxiimipbes afhgliedgidice spd HeeirHirgmnstivelsickoid eeeiring to

the inven'ien, 1gGIguRSEsRURab IR AGURION.of sinale SAURIRAINSSTION 3445 oRRtont

4,946,778) can da rod c i hain antibodies specific for an polypeptide of
the invention. AFISC }dﬂ%tr‘le?? gzrﬁ {;%% %02 lhvention utilises the techniques described for

the construction of Fébeé%mewﬁn" efesyies [relse wideaade) Qasepitag aughepmslaiogdifto
allow rapid and@asitdaentiicatimkef mﬁ@@@k}rraleaabvrna@m@me iswithuibe desirad specificity
for a polypeptide of (e Invention, ; . ANRGdY! dﬁr”tsfex&]écéﬂrﬁ%éémd & ifighpeidne
antibody moIeche can be gDenerated’ By nown tecﬁnlques For example, such fragments
include but are not limited to: the F(ab1)2 fragmentyhich can be produced by pepsin
digestion of the antibody molecule; the Fab' fragments which can be generated by reducing



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 radiojsotope labels, for example),
Western blots, SFEEisitists heseaunile 5@‘i'ltﬁ’ﬁEﬁﬁﬁrﬁg%%“(eéﬁf’f‘&réfsé‘ﬁ’g‘]%’ﬁﬁéﬂﬁﬁcﬁl&%lys,
hemagglutinatiorhassaysiiedmhepleveantsfixpthbnofdseym githmexmoftitorefsrarice abishybeypmstein
A assays, ImMueRIREIIPRA RIS APRAYSh&1Sn I8 CRGBIRcdimRNt IRpikedRinding is
detected by deteefing. 2. 1abel;on. the primasy entibady. In 30 angtherembodiment. (15, primary
antibody is detected y eted Ing mdﬁqg of a secondary antibody or reagelﬁt to the primary
antibody. IrPa fuetbicp eqtlaciavbies trsietRNAdaricakBighid isE oM A Hmagledto
known in the aritfoshetetessing hinklipgimaspdaititioadpaayidnehadrecatiittintheedcope of the

present inventiqp, For eXamRle,IQseIeeL AN Rodigs Ml ScPRISe.R RBRE fifoGRIGPRLS 2
polypeptide of the invention, one ma%[ assa% generated hybridomas for a product that binds to

f venti ( P
a fragment of a'PEYRStE et iPdudiy LG EHRB B FHE ISR also
covers diagnostiquivatin fagmtiostieniehivb dschond stevintindhoreteeareshiy hysdysenteriae using
a polypeptige of the inyenfianARMsraribadias whiah bisdlaihadcnolvnerideeiddien.

invention and kits useful for diagngosis an npsis of B. hyadysenteriae infections,
Diagnostic and RS TE ST e oA DA SEaEIah i e Sy g,
obtained from afchrirfuldaeierning dvikrehoberavmion Al sairipieadd Rifde s R EintAPEtissue or
fluid suspected.@p&nMkaiRtRchaiivEACHY SRItEPRESIL feiddToaddicliyptiy pantacas, sonitkit O

polynucleotides, gy s RONRSRISS. FrRNAISS 2Lk Gl iEoHE ALANLE KElge by ot lmited

to, plasma, serum, faecal material, Grine, lung, heart, skeletal muscle, stomach, intestines,
and in vitrbTell ERTig &b ARtk ot it eIk stesUISRe e b SR Rt de bR he
presence of a polypepticerpicthednicenfieniclei seidh thevwithantive fileaitgtistehs: (a) contacting

a sample SUSP%‘P&@Q&M@@@QJMQ&E DRMRRRYLS. the invention wilbramantibos:
(preferably bound to a solid S%ﬁ{%@f& at speci |calli¥hb|nd§ to thﬁ(&%\éﬁ)ﬁptlde of the invention

under conditior®S TR LAY S S P L A B A A B e e B PR A RS KAt odly
and the polypeptigefinthéiniptsaticmhvhridizgiod efdbtipligeneciertidaiohnaslpicrsiibi Bsrimekes
comprisingghe aptbpai-and: bRIyRentiderafihayentiomdmikeisatiel godiairisodaiaation of
the formation of regction 20,.complexes indicates the presence of th I Ide e
invention in the%%acplgrf #not e é%ﬁ I%/m rgbgsu%’gg§oﬁ§%§ﬁﬁpﬁ§b r‘_}\rélﬁt]gg %g zig%?/tz%?}ﬁgm an
affinity-purified Betsrdents aisliiomid of thednsratioreter apTion hseridomatniBo ) Praviieston, it
is preferable fopdheranighatniualehistas sttt esctinbenichtiatiamm dfht alnldodths F(&ophor F(v)

portions or WhOAgﬁ%ae% QeSS &%@q&@yL@f&yop{@fmﬁm,%W&Ian ARECHIRER 0

hyodysenteriae based on the above method include enZ{}rge linked immunoso_rbe4;1é1assays,
radioimmdnoastlis’ BinniHswEs et atricoTelpRERETR AHEHb ER 2YR s 88l e Bliding
sandwich assaysuusiing siroripotaunibtided feitipolyaidnabemitibgaidsssTinemsachpdoodeures that

are especially li?ﬁxfédlz!d{iﬁﬁ%ﬁﬂiﬁ%ﬁs?@Yﬁﬁlﬁﬁgﬁg&%%ﬁﬁaﬁ% iRhdobafcapmanisthereof)
labelled with a detectable Jabel, antlbé%{ i labelled with a

oo Ao labe leceble abel, o aptnody Ab?
labelled with a FEEHEEEIBEPeRHE s r%ﬁa%*%%“gﬁ?nm%nzﬁ By e foliowing”
equations whexsircting tsteriskdinoicausicitanidiod thaieisetinn lersataton tigroafin Siasrpior the
polypeptige of the iNyg AR AspAA G tHA RiverAdh: AR p By AHIRPSE tdifivéibh is provided in

an expression vector containing a nucleotide sequence encoding a polypeptide of the
invention and operably linked to at least one regulatory sequence. It should be understood
that the design of the expression vector may depend on such factors as the choice of the host

cell to be transformed and/or the type of protein desired to be expressed. The vector's copy
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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" S5procedure, 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. Prot&th§ree 2hiti oAttt sra% autPs: 1 b EFIIRSITA O &Y BERARENGES. RE
31,006 and 4,0t6:613 b$tit ethter, procedutibd ivenkkownheidbeastiiderifouble antibody” or

"DASP" procedure, apd 5af-Rft'9&%h: I aFGMHINAIAIEAuNS RO MARPHE G hReimveBEasdorm
complexes with one or more 10 antibody(ies) or hinding pariners apnd one member of.the
complex is labeffed’ l\}\?ﬁﬁagc ?é ae%’lgo\eﬁt‘golgg%f némtaatl:rf %ﬁntg? a %%r}rig éJ)a(g ﬁeé?éefgrfrﬁé? 36’%9".’# °
desired, théam@lint theraatewisal BeerbiepmisEib b Rerhbetron E4pbiEibte to the detection
of labels. It wyBlipenserin, Gonrthe-athe vy fhalio ehanastefigiciprepef tiicohp dsethat it will
react with Abi. FRisreaGLIon ISREGAHSS &Qgiﬁg&e&g&gﬁﬁ oammRaiansResEs hashesn used

in 15 another species as an antigen to raise the an xample, Ab2 m

, ntige I : |boq$\%@ 2. Fore Ef% Og)t i P t,tbe
raised in goats HSHEBERAHEBEHRECHE g anala T4 RSR WEHH D E AP Ater

antibody raisedbring defts teBoNpeleposesyafcihidadbsdeptio vadhdbsstabads n AsianilSomgeferred to as
a primary antibgelyignaAbrvvidhia referedita as secanshaey anantirAliantibagydhe labels

most commonl loyed fqr these ' re.radioactive el S Jchemicals
that fluoresce %h%e[gl%rk%toagg’gufg? uﬁ}%\%%%? 1?9% S%Hefiﬁgeairg’. a@‘fg]ﬁ? a;ggc%%f?u%}ggﬁﬁltgr%gterials
capable of beingj HolidBu!eis salerssinerrge FriBiessEde mseasTieasamaliree. A particular
detecting m.ateH@biﬁ;ﬁiﬁiefﬁbbiliﬁmﬂbmﬂiysmmmttgimgaetﬁgand;:mtlj M@t b eesh, ﬂwwgseein
through an isothioaypnate. GXAMRIRSAL BIETRHEH iSpians InglAe 3kh, Bkl MeciAngifl: 570,
"co, "Fe, 9Y,125-1. 1311, and 186Re. The radioactive 25 label can be detected by any of the
currently d\?ailaﬁfﬁvﬁﬂﬁmﬁﬁtﬁfé%edures. While many enzymes can be used, examples of
preferred enzymes afxpesdmidaserd SxgileimmoksdBrb-glcoosidages 8 10 -galdtomid se,
urease, glucosg,exidasm RS PRIQXARSGANL AUBHASPROFRAGHAAC0 R BY ME Mt oRHgated
to the selected gar_ticle by reaction with bridgrl]g(;nmolec ﬁs such as carbodiimidgﬂsﬂ

y e

diisocyanates, JIitAYSIHEh SRR AIRE IR B SR ERZ S Phb el ?S’féésr‘f’ﬁé""até’_ ected by any of the
presently utilizetkeoigimenrissiepssyestioetntei s nuslentideceldhin Stomisriercaiseibitetric or
gasometriggtechiiquifsiatl i tRakenbNRs. H6HAL96y,3850pAbA0ens:d; 040p043nsebedfarred to
oy way of exampie, ok Gl et loau AL Ae a5, A0C HAQ (AlgLalangd Mehadp,  The
invention also provides a metno of detecting antibodies to a polypcptide of the invention in
biological samsrRsesHemYpeHaE Temdhiagisrunsd byt #ibUngeYca Petypr PirisfiiR &hvention or a
fragment thereshifbydnespatingra-hinogicalrsatypleowithysainhp ol ypeptidenwo fitiddmy/brtion
under conditiong Whigh allowi b RelFRATRR &' AR IRUPRAATIIEMPikAPISKERNd (C)

d ini heth body- I h th id he i ion i
formed, It anor & SHSBREREE the hSaFER HETd 10 DUV I SRR

evaluating the [@vetibfeantihbdicRateneopolpeiihecoétttle; imdcifoPelmbtidlogit tloseathste using
the following stgps: (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, vv}ﬂfﬁw%’ ﬁqedﬁp }gé‘l’c?{FSHdé’(S)?nrtJI%éS)?é‘éetcl:tcl)or'r}ecgggﬁ elgf’t%g fﬁéﬁr&}%ﬁg 568
polypeptide of #idchareatiesion ieabiettsaican sishaptupress timpleinsiod faisinygatispigethen vitro
methods fy MeiREBEHETRRR iereRITREESIE: ABeR S araRdIated with:Bediyadystateriae
in an animal hogy %Xc?e‘é?%a.%!?gﬁs%ﬁb%ﬁ&@'%&%E{%’X? (00 %T%J&V 1R fiARRRAES IR Ane viral
polypeptide of B mvéntion'ina series o |o?og|ca sar%p es obtained at different time tpomts
from an animalPRIYE GRS G STE peEraIoatRTe the Bt cncoded by the polynucleotides o

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
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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. 528eEBrEVEeR Bib)ebIaiREnt Sh iR Grpdrimsiows g or Batent
hyodysenteriae sy ive @bephgplished by directly amplifying polynucleotide sequences from

biological sample, usifg, b&?&%é@&&bﬂi%@%@&ﬁ&ﬂ%ﬁ&@&%n& dhe-RigRaRER MhROlNUCICOtde
of the invention 25 sequegy@ﬁ}g%l%gg%orm of the| entlon t etarget nucI ic agld

sequence is antPied By e‘fééPéla“d%.‘r’F HOPaRTIc 18 Sut n“fetﬂgé)s mentioned
above. Othér umiwlmmtt%hm@!@%f@ﬁld@m@ﬂﬁg Qh%"bi@@@ﬁ’ee of polynucleotide

sequences include, bykigigvaaidirpiteshias 1 hafcla-epraifieRER: 2kaingiensfaadeokder to
conformation analysis; 3 é?%”ﬁ‘&%f‘] A Iradiant 3&9&&%%%%%‘8 %?'ﬁmﬂr%\!é‘ﬁi:em&glﬁ&tbon

S
assays; 5) the USe ¢ Fp ich recognize nucleotide mismatches, such, as the E. coil

mutS protein; 65Hdig- %ﬁ@&ﬁe%@mﬂ?@d’ﬁ&&“‘éﬁ?ﬂﬁﬁ%ﬂ%@@éﬁﬁﬂ i bacRihenta et e n
addition to the abeait imethadls (palyiovicis) teketsglanencesmaljab ecdetéctedeisityg o mhentional
probe techgplogy. pihem RIARES A @rq‘x{:%qgﬂ@&ﬁf‘@ﬁv@%ﬁ’é@?%&%zﬁ@@f@& cells arc
polynucleotlde quenc ge biq |cal ség ﬁ 0asltys ch as pl%g ] pr scrym, may
be treated, if d ?@’B t?é 855 ALSHhR uc% hEEAMpIE poaf nuc@ FEBICES sequences may
be prepared in wif@ulsswﬁymeafbfcfma@elﬁéﬁé@ﬁ*zﬁq pripiaigeeuesienebthe Rplirspideration,
restriction diges{ignBIRHH aRRERRIBIOERAALRIONING: Tedpigeiatditegiorwehiig sampleell,
5polynucleotide uence usuall e a I t S
with the tar etlﬁlgSt z%d) ﬁ%tﬁlcé) rofi 1f.‘l%ée/d proﬁEl lﬁaﬁrﬁeg iq'ﬁgé%e %{stﬁrlfgoglljggﬁ@s%?cg%g fﬁ%}ﬁ%%m‘gg
denatu ratlb% wﬂ’l“?ﬂ’fﬁdéé“i‘@a’lﬁlf@dnﬂﬁ%%FxW?W@géﬁ%ﬁE’éﬂﬁ’H%‘Biﬁ hekanwaep 'llf?ﬁes’éeftfence
will probably needl to be denatured. Denaturation can be carried out by various techniques

known in the art. 108?11;99}9599%o&mls&ﬂﬂ&ﬁ%%%@m%m%mﬁg RIS HAdEF the

conditions that promote stable hybrid formation of the tar%—:'t seguence in the robe with the

putative desired L TEbSTET LS st tHamefeshnith BawraiRy Kigh ¢ ?f’nge%wcy
conditions are psbgeptidrdéthtcnyretionifalbe qbsitilesicDunretite ﬁoaﬁyo’éﬁimféi?é’sultlng hybrid

is tIJsliJ alll.\é Qgco mﬁ&%ﬁ cﬁyh@‘l%!lﬁaﬁ?:ie]é|§ét%§”beﬂaé)&%@%ﬁ@ﬁ(&ﬂgﬁﬁwﬁ%&nﬁf@amﬁd&wm
uniapele ut ma ctaple eclitic binding wit Igan at IS, abe,
rg)wrt:af a cP @ ntal P]lg Xg%)e %% dttlvc J‘l ! t?cférE own

directly or |nd|rec Ing pro are

in the art, and |h@rat§@e¢my@zbmﬂppéllrad¢dh@ﬂ% F&ﬁ@%tﬁ?&?ﬁﬁ‘éﬁ*ﬁé”m@@ P&"t%d by known
methods (e.g., nick trarsipdimird HORIAEN HIBENE DEkH g Bk Biptitubisofasetinharidifs cell
chemllumlnesce ups 2 xeta K S,
antibodies and t|£|1 "%(gm g%%oo“r’\ns o#%‘né bqa%s‘? 9@151%8 nﬁgg %}ég ﬁgh%\%ﬁ%?’%ﬁé%%%ﬁ?g gmg
those varidfondefiseiadibeh wisdrsbrinvet LEH%WBFftﬁ‘s"%f‘ﬁé"ﬂ@é‘t&@ﬂ“ﬁ’&%"&ﬁdé%ﬁﬂs
materials and/osthatgariplhatbieapighgd flitratihelabediegapigiatiralilis @isccbombehopigisethdvithin
the scope of thig,inveRkaR Ihak RGBNUAIGAIISROPEAR AP SRR AL ESIRUTIQaIBaMieMPIoy
a cocktail of nucleic acid probes capable of detecting the desired polynucleotide sequences of
this invention. PHEE TXBH%example to detect the presence of polynucleotide sequences of
this invention in a celfbasriplaslmtde stuamonmditsrbormpidenednmyico o pipaciide ofite

sequenceggs eml%é‘ﬁdn%%ﬁ‘xﬁéw9%&1&@@r%%ﬁﬁ£@f&iﬁ@f%ﬂ%@ﬁﬁﬁd%ﬂii&fﬁﬁ&ve|y 2,3, 0r

5 different nuclei Cld prob quence 30T nucle tlde enc C b rein
(preferably in tﬁgﬁf’ f% ?eﬁ’lugbé’s(j rcﬁséfs a s%? tb t}(rgncm aé)o%ﬁl% qa%eo%nggu%rtg %]fr1 a%
detection of BraéﬁWﬁ&’%ﬁ%ﬁiﬂm@mﬂmwaphw}ﬁﬁm t@t‘th%Sﬁoﬂﬁ%éFﬁEﬁé%“céy‘?ﬁ%rmedla

B. alvinipulli, B aaialbpEgit B-rifineesies), 08 prokigonhibaaads Beepilp sic ofindslidprativelys tidmilar
polynucleotide sequences described herein will form part of a library of DNA molecules that
may be used to detect
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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 ideor'itificzg\t'on of 5
the presence oPRBIEmRHIRY Ui heieh By B° MBGYRLIRERRRIRE/Br EHY SR (1)4 er
polynucleotide sttjuiencadboynmdtehtd theselidsuppdrtcTebhniares for producing
immobilised libraries gf;NA fleaies hayahear Aeibastibr theinrindae netadlyplaamstsprior

art methods desgribe the synihe iS.of Si I%a%tr%qg(%%\%fﬁl%%} %%,i% ﬁ‘i%é'ﬁ?vgﬁ’[)?ﬂ%?ds?smg for

example maskifig 1B ERRT egf{{c‘?" ilc du%ggﬂyaf%us permutations of sequences at the varjious
discrete poSitioPEMNH-tHerisefidlasbdyabX-(syerltemnidy pBE ag slrriyso Ripatfied RS Rd
method for progugings ¥ &mesiss inpnebiieacinssilicomn: slbsiralesodasachehadmniplgedscale
integration techiology.o| A UF e bl o Bhdona 32,834 dgnauihenatiaioa caiied

P

"tiling" to synthesize specific_ sets of probes at spatiallﬁédefined Iocaq:lons on.as bstrat?lsthat
cukaryotic ¢¢

may be used tdrSQUEBEr tlebls RHEETANSEHBRAT REPAPRRE DYWL it LSRR Shtion.
Patent No. 5,837 $3&iscoprovidgsaeteren sestole edaliéiasehrdube ¢y MerlisabBlused.

Thus polypycleglige SRAHERCE RGP MaheEybasisetibosiwenRtbierstgacenf the
substrate. Alter tiveLy GSingIe]-stranded molecules may be synthesised off the solid substrate
%}éﬁ&f 16 and 17,

and each pre-fo sequence applied to a discrete position on the solid substrate. For 20
example, polynucleofiddingergessestorapdesidead ireetpores tserupedana iSRG robotic
devices equippegiitRithandias Midizaieleqit:cewiatsy T higtdibnapyl peqtidncBs arsdaypically
immobilised °”¥&8{tﬂé‘n}t§ﬁ% é%}ﬁd&%ﬂ&&%ﬁ&%%qcﬁ%bﬁﬁyaﬁaimﬁ SHRIUABIMRMD & RAERYS tO

allow immobilisation within the substrate or suibstantially non-porous, |n v#fk}%c c%_se the library

h,
sequencesire WHIE K ARSI Qe PR BERFAER BF YNSRIt TRECA Bl B St ite
may be made afualaytichateialdoofthichpalypipeiibsivamtivmeh sithenaitethsion nevictly.
Examples of suiighie;solil aubsitaies inshuisdatilast-silisan waiRimidies, weateies and
organic polymers such as plastics, including pol stxreqienarlg&olﬁm:%@ygﬁﬁg (I)tl %‘gj%é%'so be
possible to use%%%?ﬁﬂ'@%?étﬂ?é’ﬁfb‘?%’gg %%gﬁlavse s Ao SeBr Y 6n membranes,
which are widebf évaifelonTerd BGsErivparmudthes Mhismbraneshnegtrertits ohtheivr 4 ohore
robust solighsurfpgs:aHeR @SS hdihsisgiasasmaynptianaibpeptanieshinity adayer of
metal, such as goid RIALIT, OLAEL HANSIIAR MEiBlion SHRISIANN PG QikRUNSHALR IS

generally a material having a rigid or semi-rigid surface. In preferred embodiments, at least

one surface of Thetiskar arebodimpriss s SiFralenpusIsuanFroTGPf SBINERHIE SERTSAROY may
be desirable to piygicaly, sepasteppisinasisdegicnainodifiedntigyprideshidtiddonexample,
raised regions gr, et ngg‘}{,%rquggﬁt Iis Alsearsinyad hat tasolidsubstiaie is suitable for the

high densit appﬁcatlon of [ sequences in discrete areas of typically from 50 to 100 um,
giving a déRsityBraseiy s Riieend s RPEHid substrate is conveniently divided up

into sections. This maysha aghissiedspytctectmiuesblivheast phissabbhinprodrdsyrhe application
of hydrophob icimﬁn@&ﬁ&(ﬁ[@m&t@f lg&%aﬁﬁé%%é%fﬂﬁﬁ: F@é)ample, 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 antibodics

are to be raised may be incorporated into a fusion genc construct which includes coding

sequences for a late vaccinia virus structural 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
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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 oémolecules to
which the librar§o8gHsErfosehipfupen @R&fﬁ?ﬁ@*}tﬁﬁ‘a"ﬁ8|9&‘&‘8%‘%&?&8@8‘&&%8@ R B abelled
with biotin and the talpstiatiess catedipreithinavisibeardiol ¢ Srbtsp izpdivsictn(sspiént feature of
usit?g biotinyla;%éa&glxwﬁgii%&mmmi@ ahﬁﬁmsls%tf;@lqmmﬁamms% _tﬂa?ﬁgalﬁd |
substrate can . ily. Since.t olynu uences may bind only poorly
to some solid Slﬁjﬁﬁ’%ﬁ@}q@g% e%%%é‘é’%%ﬁ‘%ﬁ cﬁ%}/r%\?l?dz?g% gr%?goa?l%ng?eiface between the
solid substréte (such Busipn gheteasaafieiisyy BeemesverffoshitedorAtr g RafPles of
suitable chemicalinpesfagesiagiuder hexaathieney20 giyael.duwatlienbiampledisihsuse of
polylysine coategfansficpalysiRe P beI R RIRA. e et aing Aiandacts

u

procedures to introduce an affinity ligand. Other methods for 1attachin motecHIestto th§
surfaces of soliSTASEHSSET AP RERIOL- SPELIHRYS RIS &F S RREIGR R THEUEC LBEFS? B8imple
W098/49557. BindixegnplecCmpte rentary ipdipiaeledtidesegqiietvabdrtak Mobhadticleic
acid 25 libigyy naasshe detey mingeky @vadislhol Reanssedlag phapgesciidheaptical

characteristics of the bound polynu ide sequence (Le. by the use of ethidi romide) or
by the use of Iaf:)eélﬂ(én ehﬁ%r}éﬁgaag?glg%ﬁl%ﬁn%?%bﬁﬁgﬁﬁ% %‘Tgﬁ‘?e‘i‘ﬁé‘? Wiﬁ%ﬁ%@r%ﬁ%ﬁ%ﬂer
detection technilgtiesd tesicaeTibe requb e RENoPRBERy RIS REDEIRTRTE S lch as

optoacoustics, ieflemtometntyelipsamatphaodngurfataetasmnen Taspndfics(steds

W097149989). oo THLS IS RISRAIBINERIPRAS SRRl stbsHalg hRVing-smalized
thereon at least quje 01131/ ucleotide of the present invention, preferably twg or mare different
polynuclediitie & peipfage Srlash iRl ahdd ) /- Criergrscany ﬁﬁ)eﬁ%r?%ﬁ%“lé‘é?‘f e

used as a prophwshcadAf B EREGAL, which may be utilised for the purpose of stimulating

hum%r.al and cell.medj@gﬁg &g?m@m %ﬁ@@@%ﬁm%&ﬁtﬂ%\@ﬂ@ﬁgm@ﬁﬁy o
providing protection against colonisation with Bra chyspira species, includin t not limited to
B. hyodysenterl"ggf"g.%%ﬁﬁﬁﬁ‘ﬁ?%ﬂ&‘f@rﬁe@fa‘fr@f g%{?'\}/gl)e |tf)(§l?? YA %Pﬁ# Oé?"?rﬁ%cenjs,. B.
murdochii, and Bsqilosicwith Netvmdionficecorinvatcamrdenhhpirendpbeisapeadided frmini
hyodysentasiaefiptipaes, Giguiatinenantibadystitias poainsithepspiaioeaastied-hesein.
Therefore, the QiR acid. seausfiors dssarioet IGel0. cehalts InelGaT. IR g AgiRNIal ©
form the basis 6f 4 systemica 31/)0 orally a miglstgregls rophylactic or therapeutic to provide
protection agaifif ﬁﬁ@%ﬁ&’%ﬁiﬁ@cﬁ‘&é‘!@@i@%A%%if?ﬁl(ﬁsiﬁ“(ﬁ’?@eé?‘%%?ﬁ?@ﬁ@‘ﬁ?g Bfesent
invention providesvtigoamiesagidsseduineescdesar hied harbisiorsradenenieh®ERf or

antibodies that R il ABIIRAGHHLARANGIGE Okl e IHICIRANIBSRACRERBdeAR bed

herein in a therapeutically effective amount'admixed with a p armaceul};‘cfglg accggtable1
carrier, dil@@nt, SFREXCEIERY OF AT R PR AV SATRSEUINF SRECHRNSIROHE® RUSES BN to
mean an amoubh dieateficigatdeteedivechy ghtoagtabolstd Sk prafer dotydnyfavienst 0%,
more preferably by, a1l ashan % 2RdsmeskRIc iR aysals asgiically significant deficit in
the activity, function and resépo!}rﬁe of thglanimetll host. Alte nativleh\ﬁ/,a a Pﬁ%@?ﬁéﬁ%% effective
amount is sufficient t&n(?éiﬂfé g FHBPBSV Entina %ﬁ?ﬁ}c%ﬁlf%?ﬁﬁl ICant condition In the animal
host. The phrasenmpbitirmdaneasiselifisuteespiedhidingepiatesioniargievpnicerides bads: particles,
20compogjionsghatsarii Wi gicalitirlcrableirns doingichinaly @pais, prightcgic or
similarly untowsyd jeactiofy SUeh A39a8ItiG HPRE! A0S LS WER AHNAUSIEIP (o8
animal. The term ™"carrier” refers to a dlfuen{, ag]ﬁ'van_t, excipient, or vehicle with which'the
compound is adRfiATEEREY . cSiivR Wrﬁ%?&"eﬁﬂl&&‘l‘i‘féﬁi’é?é’%gﬁ ipgetiarins fERGTERed dgeraLwater
and oils, including éabssiminpalkaibiyrunsmisal vegeiapiyorkptiteetittiorigienSuck agtedanut
250il, 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 desggibed in Martin, Remington's
Pharmaceutical Sciences, 18th Ed., Mack Publishing Co., Easton, PA, (1990). In a more



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 byffer content (e.g.,
Tris-HCI, acetaf& B RERYKAEITOHAY ARSI LR ISP AR QEEHF/RECSE &R 4 detergents and
solubilizing agemiecstifivi@en 80, Polysorbatc 80), anti-oxidants (e.g., ascorbic acid, sodium
metabisulfite), preseryaiiyRi{R O imes silenadalcpholiansbhutkmg subsianees (e.9.,

lactose, mannitol). The material. m e incorporated | el : | )f.polymeric
) Sl LREER! Bo"i‘ﬁ%:ogvt@o%%ﬁac%ﬁqﬁ%&%%%ﬁ‘é@&lﬂgﬁﬁcmniC neri

compounds sudh 48 olylactic acid, polyglycolic acid, € Into "posome,s. 5.
may also bé useelysatfeeoMpeSMisHIYHRPifedreetine prvRsPU S bl rate of in vim
release, and raiamfiniMivenaifiaddmae of the present proteins and derivatives. See, e.g.,
Martin, Remington's Rharmaseticat Seiamesvafith Fel (1220 MaskFiuisting-Genisaston,
PA 18042) pages 1435-1712 that are herein igrcqr or_a%cj-dft re{.er%??.%ﬁe qom todseitions
may be prepard@n Hatia: fHCSF IR ICRHEPBEHAR T 3R as Tyophilged form.
Alternatively, thiqpefiyrtictebpidesmiddseinieniiondsdmitinaheisapre 4fe Sxpriesissaidpiaits
(e.g., cornjoThenplantunay, ks Harsiormedapitivelaamidnapnaitnpepideopliniaathgical
polynucleotides. Then the plant is grown, and the proteins, of the invention areexpressed in
the plant, or the’ a%en -ec?f)’ |F’E@cé%'?/Sé%sai%ﬁepgSé?{p&reéﬂgs%‘c’fs'liqzils éﬁﬁ@lﬁgﬁgveﬂed, and the 15
section of the pfaneeawmigiRrgeme s iekiasbFSinvention is processed into feed for the
animal. This animal fead wiltiinpachitg enitygagaingtBothyotigsenterneswberraateh by the
animal. Examplgg ol pufy 3 Aialng RFSEmE AdR ARAB HRHIMIR W BiRigient R 123
(Arntzen, et al.):"'U.S. Patent 6,034,298 (Lam, et ale“é‘f nd U.S. at?ntg,]A?p 320 fAr tezen, et

al.). 201t wiPbe %Bﬁ?é%?atpéaffﬁé{ypF%W‘r?%“@ﬁﬁ&@?% BERSAE SrEVAgEs actgcr%'l‘r'lg:fy 0 the
invention may helaphptidistefitd byeating rednsriprowdnsngvethknoRrefencdisignainesphéirmaceutical

compositions fog admiRiSIEANREAHMRISIeIRdHRY dniRatind AR hslypEiNdh e bip@iaRy, or
nasal route. The aming acid seguences dtes[%rlbedai%?rﬁiq or an itgggliess d ;rniovﬁgn m%rt%from are
more preferably ‘detierBE By THILY 8RS & MY S3REAT, Miraperitoncal, 38 intramuscular, or
subcutaneous miatwe. lagshmisty ativncATase 9B inghedings Bid netiimiis tfe hife YiskeRibed
herein or anfibagdias, declyadiierefinm, RGPS HREN uipied:;, anchimasiongistéredisy feasal or
oral administragn, 8150, SREQMARRSSH bY: Wi AGRRALILARIEN is the use o

polynucleotide sequences ot the'invention, as well as antisense and ribozyme polynucleotide
sequences hybridisatie: Aradrissisieronelnpaeidetnalasues Mesitgsa R S’ @ fignce
according to thadiventidmgfendamsfaatoredimmedicamzatabidsme delsttiotadofith disdzse
associated B. hy&ﬁlxisﬂt@ﬂeﬁsubs_ﬁﬁé?&{yu&lﬁfmgmﬁug@ﬁ&%m@m anlisgnameonstructs
or ribozymes for use in therapeutic methods are desirably administered directly as a naked
nucleic ac?dscoﬁglﬁﬂ:'{.c‘Uptake of naked nucleic acid constructs by bacterial cells is enhanced
by several known trafAsfeciiprdéehniguis), for miarepidesndde inctndn grasaced sesmipiatéttion
agents. Examplg gf theseAganisiialidesatianicageatsdaraxanplecal diupheaphate and
DEAE-dextran) and lipofectants, Typically, nucleic acid constructs are mi ith th
transfection agé?ﬂ%‘g S§cR Y 18%%%%%% |%h%}iff? Fﬁé?i%% f/r?ﬁeearg}?t%rgﬁéﬁg%f kﬁgt (?r
ribozymes maytobypsdtifisined with a pharmaceutically acceptable carder or diluent to produce
a pharmaggutical compgsitian iSuikaiaicastiars: avdpdiluemipdtickale isotanie sdtine soligtions,
for example phospnaje;dulfercl sallbg:lie SAROSILR Mk RGIUMHiRIGH pReR iR

u

intramuscular, intravenous, subcutaneous, infraocular, oral or transdermal administration. The

routes of 10 acFHiBRHIRATBINTSICHHETFSRTHAAHEN RN Lo M itfdoath i e 848 ioner
will be able to detessnibauraadityiibectistivhumtiguie phasministeitiok emdathy roberbdor any
particular animal and GORGILAR.: antitdd§ SPYSRHOR P ARGIHERS IE% (h Seiepning ariraals
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



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

predetermined amount of at least one labelle immunoch(?micallé/ reactive, component
the antigenic.porfion t0 & carric

obtained by thedHa¥F 87 HHRUX RIS ARMHTEHE OF SR B IR SHNE AcCi sequences described
herein or a speeifitstyiaden impantizetian efens]als Heltscntisriamst not bedselinupyesgaifts; and
(c)directions for;usesgfusedd diititMoie ispagifieafynstheitliagnosatiertest kit may contain: (@) a
knowin amount of one, g e 3RINe AhaEANANGRR Jeacied Arel 47 Assatihedabaye (ora

binding partner) generally bound to a solid phase to form an Simmunosorbent, or in the
alternative, Douthet Rirdscimasifis eateRsy tﬂl?r@rﬁ’r@@Bﬁﬁsﬁ?ﬁ%ﬁé‘ﬁ“gnﬂoﬁi?&?ﬂ@tﬁn& IMETC ) if
necessary, othentiadjentss astonentiofe) disetiidms fothesétell SaldiSidsidit Nes. o £1G387 atdiation,
the test kit may £oniai: AQaladaneliadicamaRnrat bhishhas iesnpbiainadpy, ceypling one
of the amino acid ﬁe uences escrit d.h re}&n to CEndret cgaglesclza,gn IBSQ cr)ﬂ\oqeglhgmgargsadditional
immunochemicép?é' e RHet PHII ROlEd £STERREnt s igand or an immobilized ligand,
which ligand is ¥eleetatroaticH dogre apuserhRistinep B aifRavies A an e erpaslbith the
labelled camporgRbAR)akafi)adigansktapadievobhinolsgawitimaukigiobntinpastaeteabtiwniabelled
component @ iR 1SRN ERREIS. 01 BRIk Rslon: Ahe omasRerils) o be

determined; or a’ligan pable of binding with at least one of the binding partners of
20at least one drthet RGBTSR bratermHight s (bl RS nBY THES[5&F ?ﬂﬁéﬁf&e of

a protocol for thpedigimtiiidména/axtigedermination of one or more components of an
immunochemical reagfjen heeRRANGM G AiIRAGidaeAsEesdlessibadhatpinand a
specific bl?g Ingi tg;rttirtla?rl;umggrl%L%HE rrneﬁgzru ctzlsoarx]lcp tfhgseeq;%mg%s“gtr gr{}{mmunoglobulin molecule 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"); 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. See 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(ab"),
portions followed by reduction with mercaptocthanol 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 hercin.,
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 anfibody 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
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25A genotnic library is prepared using an Australian porcine field isolate of B. hyodysenteriae
(strain WAL). 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 h| I|t chrom somal DNA suijtable for pr arat| of genomic DNA
libraries. B. hyorﬁ gjﬁ |§tfjr’bl\ﬂ/n 4865 aﬁ%ﬂégg ?8?%‘&%% e nge rcﬁﬁﬁ@uﬁure toa
cell density of 1PmksEnsfiriniarARB4B|IPhre. Rarresycddieniophey *ﬁirgmaﬂﬁweé@céh%ﬁﬁ‘eﬂée||
pellet resuspengestijavia will T8 hutfat..Sixwis addeddoiaminelrepasentiaioans 0chiie, (i),

and the cells lysed af l?h?l%(:{?g do ?B‘e%rilﬂoa&!ﬁv%tp i Bﬁﬁeepﬁux%i‘%d&ﬁd gnﬁﬁ a final
concentration of 0.7 M and 1.5 ml CTAB/NaC1 solution (10% w/v CTAB 0 7 1) is

added before if2iSEAE LR L AFBEM AT B TS9O e AU VB R S gt ‘é m‘hh an
equal volume ophloiofolyviigadrmibedcntiicand thaylibairemtilifivgedahdOomrstg for 10
minutes to sepa{@ﬁeo%ﬁlﬁh%ﬁ%ﬁ&@%%{@@h@ﬁ%ﬁ transfenedie adeshtbeanmk0.6

volumes of isop anol @da%ﬁ% }argacpltate the hlgprg &le‘fﬁﬁjlaf Lwe rght DNA. The

precipitated DN |'§wé’oelle‘é e smg ed GRLY¥0d aRd trafisterred 1o a tube containing 1
ml of 70 % (v/vpbaraasertiv %mét?él%entrlfuged at 10,000 x g and the pelleted DNA

redissolvedan 4 ml TE/QiieprovelinigkboACasisnchitic esed dali dntpoaitaining iblp8agin| CsC1l
and 0.5 rag/m! ¢iRium BRUNAG IS RIGRAEN HRRRIN S LARONERP N A-FBldionTae giadient

is transferred to 4 ml scalable centrifuge tubes and 10 centrifu % g at. 70,000 x overn ]ght at
15C. The separatt mmb&lwrgwaﬁ%demﬁs%%w*mm&maﬂ Rg TSk G weight

DNA is withdraw firoited herdptdslienitalsitsgsbedb tyatre exd| eln Phe cathridimentbr ophiderileefibyed
frﬁm the DNAI %ﬁﬁmﬂ%zﬁﬁﬁé«g{&&&ﬁm%ﬁ%ﬂf@Fﬁ&é@@?%ﬁﬁ@%gmﬁhﬁﬂuﬁ@%m or
cnromoso lalysed agains utjer an Cl WItN | ropano e
it g Sy A R SRR
Solutions, Ann mmanombcabf?épﬂﬁé?mﬁr@d@NMQOﬁtlwqﬁsuﬁ’m@dmé?%w’ﬁm diriapdde to
generate blunt- @Bﬂqf[@elﬁﬂ@m&r@[&ﬁﬁﬂﬁﬁ@dg@g subihe M@@@M&;Wm ligated with
25 ng of pPSMART V. wecior (iciasp Meslcion W) ASIg piSpsmag Qhhese. The

ligated DNA is then elec ropor nto t electroconipetent cells. A small insert (2-3 kb)
library and medierelia SERLICIPRIFN 20 ﬁb‘#ﬁ??h%“&bﬁ%‘mfﬁ?é‘éalﬁtﬁsfﬁé hyTRR SR AR GF the
PSMART ¥ véiGr(Haeiotaie: seqientingd Coddidntireigenomse.library is obtained, individual

clones of E. ool contaiR e B SWART NGV ISR RITKa The S RAE purfied

and sequenced. The purlfle lasmids are su ﬁ%ercted to autom %Oérect se(ieS ncing of the

PSMART VC vaRfotigiARy dreh g e Rath e faBeosed ?ﬁ‘ﬁ"é}g ¥ RS SMART Ve
vector. Each seguénoingektiotion ¢slpeerfo$m@dzwda’ﬂ!®qsIlw@hdmmmmﬂmgt@f@@@ ng of

plasmid DNA, %ﬁm&lﬂi RERGHe @ngﬂlﬁwld@fréﬁﬁe@\@ ﬂmw Zﬂnrﬁ'rgw@u}@rmmm@qu{e

Sequencing Read ctlon PE Ap ste Iin
condltlonsg ?ﬁvo \r/181¥é “Mintta ce)%lg urllr]%\g%l[i B’br %@l tcf;o ouc )%/EéIQ g?y(fgnaturgty lon at
96C for 10 secdnds: éﬁa}w@ﬁﬁ%@%ﬁm@@mma%@%@%w%ﬁw@b@%r 4
minutes. Resnd[tahéiyﬂzle(mmtﬂm&aezmmnm&b&rm@e&eqmwmInmdwaszshmpremp;tanon

v 5% (1) SO ol A 5 M AR ASSIAG. G0 ) S, 03RS

vacuum dried. asml dare sequence up licate using each grlmer Sequencing

products are aﬁ&?{l%é‘{?ﬂﬁ‘@"éﬁwg?ﬁﬁ Wﬂoﬁﬁﬁj‘@ﬁb&‘?cﬂgﬁ“ﬂf? (?réf(‘f%é%é‘)‘m
Annotatioa0PaRjglfypRamérae aerces fEr BudnyNdy stttk 4389483 emmidia@Bantidamidiated

using a5 range, gt puplic dagmein losissmanisioniada analige and re-analyse the

sequences as part ofaqual assurance procedyre on data ana reading frames
(ORFs) are predlcted'h‘gh‘?ﬁdé 9%8@8?‘%? G N R ‘é? é‘_ W&’ﬁ Fhdieed
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the predicted ORFs
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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 tg.knov‘\:{ln surfn ce proteins,
lipoprotein signBY s BurErs Bl KB Y IS S15h HoRF E&f bR domains. 15
Phylogenetic aneiothersttdauthfoe ol pidncteratf Stbimcto aetihodies idouiendestifte P hehes
and with other gpegies (q PSsisiR e BSSIgNMORH)fAnstionsThe i Biliet analysssf both
partially sequenced mes, praduces. a comprehensjve |i . ' .

present in the ;}gﬂﬁre%%%?gé%lgt{aﬁ(askgféo.ugac%ggl ég%géé?ygégﬁgggﬁjﬁiﬁ%p ivéﬁi%:%:??hation
such as prediicteel e iihoiargaionsoasaeiTabarmes FoaahrBBRIY MRS 5 sataRLe
localisation to 2Qdsablearitetation usdth sie intivitdeprepettieshofthps wthisigenéoprSadct.
Predicted geneg,whigh.sReofs REMRIRR-SIIAL R AkHpreriscalizadisampenaaand or

virulence factors in gther pathogenic bagcteria are sellﬁcteﬂ(a\s &otenggle\é%cg a8 fargets.
Bioinformatics fS&tHEoPHESh TS SRLRSHISH P IHE BS Bty Santerae genome results in
94.6% (3028.6 kid26 apiimofuacpeemictad: 200U pofiawigatorne timelEtuenced. The B.
hyodysentgfiae sequaResdfme R isRaeh 28 aiigR it aftare fagREioNiGisstechiiio.3 kb.
For B My ody e TS bR Q:éﬁ@ﬁjéﬁgcg?ﬁ‘é‘?&gﬁ%ﬁﬁﬁo%ﬁ%a&‘iﬁ&k%ﬁﬂrfﬁ‘ﬂ%&ﬁh@s%f?écifﬁgntigs-

Comparison of the pr%ae swi nes present in'the nucleic acid and protein

databases indidat@Ralyagnsdsaftsiyenimn Srpdienme SRRSO IBY IR ?é%sctgﬁtained
in the public 30tetatakasasscibel feniginingr3ain of Hak qapecidte HIDREd Hevermd, KSR identity.
vaccine candidgigg, pfa SR EaTHGRINGRNTRALY QERFRING! WaMRDEHe st

Q

vaccine candidate, ORF's showing, reasonable hom E]@%’é(ﬁ-value less than e-}5) with outer

surface protein®/ Udbeaistied WS LREGRESRBIEGH F%rs present in public databases
are selected as potentitibadctipecandibickesni@f theid@a riEansbedinaglsrineagdisomic

ﬁhotgun kSJIGQ ue %&téﬁﬁyynﬁﬁﬁmﬂﬁé_elﬁsmgﬁﬁﬁe! @iﬁiﬂﬂ&%&ﬁéﬁiﬂbﬂrﬂhﬁ%@%&ﬁt&f@iﬁmﬁented
ere. Table 1 shows thirty-three genes select otential vaccine. tar 1€il...
similarity with o eel??ﬁ?%ﬁﬁggﬁ%tno f'fgi gsgaalgﬁléceeag%gf)g[ﬁg %grtﬁoxé?lvtl%szg%%gl}q 3%%&5%1&6. Itis
noted that 5 the' g framemtentish stubapraoarrddysducinsthsideviise beidess o sk percent
similarity @phomplagiohaminarsigmeemaing Rasthemdihthuaintieatinahanthese ORFs
are unique. Ger&?tﬁdgni;[li;[y ojfr%%m ,\Q/iggt.Highest Homology Identity (amino acids) Similarity
(amino acids) AcceBIIoN Number NAV: , .

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, immunoradiometric assays, gel diffusion precipitin reactions,

25  immunodiffusion assays, in sifu 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, erc. Inone
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
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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
generated hybridomas for a product that binds to a fragment of a polypeptide of the invention

containing such cpitope.

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
5  polypeptide 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, faccal 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: (2) 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"); or F(v) portions ot
whole antibody molecules.

25 Particularly preferred methods for detecting B. hyodysenteriae based on the above
method include enzyme linked immunosorbent assays, radioimmunoassays,
immunoradiometric assays and immunoenzymatic assays, including sandwich assays using
monoclonal and/or polyclonal antibodies.

Three such procedures that are especially useful utilise cither polypeptide of the

30  invention (or a fragment thercof) labelled with a detectable label, antibody Ab, labelled with
a detectable label, or antibody Ab; 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*+ Ab; = AA*Ab,

25



NAV- 1157 Lytle murein transglycosylate (possibly outer membrane-bound) 97/318 (25%)
158/318 (41%) Q6177W9 NAV- 1158 Outer membrane protein of Trepottema Imadam 57/175
(32%) 90/175 (51%) P96127 NAY- H59 Myosin-like major antigen 204/1012 (20%) 432/1012
(42%) B. AA + Ab*; = AA Ab*
C. AA +Ab; + Aby* = Ab) AA Aby*
The procedures and their application arc all familiar to those skilled in the art and
accordingly may be utilised within the scope of the present invention. The "competitive"

5  procedure, 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.

Tt will be seen from the above, that a characteristic property of Ab; is that it will react
with Ab;. This reaction is because Aby, raised in one mammalian species, has been used in

15  another species as an antigen to raise the antibody, Abs. For example, Ab; may be raised in
goats using rabbit antibodies as antigens, Ab; therefore would be anti-rabbit antibody raised
in goats. For purposes of this description and claims, Aby will be referred to as a primary
antibody, and Ab; will be referred to as a secondary or anti-Ab; 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 *H, MC, ¥p, 38, ¥, *1Cx, ¥'Co, **Co, ¥Fe, *°Y, 11, P!, and 'Re. 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, B-glucuronidase,
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, plutaraldehyde 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.
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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

i 0
Streptococcus suis 9%2(;61r?v((,§f?’oé)211§'05 g'r/ozv?c%s a method of detecting antibodics to a polypeptide of the
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invention in biological samples, using the following steps: (a) providing a polypeptide of the
invention or a fragment thereof; (b) incubating 2 biological sample with said polypeptide of
the invention under conditions which allow for the formation of an antibody-antigen
complex; and (¢) 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 & biological sample
using the following steps: (a) detecting the formation of reaction complexes in a biological
sample according to the method noted above; and (b) evaluating the amount of reaction
somplexes 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 &
disease associated with B. hyodysenteriae in an animal host by evaluating, as describe above,
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,

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
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 polynucleotide of the invention
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 polynucicotide sequences include, but are not limited
to: 1) allele-specific PCR; 2) single stranded conformation analysis; 3) denaturing gradient
gel clectrophoresis; 4) RNasc protection assays; 5) the usc of proteins which recognize
nucleotide mismatches, such as the E. coli mutS protein; 6) allele-specific oligonucleotides;
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
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(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
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

5  polynucleotide sequence usually must be at least partialty 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.

10 Sample polynucleotide 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

15  labelled 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.,

20  dioxetanes, 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.

30 The 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.
innocens, B. murdochii, and B. pilosicoli. Alternatively the polynucleotide sequences

described herein will form patt of a library of DNA molecules that may be used to detect
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(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%) Q272054 NAV- 1168
Probable hemolysin-related protein of Dehalococcoides sp. 121/415 (29%) 204/415 (49%)

Q3zYX1
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simultancously a number of different genes from Brachyspira specics, 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
the presence of a Brachyspira species, such as B. hyodysenteriae and/or any of the other
polynucleotide sequences bound onto the solid support.

Technigues 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
various 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
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
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 potous to allow immobitisation within the substrate or
substantially non-porous, in which case the library sequences are typically immobilised on
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
semi-permeable membrancs 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 Jeast one surface of the substrate will be substantially
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NAV- 1169 Outer surface protein of Bacillus cereus 193/357 (54%) 256/357 (71%) Q4MWSO0
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%) )
flat, although in some embodiments it may be desirable to physically separate synthesis

regions for different polymers with, for example, raised regions or etched frenches. It is also
preferred that the solid substrate is suitable for the high density application of DNA
sequences in discrete arcas of typically from 50 to 100 pm, giving a density of 10000 to

5 40000 dots/em™.

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-ling, USA),

Discrete positions, in which each different member of the library is located may have

10  any convenient shape, e.g., circular, rectangular, elliptical, wedge-shaped, elc.

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 polynucieotide scquences to the immobilised nucleic acid

25  library may be determined by a varicty of means such as changes in the optical characteristics
of the bound polynucleotide sequence (i.e. 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 thercon at
least one polynucleotide of the present invention, preferably two or more different

polynucleotide sequences of the present invention.
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Q8TJE3 NAV- 1172 Lyric murein transglycosylate (possibly outer membrane-bound) 51/141
(35%) 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%)
The present invention also can be used as a prophylactic or therapeutic, which may be

utilised for the purposc of stimulating humoral and cell mediated responscs in animals, such
as chickens and swine, thereby providing protection against colonisation with Brachyspira
species, including but not limited to B. hyodysenteriae, B. suanating, B. intermedia, B.

5 alvinipulli, B. aalborgi, B. innocens, B. murdochii, and B. pilosicoli. Natural infection with a
Brachyspira specics, such as B. kyodysenteriae 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 spirochactosis.

10 Accordingly, 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

20  compositions 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 thosc of petroleum, animal, vegetable or synthetic origin, such as peanut

25  oil, 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 specific form of the invention there are provided pharmaceutical

30  compositions comprising therapeutically effective amounts of the amino acid sequences
described herein or an analogue, fragment or derivative product thereof or antibodics thereto
together with pharmaceutically acceptable diluents, preservatives, solubilizes, emulsifiers,
adjuvants and/or carriers. Such compositions include difuents of various buffer content (e.g.,

Tris-HCl, acetate, phosphate), pH and ionic strength and additives such as detergents and
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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 o o
solubilizing agents {c.g., Twcen 80, Polysorbate 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, ete. or into liposomes.

5  Hylauronic acid may also be used. Such compositions may influence the physical state,
stability, rate of in vivo 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.).

20 1t 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, intraperitoneal,

25  intramuscular, or subcutancous 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 discase 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
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43% (114/263) 60% (159/263) AAF27178.1 NAY- 1124 Outer membrane lipoprotein of
Gepbacter 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

transfection techniques, for example those including the use of transfection agents. Example
of these agents include cationic agents (for example calcium phosphate and DEAE-dexiran)
and lipofectants. Typically, nucleic acid constructs are mixed with the transfection agent to
produce a composition,

5 Alternatively the antisense construct or ribozymes may be combined with a
pharmaceutically acceptable carrier 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. hyodysenterige. In a further embodiment of this
invention, kits suitable for use by a specialist may be prepared to determine the presence or
absence of Brachyspira species, including but not timited to B. hyodysenteriae, B. suanatina,
B. intermedia, B. alvinipulli, B. aalborgi, B. innocens, B. murdochii, and B. pilosicoli in
suspected infected animals or to quantitatively measure a Brachyspira species, including but

20 not limited to B. hyodysenteriae, B. suanating, B. intermedia, B. alvinipulli, B. aalborgi and
B. pilosicoli infection. In accordance with the testing techniques discussed above, such kits
can contain at least a labelled version of one of the amino acid sequences described herein or
its binding partner, for instance an antibody specific thereto, and directions depending upon
the method selected, ¢.g., "competitive," "sandwich," "DASP" and the like. Alternatively,

25  such kits can contain at least a polynucleotide sequence complementary to a portion of one of
the polynucleotide sequences described herein together with instructions for its use. The kits
may also contain peripheral reagents such as buffers, stabilizers, efe.

Accordingly, a test kit for the demonstration of the presence of a Brachyspira species,
including but not limited to B, hyodysenteriae, B. suanating, B. intermedia, B. alvinipulli, B.

30  aalborgi, B. innocens, B. murdochii, and B. pilosicoli, may contain the following:

(a)  apredetermined 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
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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) AAC0O5836.1 NAV-
1137 virulence-mediating protein (VirC) of Vibrio parahaemolyticus 36% (58/159) 63%
(101/159) NP800579.1 NAV-

10

15

20

25

30

(¢)  dircctions for use of said kit.

More specifically, the diagnostic test kit may contain:

(a)  aknown 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
immunosorbent, 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 usc of said test kit.

In a further variation, the test kit may contain:

(a)  alabelled 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 lipand capable of binding with the labelled component (a);
(i)  aligand capable of binding with a binding partner of the labelted

component (a);

(i)  aligand capable of binding with at least one of the component(s) to be
determined; or

(iv)  aligand capable of binding with at least one of the binding partners of
at 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

A genomic library is prepared using an Australian porcine ficld 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
(CTAB) method is used to prepare high quality chromosomal DNA suitable for preparation
of genomic DNA libraries. B. hyodysenteriae is grown in 100 m] anaerobic trypticase soy
broth culture to a cell density of 10° cells/ml. The cclls are harvested at 4,000 x g for 10
minutes, and the cell pellet resuspended in 9.5 ml 'TE buffer. SDS is added to a final
concentration of 0.5 % (w/v), and the cells lysed at 37°C for I hour with 100 ug of Proteinase
K. NaCl is added to a final concentration of 0.7 M and 1.5 ml CTAB/NaCl solution (10%
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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 varlabllls 350/ 150/42 % (242/425
wiv CT AI’:’? M ng?) 15564(1%6((1 be%{ne 1n2:ub411ng the solution at 65°C 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 1o 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 mt TE buffer overnight. A cesium chloride
gradient containing 1.05 g/ml CsCl and 0.5 mg/m! cthidium bromide is preparced using the
redissolved DNA solwtion. The gradient is transferred to 4 ml scalable cenfrifuge tubes and

10 centrifuged at 70,000 x g overnight at 15°C. 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
CsCl-saturated isopropanol. The purified chromosomal DNA is dialysed against 2 litres TE
buffer and precipitated with isopropanol, The resuspended genomic 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, W) using CloneSmart DNA ligase. The ligated DNA is then electroporated into
E. coli 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 pPSMART 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 dircct sequencing of the pSMART VC vector using the

25  forward and reverse primers specific for the pPSMART VC vector. Each sequencing reaction

is performed in a 10 ul volume consisting of 200 ng of plasmid DNA, 2 pmol of primer, and
4 pl of the ABI PRISM™ BigDye Terminator Cycle Sequencing Ready Reaction Mix (PE
Applicd Biosystems, Foster City, CA). Cycling conditions involve a 2 minute denaturing stcp
at 96°C, followed by 25 cycles of denaturation at 96°C for 10 seconds, and a combined

30  primer annealing and extension step at 60°C for 4 minutes. Residual dyc 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
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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: | and 2, 5 res ectivel The DNA apd
amino acid seqﬁ“é?‘f&’égo‘fllglﬂ@cﬁ%‘?l&?é’ égb“fﬁnﬁlgs -1 %‘,ar%v’ggélsc]fl §&l" The DNA
and amino acid ¥éqUuaneSsorMNAaVER S hee Bagrntcins SEQ ID NOs: 5 and 6, respectively. The
DNA and amino acid gggignrees of NAV-H57 are found in SEQ ID NOs: 7 and 8, respectively.

The DNA and amino s6iEALE0SER AL AR 15 IONIFID SEQID NOS a0 Al o

respectively. The DNA andamino acid sequences of NAV- 10 H59 arc found in SEQ Os:

11 and 12, PespabeRaiyubtseiomia ‘aﬁaf%ﬁ'ﬂi’r‘f&é‘t‘i& Ll ﬁwﬂv%%%m&%ﬁ SEQ
ID NOs: 13 andof4 greépestively: frhedid Analatl andine. dich seginefoesof AN 4taidreddbund

in SEQ ID NOSuéx NG & ggmemxuﬁm@ @éﬂ&@@mmdmmﬁd\%& H62
are found in SE s 17 8 resp i] ggl argg ing ac!gl Seguences of
NAV-H63 are fotlif |n MefL an ‘Beé or%/gnr’é’s %g ‘Hzn Bﬂ,&' and amiho acid
sequences of NAmrq#gmaép@tﬁbmqaqﬁng@@%sN@gdmg BLAST and FASTA. All the predicted ORFs

10 are analysed to determine their cellular localisation using programs including PSI-BLAST,
FASTA, MOTIFES, FINDPATTERNS, PHD, SIGNALP 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, isoelectric point, hydrophobicity, and subcellular localisation to

20  enable correlation with the in vitro propertics 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.

Biginformatics results
The shotgun sequencing of the B. hyodysenteriae genome results in 94.6% (3028.6 kb

25  outof a predicted 3200 kb) of the genome being sequenced. The B. hyodysenteriae sequence
is comprised of 294 contigs with an average contig 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.
Vaceine 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 ¢**) with outer surface proteins,

secreted proteins, and possible virulence factors present in public databases are selected as
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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, reép
NAV-H68 are fidiiA Geenysaiacs Ol e

sequences of NsaydiGgarefpprscint BECK 1Dt NOss 8 efithiiB2threspactivelyreRineOIN®. and
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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 productsgre subjected to electrophoresis in 1%
(w/v) agarose gels in Ix TAE buffer (40 mM Trig-acetate, 1 mM EDTA), staining with a 1



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 ||

CAGTTAATCTAAAATC (SEQ ID NO: 70) NAV-1124 1124-F19 ACTII AATCTFIGTATTAA i

i1TG (SEQ ID NO: 73, 1d24:8729 TTGTTTTAATTTGATAATATCAG (SEQ ID NO: 72)

Gene

10

15

Identity of Protein With Highest Idcn.t ity S:milfmty Accession
Gene Homolog (amino (amino Number
Y acids) acids)

nAY: Toxin (YooB) of Escherichia coli | 42/84 (50%) (672;33 P69349
NAV- Quter membrane protein/protective 210/833 339/833

H74 anfigen {25%) (40%) COG4775
NAV- variable surface protein (VspH) of 29% 43% AAK 148031

H22 Brachyspira hyodysenteriae (133/454) {199/454) ’
NAV- membrane associated lipoprotein of 43% 60% AAF27178.1

H23 Mycoplasma mycoides (114/263) {159/263) '
NAV- Outer membrane lipoprotein of 32% 53%

H24 Geobacter metallireducens 4s/142) | (r6/14zy | ZPO0300921.1
NAV- surface antigen (BspA) of Bacteroides 38% 55%

H30 forsythus 83216) | (120116) | AACE26231
NAV- . . 35% 56%

H32 hemolytic protein (HIpA) of Nostec sp. (49/137) (771137) NP488469.1
NAV- hemolytic protein of Prevotella 54% 70%

H33 intermedia @117 | @iy | AACOS36I
NAV- virulence-mediating protein (VirC) of 36% 63% NP8O0579.1

H37 Vibrio parahaemolyticus (58/159) (101/159 '
NAV- }ytic murein fransglycosy lase (contains 26% 41%

H40 LysM/invasin domains) (120/449) | (185/adg) | #FO0146104.]
NAV- surface antigen BspA. of Bacreroides 41% 57%

H41 forsythus @4201) | (1smory | AACE2625.1
NAV- Hemolysins and related proteins of 35% 56%

H43 Anabaena variabilis (150/425) | (24aia2s) | ZPO0162711.2
NAV- outer membrane porin of Leprospira 20% 41% YP001419.1

H44 interrogans (79/393) (163/393) | ’
NAV. virulence factor {MviN) protein of 32% 49% NP952225. 1

H45 Geobacter sullurreducens (153/469) (231/469) )

The DNA and amino acid sequences of NAV-H54 arc found in SEQ ID NOs: 1 and 2,

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-H56 are found in SEQ 1D
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-
H59 are found in SEQ ID NOs: 11 and 12, respectively. The DNA and amino acid sequences
of NAV-H60 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 NAV-HG62 are found in SEQ YD NOs: 17 and 18, respectively. The
DNA and amino acid sequences of NAV-H63 are found in SEQ ID NOs: 19 and 20,
respectively. The DNA and amino acid sequences of NAV-H64 are found in SEQ ID NOs:
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Primer name Primer Sequence (5'-3") NAV-H30 1130-F4
AAAAAAATTATTTTATTAATATTTATATT (SEQ ID NO: 73) 1130-R969
TTCTCTTATAATCLIT1ACAGTTG (SEQ ID NO: 74) NAV-H32 1132-F4
CATATTTCTGGTGATTCTC (SEQ ID NO: 75) H32-R564 liii | IGATAAATAAQLITETTITANTG
(SEQ ID NO: 78} NARZHISBeqvsl.Fibg RNAA e PERF AR MY ATt <R 1B N8 77)
H33-R396 AAQBAGAKTEABCAGANAYSHQONBANG! Z8)Noa detBEntas3f IRYV-HG6 arc

AATGATATTATOE@&A@‘@E&IQMQS@E&QG! Qﬁ}a@n%@) The DNA and amino acid scquences 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 1D 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-H7} are found in SEQ 1D 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 1D NOs: 39 and 40, respectively, The DNA and amino acid sequences of
NAV-H74 are found in SEQ 1D 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 1D 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 1D 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 are

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 ORFs 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 are further analysed. These include NAV-H58, NAV-H60, NAV-H62,
NAV-H64, NAV-H66, NAV-H67, NAV-HG9, NAV-H71, NAV-H73, NAV-H22, NAV-H23,
NAV-H24, NAV-H30, NAV-H32, NAV-H33, NAV-H37, NAV-H40, NAV-H41, NAV-H43,

NAV-H44, and NAV-H45.
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H37-R825 AAAATCTAATATAACGGATT (SEQ ID NO: 80) NAV-H40 H40-F16
AAATATGCTTCCATTATAGG (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) 11411 CCALSEQ 1D NO: 84)
NAV-H43 H43-F46 THFEEENFEFEEEARA 3 S Gt 43-1(1236
TATTCTAGCACCG TERATET CipSERIFDMicH %B?WAW&"I%W&&M gifhe target gend cncoding

GTATGTTTATAkLdreAtxn A bACHf e d EbpNOR 871k c A CIG GRS CriCTARCISTEBRAMNGS EQ
ID NO: 88) Oligo Explorer 1.2 and primer sets with calculated melting temperatures of approximately

5  55-60°C are sclected. These primers scts are also selected to generate PCR products greater
than 200 bp. A medium-stringency primer annealing temperature of 50°C is selected for the
distribution analysis PCR. The medium-stringency conditions would allow potential minor
mismatched scquences (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 pl total volume using Tag
DNA polymerase (Biotech International, Thurmont, MD). The amplification mixture consists
of 1x PCR buffer (containing 1.5 mM of MgCl), 1 U of Tag DNA polymerase, 0.2 mM of
cach ANTP (Amersham Pharmacia Biotech, Piscataway, NJ), 0.5 uM of the primer pair, and

15 1 pf purified chromosomal template DNA. Cycling conditions involve an initial template
denaturation step of 5 minutes at 94°C, follow by 35 cycles of denaturation at 94°C 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-acetate, 1 mM EDTA), staining with a T pg/ml ethidium bromide solution and

20  viewing over UV light.

The primers used for eighteen genes (out of twenty one) are indicated in Table 2. Of

these eighteen genes, three of them (NAV-H23, NAV-H41 and NAV-H'H) are present in
83% of the B. hyodysenteriae strains tested; three of them (NAV-H24, NAV-H30 and NAV-
H73) are present in 87% of the strains tested, seven of them (NAV-H22, NAV-H32, NAV-

25  H33, NAV-H37, NAV-H43, NAV-H64 and NAV-H69) are present in 91% of the strains
tested, and three of them (NAV-H40, NAV-H44, and NAV-H45) are present in 100% of the
strains tested. The remaining three genes are present in less than 80% of the B,
hyodysenteriae strains tested, The poor distribution of these genes makes them less useful as

a vaccine subunit. For this reason, further analysis of these genes has been abandoned.

30 Tablo 2
Gene Primer name Primer Sequence (5°-37)
NAV-H22 H22-F4 AAACGTTTATATTTTATTTTATC (SEQ ID NO: 67)
H22-R1308 AAACTTCCAAGTGATACC (SEQ ID NO: 68)
NAV-H23 H23-F4 AAATATAAACCTACAAGCAG (SEQ ID NO: 69)
H23-R2366 AATATTTCAGTTAATCTAAAATC (SEQ ID NO: 70)
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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
CTTGATAATCT(‘N(‘(‘TTI A\A%Z‘ﬁ;g(‘ SEQ | ) Q%%Tl)—
ATGTGAGGAA AV\H?{GI‘ A Coh D i {WA‘—;APE 7" : N AA -

PAPTT S oY FTTILAA T TOATAATATCAG (SEQ ID NO: 72
TCATTACCAGA HHA@,MI%\(&{%E}% %g;g D :JL}) NAV-TI641H64- I-bU( ¢ !
AGGAAATAAA(:CE%%ZT(:CF@@H’TLAGC (SEQ ID N,ngr@eq]}g@c% @23‘3’)%

name
NAV-H30 H30-F4 AAAAAAATTATTTTATTAATATTTATATT (SEQ ID NO: 73)

H30-R969 TTCTCTTATAATCTTTACAGTTG (SEQ ID NO: 74)
NAV-H32 | H32-F4 CATATTTCTGGTGATTCTC (SEQ ID NO: 75)
H32-R564 TTTTTTGATAAATAAGTTTTTTATTTG (SEQ 1D NO: 76)
NAV-H33 | H33-F4 TTTAATACTCCTATATTATIAATIATIT (SEQ ID NO: 77)
H33-R396 AAGGAGAATCACCAGAAA (SEQ ID NO: 78)
NAV-H37 | H37-F4 AATGATATTATTAAAGTGATAAA (SEQ ID NO: 79)
H37-R825 AAAATCTAATATAACGGATT (SEQ ID NO: 80)
NAV-H40 | HA40-F16 AAATATGCTTCCATTATAGG (SEQ 1D NO: 81)
H40-R1815 ACTTTTAGGAAGAAGTTTAAC (SEQ ID NO: 82)
NAV-H41 | H41-FI9 TATATTTTCATTATATATITATTAG (SEQ ID NO: 83)
H41-R1067 CTAGGCATAGATTTTCCA (SEQ ID NO: 84)
NAV-H43 | H43-F46 TTTGCCATOTCUGAAATTGCAG (SEQ 1D NO: 85)
H43-R1236 TATTCTAGCACCGTCCATATC (SEQ ID NO: 86)
NAV-1144 | H44-F43 GTATGTTTATATGCTCAGGATAC (SEQ ID NO: 87)
H44-R2931 AACAGCAGCACTATCTTGTAA (SEQ ID NO: 88)
H44-F80 CAGCAGCAACAAATAATACTACTG (SEQ ID NO: 89)
H44-R929 TGAATATAAACACCTTCTCTCAAAG (SEQ ID NO: 90)
NAV-H45 | HA45-F52 AMAAATGTCATTGGTAACTACTGTAAG (SEQID NO: 91)
H45-R1595 CTTGATAATCTGCCTTTAAACATAC (SEQ ID NO: 92)
NAV-H62 | H62-F69 ATGTGAGUGAAAAAACAGAAAG (SEQID NO: 93)
H62-R866 TCATTACCAGAAAACCATACTC (SEQ ID NO: 94)

NAV-H64 | B64-F69 AGGAAATAAAGCTCCTGCTGCTTCAGC (SEQ ID NO: 95)
HG64-R253 GCATAGCAGCAACTTCAGAAGGTCCA (SEQ 1D NO: 96)

NAV-H66 | H66-F114 CTTATTAATTGGTATAGGAAAACC (SEQ ID NO: 97)
H66-R200 AATCTATGTTCTTGATTTATTAGCC (SEQ ID NO: 98)

NAV-H6Y | H69-F546 AGAAGCTACTTTTGGACCTTGGCCTGT (SEQ ID NO: 99)
H69-R662 ACACAGTCAACACCAAGAGC (SEQ ID NO: 100)

NAV-H71 | H71-F568 AAACAGCAGACTAGCTGGTG (SEQ ID NO: 101)

H71-R773 TGACCATTACTTACACCGGATACCCCA (SEQ 1D NO: 102)
H71-F37 | TTAATGACTATATCGCTTTCATACACTTTC (SEQID NO: 103)
H71-R1241 | TCAATTCITCCAGACATAAAATCAGTAAG (SEQ ID NO; 104)
NAV-H73 | H73-F37 TATATAGAGTGGGTATCAGAAG (SEQ ID NO:; 105)
H73-R254 TCATAATGGTATTITACAAGATG (SEQ 1D NO: 106)

pTrcHis plasmid extraction
Escherichia coli IM109 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 mg/l ampicillin and incubated at 37°C for 16 hours. A single colony
is used to inoculate 10 mi of LB broth supplemented with 100 mg/l ampicillin, and the broth

culture is incubated at 37°C 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 QIAprep Spin Miniprep Kit {Qiagen, Doncaster VIC). The pelleted cells arc
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GCATAGCAGCAACTTCAGAAGGTCCA (SEQ ID NO: 96) NAV-1166 1166-FI| 14
CTTATTAATTGGTATAGGAAAACC (SEQ ID NO: 97) 1166-11200
AATCTATGTTCTTGATTTATTAGCC (SEQ ID NO: 98) NAV-H69 1169-F546

AGAAG CTACITTTGO 69-1
ACACAGTCAATERE, 'g\ t?%(? éézg ns%:dnd% % /K%}?ﬁ'?fjlﬁ’ﬂ?ff ér é% with the addition of
AAACAGCAG A@?;\@@l‘ﬂ'@r@qt@c(ggd‘]@ Ixsey: cfbslz)rc:pqu_a‘lpqqd]glth 350 pl neutralization buffer
TGACCATTACTKS Atk lodapdt el A B b€l ke MO Al R)galidsy 2+ BBI00 x g for 10 minutes.

TTAATGACTA%J Q&QJJTQAI‘IMGQIg) mpaMQerAx% 6&4171% &)b%‘k’lfor 1 minute.

TCAATTCTFCCAGACATAAAATCA TAA

10

15

20

25

30

After discarding the flow-through, 50 ;Ll wash buf%' PEi 1 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
100 ! elution buffer EB, The purified plasmid is quantified using a Dynaquant DNA
fluorometer (Hocfer, San Francisco, CA), and the DNA concentration is adjusted to 100
ug/ml by dilution with TE buffer. The purified pTrcHis plasmid is stored at -20°C.

Vector preparation

Two pg of the purified pTreHis plasmid is digested at 37°C for 1-4 hows in a total

volume of 50 ul containing 5 U of two restriction enzymes in 100 mM Tris-HCI (pH 7.5), 50
mM NaCl, 10 mM MgCly, 1 mM DTT and 100 pg/ml BSA. The particular pair of restriction
enzymes used depends on the sequence of the primers and the sequence of the ORF; the goal
being to use primets that would not cut the ORFs. The restricted vector is verified by
clectrophoresing 1 pl of the digestion reaction through a 1% (w/v) agarose gel in 1X TAE
buffer at 90V for 1 hour. The electrophoresed DNA is stained with 1 pg/ml ethidium bromide
and is viewed over ultraviolet (UV) light,

Linearised pTrcHis vector is purified using the UltraClean PCR Clean-up Kit (Mo Bio
Laboratories, Carlsbad, CA). Briefly, the restriction reaction (50 ul) is mixed with 250 pl
SpinBind buffer B1, and the entire volume is added to a spin-column. Afier centrifugation at
8,000 x ¢ for 1 minute, the flow-through is discarded and 300 ul SpinClean buffer B2 is
added to the column. The colummn is centrifuged as before, and the flow-through is discarded
before drying the column at 20,000 x ¢ for 3 minutes. The purified vector is eluted from the
column with 50 ul TE buffer. Purified linear vector is quantified using a fluorometer, and the

DNA. concentration is adjusted to 50 ug/ml by dilution with TE buffer. The purified restricted
vector is stored at ~20°C.

Primer design for insert preparation

Primer pairs are designed to amplify as much of the coding region of the target genc
as possible using genomic DNA as the starting point. All primers sequences include terminal
restriction enzyme sites to enable cobesive-end ligation of the resultant amplicon into the

linearised pTrcHis vector, The primers are tested using Amplify 1.2 (University of
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NAV-1173 H73-F37 TATATAGAGTGOOTATCAGAAG (SEQ ID NO: 105) H73-R254
TCATAATOGTAIILACAAGATO (SEQ ID NO: 106) plrcHis olasmid extraction Escherichia
coli IM109 clones harboring the pTrcHis plastnid (Invitrogen, Carlsbad, 5 CA) are streaked
out from glycerol stock storage onto Luria-Bertani {LB agar é)lates su&gﬁggpﬁ% with 100
mg/L. ampicillin "Gt Nty g aerBeps e 3R fﬁ%ﬂé BBy 18 tised to inoculate 10 ml
of LB broth supptermeitedosititn 100 engraHanmpitiiiequenertsdypet ireasiation rf hetiiBH at 37C
for 12 hours withshakingreldih SAIERQY REMIGINE CLLILE S iSCENTT Rigesh a(BOOBaX)dof coriEidm
minutes, and the plasmid contained RS ells:is SRR A0 ARG I fdARkaR. el
Miniprep Kit (Qiagen, goncager vt )- '_Iuﬁe péi eted cells are resuspended |t€ 250 pl cell
resuspensién btiffeitie PeRinpien heegleamatr e st G 38 fJP’E?é‘ﬂ"I%Véa UHEP P3¢ The
lysed cells are pesdisadizgich i pabOnpline utradi tatidre bistfineNBsiamef trerqsredippitaterdcsll debris
is pelleted by cniifiugating.ah20pR0%1d {0rAQMiRHIsR.dhea sunginateagis transferred to a

spin column and centrilzt%ged at 10,000 x g for 1 minute. 5 After discarding the flow-through,
500 pi wash buffe IS appieghip 8 COlupReRdEenyiTugediasdetow. The I’I%\‘/{i]-cttlgéo&lgrn IS
discarded, and tHe cBflifnn |s driggppy centrifugation at 20,060vx maleinIminutes. The bBsmid
DNA is eluted frtlrlemumn Withs1001[L1 eluggn buffér ER. THeHurified glasmit$s3
guantified using yant DNgfliorometer {Efoofer, {San Frangmco, CA), andstbssONA
concentration is gdusted-tg-106-10-jgimi-by dii%uu withTE byifeyz,f e pulfied PIggais
plasmid is stored al‘# \ecto f ion Twe-pg-of theﬁ--rified pHeHis Q@agﬂ.id tS
digested at 37C floNAYH8urs in 4%dtal vdlume 8250 pi ontaining%iu of twd restricfion
enzymes in 100 MiAVrissFICI (pkbid.5), 5p mM &acCl, 1 mM Mg€i® 1 mm DTT drid*100

pg/m1 BSA. The [pRifiedlgr pair ohgestriction 15 ghzymes used dépends on the ségi®ehce of
the primers and hﬁ;g_gggrﬁ:e—ow; e gpgibeing at WOl et cut
the ORFs. The rastrcted-vactoris-verified-by-electroph s =th g fon
through a 1% (wh)Mtaf8elgel itd& TAE buffer®8t a0\ for 1 . o
is stained with 1 jig/m1 ethidium bromide and is viewed over ultraviolet (UV) light.
20Linearis¥dl pTrcHis i ithg e UltraClean PCR Clean-up Kit (Mo Rio
Laboratories, CarlsbaldsifApnBriefiii thelrestriction rsettion aBplified by BGRieol (R 5550 g
SpinBind buffer Bl and ihe.oniie Yelme.is @sles indnsRinHola. BRAreemsiugation at
8,000 x g for 1 minute, the fI_ow-thro%gg%%%; carded and 300'%'31 ﬁpig&eb%@fgttgqer{%%g IS
added to the coltReerYadsRImY s B S BERS OB the flow-throtgh Is discarded
25 before drying. freMeofivizGlak 2O000x BNAreymicises)-Gihd Pudmiy Rbersta AGEddm the
column w50 ol TRRMfiaheRRMmifipshinRar vecta, is suariindupsingiadjpiarpsiendang the

DNA concentation s aelisted to o0 g, by diion Wil T bufers Fbg Rudlelgesticted

hyodysenteriae strain used for genome sequencing. Cycling conditions involve an initial

template denaturation step of 5 minutes at 94°C, foliowed by 35 cycles of denaturation at
94°C for 30 seconds, annealing at 50°C for 15 seconds, and primer extension at 6R°C for 4
20  minutes. The PCR products arc subjected to electrophoresis in 1% (w/v) agarose gels in 1x
TAE buffer, are stained with a 1 jig/ml 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 p!) is mixed with 500 pl 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
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Primer desjgn for insert preparation 30Primer pairs are designed to amplify as much of the
co_dlng 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 lineari ' . i i i

¢ sed pTrcHIS \ ea%jor The Enmersn?re ‘ested usin Aq\pllfy

1.2 (University Sw%éo%‘%oq\}féﬁ?é‘b?{" fgﬁ&B V% 8%%%& e olumn ‘The column 1§ centrfuge

) ) _ amplicon sequence Is Irfserted
into the appropratefpositibhdfarelpmuiHislivensiod beforsades heeariee 4raN8MH0h BT the

chimeric pTrcHigigxR¢eRRIgH R3SELIE: is AREORNRtheSRg Y eatordd il Tetsiter.6 (InforMax) to

confirm _that the genel'ig%q(qtso would ‘g:)giirﬁgS he caprect reading frame. Tgble 3 als_,o _provides the
gene 5size, the protem'me—‘t!h‘e_ﬁre’d?%e‘é“. ) il m‘oiecufar weight of the native protein in daltons
and the prefiicted pl oFHE WrotinPyifen BidoPrdictiee diskrifA d 9o BrinaYessHibih S
protein adds apgitxiaataby dnkidee totipetihRtivieh protemisapretictod endlacitarcweighiti®ene
Gene size (bp) Brofginsizs (HAFAGHEERLMW LR PratRiR ol RiRsiciad ke 1140
1815 605 97’7313;)09 xfﬁsr%y}'?‘é{'&'ﬁ%)? (? rr?la%g(?l’,%%?nl\/l MgCly, 1 mM DTT and 100 pg/ml BSA
with 1 U of each restriction enzyme at 37°C 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 ug/ml by
dilution with TE buffer, The purified restricted insert DNA are used immediately for vector
ligation.
Ligation of the gene inserts into the pTreHis vector
15 Ligation reactions are all performed in a total volume of 20 ul. One hundred ng of
linearised pTrcHis is incubated with 20 ng of restricted insert at 16°C for 16 hours in 3¢ mM
Tris-HC! (pH 7.8), 10 mM MgCly, 10 mM DTT and 1 mM ATP containing 1 U 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  eachreaction.

Transformation of pTrcHis ligations into E. coli cells

Competent E. coli IM109 (Promega) cells are thawed from -80°C 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 fo 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 arc then heat-shocked by placing the tubes into a 42°C 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 37°C with gentle mixing. The recovered cells are harvested at 2,500 x g for 5
minutes, and the cells are resuspended in 50 ul of fresh LB broth. The entire 50 pul of

30  resuspended cells are spread evenly onto a LB agar plate containing 100 mg/l ampicillin

using a sterile glass rod. Plates are incubated at 37°C for 16 hours.

Detection of recombinant nTrcHis constructs in E. coli by PCR
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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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Twelve single transformant colonics for each construct are streaked onto fresh LB
apar plates containing 100 mg/l ampicillin and incubated at 37°C for 16 hours. A single
colony from each transformation event is resuspended in 50 pl of TE buffer and is boiled for
1 minute. Two pl of boiled cells arc used as template for PCR. The amplification mixture
consists of 1x PCR buffer (containing 1.5 mM of MgCly), 1 U of Tag DNA polymerase, 0.2
mM of cach ANTP, 0.5 uM of the pTrcHis-F primer (5°-
CAATTTATCAGACAATCTGTGTG-3’ SEQ ID NO: 107) and 0.5 uM of the pTrcHis-R
primer (5’-TGCCTGGCAGTTCCCTACTCTCG-3’ SEQ ID NO: 108). Cycling conditions
involve an initial template denaturation step of 5 minutes at 94°C, followed by 35 cycles of
denaturation at 94°C for 30 seconds, anncaling at 60°C for 15 scconds, and a primer
extension at 72°C for 1 minute. The PCR products are subjected to ¢lectrophoresis in 1%
(w/v) agarose gels in 1x TAE buffer, are stained with a 1 ug/ml 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.

Pilot expression of recombinant His-tagged proteins

Five 1o ten isolated colonies of recombinant pTrcHis construct in E. coli IM109 are
inoculated into 3 ml LB broth in a 5 ml tube containing 100 mg/l ampicillin and 1 mM IPTG
and incubated at 37°C for 16 hours with shaking. The cells are harvested by centrifugation at
5,000 x g for 10 minutes at 4°C. The supernatant is discarded, and each pellet is resuspended
with 10 ul Ni-NTA denaturing lysis buffer (100 mM NaH,POq, 10 mM Tris-HCI, 8 M urea,
pH 8.0). After vortexing the tube for 1 minute, the cellular debris is pelleted by centrifugation

at 10,000 x g for 10 minute at 4°C. The supernatant is transferred to a new tube and stored at

-20°C until analysis.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE analysis of protein is performed using a discontinuous Tris-glycine buffer
system. Thirty pl of protein sample are mixed with 10 pl of 4x sample treatment buffer (250
mM Tris-HCI (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 pl of
the sample into wells in the gel. The gel comprises a stacking gel (125 mM Tris-HCI ph 6.8,
4% w/v acylamide, 0.15% wi/v bis-acrylamide and 0.1% w/v SDS) and a separating gel (375
mM Tris-HCl 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

prepered ammonium sulphate solution and cast into the mini-Protean dual slab cell (Bio-Rad,
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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 ampllflcatlon mixture consists of Ix PCR buffer ontainl m 2), 1 U of 7'aq
DNA polymerase ﬁulﬁ é E’%ﬂﬁ?\l amBi;srﬁré:rréléléﬁ gs 3 m oofn?L gc’htléerN}il%( mq(:e%lsham
Pharmacia Biotbu)ohad bmw@f%caﬁ}ﬁmmefﬁmﬁ@rlﬁawfah@ P?JF@T‘%OW@G standards
chromosomal DAAvicthephbisasiaspmibiNiAie pieflasatformothiesamkdiaedybenteriae

strain used for qepome, seshue0Ring, ysing condliansduvaivaanditia csmalalesianajuration

step of 5 minutes at 94C, followe cles of denaturation at 94 Ior 30 seconds,
annealing a? 50811720 SBioskid Oéﬁd‘ﬁfﬁfr{ t@ﬂ%‘i‘l@'&ﬁ”ﬁ?ﬁ%’&"fg I R R b R
products are subjettecbiatalectrophoresis in 1% (w/v) agarose gels in Ix TAE buffer, are
stained with a 1 jig/mil;vgg{r&(;[iqu Q{,@mgde solution and are viewed over UV light. After verifying

the presence of the ¢ rect ze P uct the, PCR reacti I3ing the
UltraClean PCR Clea% up g%girﬁeedsp r8 HE °‘3?%/§§ :fw reactlon (100

pA) is mixed W|ml@%lﬁiogmBhﬁ@wﬁéifM%Wﬂﬁcéﬁ?ﬁf@Wﬂ%l?gffSSSéiﬁEfédb‘l%"'a
spin-columm Afteceanisibuigatio gebis D@l fatinsfinbiéfet (5 HowAtndgg Imd aiyscardet, and

200 P SpinCleqq Rullel. P gl SRR LU g@mé SEITHoaE-R3 Refore and

the flow-through is discard efore drying the column at 20

00 x g for 3 m nute
purified vector {8 ERGEEH 6 FETEAE6 G A o rRASRST BatgifeesAgn §'Fﬁ%sgl-g[%stlon of
the gene insertsudig tigympiidirempumiidot RGRaproBireRadeatigesryariveht 0T tbhalfrshlime

with 1 U of eacferme%ﬁan@&aym ﬁmmwﬁmgm@wmlg@r@ﬂgtm&m%m@aﬁp
recognltlo |te eterm € er e ction reaction
consists o %f\“/ls'lbﬁépelr—%f%{ %%%?f)g 'i\ﬂ%f\ﬁwﬁg }Oé)q( Rﬁ'@]{&% il rt%ﬁ%%ﬁ'aér?grﬁoo pg/ml
BSA with 1 U oi@@@ﬁ%@t?@u@ﬁr@ﬁwaﬁ@ﬁf@%F@M%ﬂ@ﬂ%@ﬁﬂ@s’fé@%%@ﬁfBWA are 10
purified using thﬁU@Qteamd?eGlalﬁlﬂ&ﬂmﬁd&té (seaiabeve)yRuilfietsdigettddvinsERSDNE are
quantified using e flyorom MEel A tﬂﬁw% %QE%”H%E?H;J% aﬂm&%ﬁo@@p%ml by

puri

dilution with TE buffer. The restricted insert DNA are used imme diately for vector

ligation. LigatioF@Prraceeubretiithid %WW.&Q@&E&%@M&W&?@MS&“&F& Hffoo-
performedin a foldlvoliné&of Riut.«Ohie Thendeetrag sfdindapisiodindireHikidnn Ebpatatiwith 20

ng of restricted {gar@kIPfEiRR A8, Hﬂyaédao%&maméﬁ%mm),sﬁlqmrﬁéﬁ%&, MM
DT!" and 1 mM ATP contalnlng 1U of T4 DNA ligase Promgl?? ﬂAn identical ligation reaction

containing no wfgﬁ'rllleﬁﬁ?-\"fs'gl‘éﬂ’?mﬁ%ﬁ glgnad‘{}% ?8? T KR R&gative control. The

appropriate restrictio gomaltinant pTrcHis constructs by direct
sequence analysis

25 Two transformant clones for each construct which produced the correct sized PCR
products are inoculated into 10 mi LB broth containing 100 mg/l ampicillin and incubated at
37°C 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 ul volume consisting of 200 ng of plasmid DNA, 2 pmol of primer, and 4
ul of the ABI PRISM™ BigDye Terminator Cycle Sequencing Ready Reaction Mix (PE
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Transformation of pTrcHis ligations into E. coli cells Competent E. coli IM109 (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 Iigation reactions (equivalent
to 25 ng of pTrcHis vector). The tubes are mixed 25 by gently tap he bott m of.each tube
o e bench artPRGHINEER AT oG LN SrURER PR S EREAr 6 BTG e
tubes into a 42GwéEtierfiatieob B sedendsidrefortrettPiidahy isbands iod fopRbingdutes. The
transformed cellg;are Jecovarge '&én@ﬂé,&@epapaa A%k hathh HGMageRimng The

recovered cells are harvested at 2 or 5 minutes, and th # rehrestusoa?nded .
pl of fresh LB bASHRYThEeBHEcs S B 3@4%%%%@8886&%%}@”5}%52 SRR OB

evenly on 0%
agar plate contaiingdl@0 avegiedrhipIGNiPreldiRG BAIETifE, ghdsgawen Meda@haﬂédhﬁt!&fbﬁﬁed at 37C

for 16 hours. D%E%G&Kb@d% @sﬁmdelﬁmgmﬂgﬁh&me@ém kﬁ(ﬁuc@%bﬂaw ndinyelvasingle
transformant co& QJ\eB acpnce rc?ﬁ%r%;} E{a tre %11; g%ﬁ{g%ﬁg{%%fg%@gmg

100 mg/1 ampici I|n an A sing e co ony from each
transformation W@WW@%&%@WWB@&PBF*@B&M&‘Bﬁ@@ﬁéﬂ%‘%ﬁ‘ﬂ”ﬁfﬁfﬁf‘éh Two pl of
boiled cells are useshas.template for PCR. The amplification mixture 5 consists of Ix PCR

bufer (corggining 1.5 gl MG Al f G ONABOMNEIASR, M of each dNTP, 05
AM of the plrcilis-F primer

- Q.10
0.5 ftM of the pTrcHis“RIPRRIoM: *@W@W@?ﬁw}&w&%ﬁg%@% BPRIG: 08)
Cycling condition® iinhd3droih i Zé@npilaQet@éﬁaﬂwaw@mlszéﬁQws’lrﬂmmééwgﬁ@u%Hév\ied

by 35 cycles of 3 @gnauuaten @f Sdkmic c@ %ﬁ%@‘lﬁsl@é&ﬂﬁﬁhﬁgﬂi%ﬁﬂﬁ teslbssesads: and
a primer extension at 72C for 1 mjnute. %3 d’h(ﬁf r‘(?esutﬂtectﬁd to %Il%%t ?})Iaore&s in
1% (wiv) agaroS&fy &8 mg&a’fnﬂ’ﬁ"ﬂﬁffelf’o&'f é’i’h PoimE fonde solution
and are viéWwed ¥9€ bl thgbpti@lakimiyoef thecehs s ¢80 meeists. ﬁ(wnmrplm}‘ﬁs‘*é&pws@h?m vector

produces recomiinant GRASHINCES 6 ¥RAIUP RIZe% AnbialaxRIRaYPN mqe@m@aamm
His-tagged proteins Five to ten isolated colonies of recomblnark‘gTrcHls on F

call IM109 are FBEFhIR A7t S HAEBE ATt mPQues Sl RIB ey MRS RIS O Gms eampmlf’ﬁ and
1 mM IPTG and:éneifipateeirs,3MCitliobdiGeh enrenvithgskiak PO khefaslisnarettranASSidd by

centrifugation a3 000, & REAAINIMHER R Her Jxlasa asmmmmamamﬁmgq@gb pellet
is resuspended 20 with 10 pl Ni-NTA denatun SIS ufferﬂ%h(% n‘ﬁ% NaHZPQﬁ cg.l?s mi
e t

Tris-HCZ, #M JrEET f1%d. %F%ﬁ%% P CCEMURr deoTis"ig

pelleted by centtiftedatiedd°ardvOrfigir.x g for 10 mlnute at 4C. The supernatant is transferred to
a new tube and storegat - 2Q(, é&h@@dﬁ&%ﬁ?ﬂ%%‘@% %k%ﬂ&fﬁiﬁv%’h{ﬁ@é)’ﬁx@é@@ 196k

electrophoresis (SOS-PAGE) 25 SDS-PAGE analysis of(i)ro ein is performed ysin
t

discontinuous 'I’Fl?‘ij’l}‘i&ﬁ’l‘Fétffh‘Ffé‘t"%Qél’é‘Fﬁ fefﬁf?ti?‘iﬁ’rfb‘f”ﬁt? E’i‘ﬁ“é%ﬂ?\cb‘lléaté‘?‘é%}%‘é%c %?‘Flo p.1 of
4x sample treatswesttioufiam@STheipded cisi-E! o pHt610)c BUiiiaationS LS, 0000 s HTIMUE,

(vIv) glycesql and 804 Yo (wly %emgmpgmm&bém@ %mmﬁéna{@omﬁﬁqgfgbé RS Sume

immediately prior to loading 10 | of the samp e into wells in the gel. Th e

stacking gel (12% Nt T iessa tptind Qees) abnatpeembinamhidis g ebRIRin 6?3*‘@&% |H’g ®nd
0.1% w/v SDS) b stn Sepiakialbing 46l wBH bnchddefrisd G inp T 8¢si2¥dhadvwaghpdmwith 80 B0

WY bl 20 G B ST 1RO R ARSI R .t ﬁoﬁo 1%

(viv) TEMED 0.05% (w/ v res y repared anunonjum sul hate o) utlo to the
mini-Protean dbafeceaveen vEhol et %é@“@ﬁfﬁ%%ﬁ?ng‘é bé%"&?%“r‘ti room
temperatud@ (RTjisdHH thmmtempiphémdiobhﬂeﬂmmshéﬁmhmd)@mmvibfdbtéagéktméast’émed

mojecular weloh e AR AR ISCHaRLAIRR SR IdraiAlel iR s Aamilesin ol allow

molecular weight edilmations. A?ter electrophoresis, the gei)ls immediately stained usmtr:j
Coomassie BrilifdtisBliie woxes (B‘id“@&ﬁ?‘%f’ %B‘”&Q’E@&%@f@ét%%ﬁ%?@?s&ﬁa Hliant Ble
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 electropgoresis, 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



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 ana!ﬁris 5Two

Y

transfotmant cld#ed B0k Lbheaned sohierpibmichiy trtiliesrrsls 924 dPEBYI S ucts are
inoculated into bwebi BbstotiscdntdiongoiedightgtRampicillin and incubated at 37C for 12

hours with shaking. The,pRiiEs GURsRIGREAHINES AR Ll Hlugad:akFRA nadandh.sirutes,
and the plasmid contained in the cells are extracted using the QlAprep spin Miniprep Kit as
described prev%’u%‘iwar%gug{l}ﬁlgﬁfcﬁfa ma%f Psméed%ﬁ’tﬁﬁrgc Il[%tfﬁaof%qr%rﬁeter‘fv 30 Both purified
plasmids are subjectddidgsspesepiis OF B8 PHRERYdE P ERIASESERESEbN cassette
using the pTrcHis-F anig pilitehpistEnp imprsl - Eachrsedued dimgaigaciiohdal pay tobm@derirand O gl
volume consistig, g1, 200,19 oARARRIALDNA A RIALRLRKTELFAT At hekiEs) SBLRBISM T

BigDyc Terminator Cycle Sequencing Ready Reaction Mix (PE Applied Bios ztems,, Foster

> Y.
City, CA). Cyclifg?t®Abatige thirsivelebeipairitdbeting sy il ot comBsiea By 2s cycles
of denaturation 8is8p@GitoR&l). SHeqnasinand diapribigrady inidiaitid atifeg A extbngiongstep

at 60C for fyminytes, Residual dve I Eminaler s aeHRmANRd SiommnE.AR0M ARG Loducts by
precipitation with 95% (v/v) ethanal containing 85 5 mM ,sl_odlum agét% e gelmS.Zzbﬁme EDTA

(pH 8), and vactitiis{eanbiorite fiali b siioda mheat hea e ifg each primet.
Sequencing praaiddts @abesargiirsedausiong ancaiRT. ITBs DibiaGd ipie ndbkXPEespiid

Biosystems). Nuglgotide.semuedeDemphibe.RitcHiRiisns dormedie yepivitbabihemeession

cassette is in the correct reading frame for each constructs. 10%?}{Qres§}iﬁn anéj ﬁ{)liri;[l(%ation of
recombinant Hi& R GyRBistamisPBS toe st faRT IR PEESMIThAIN SR e ristruct in
E. coil IMIDB isHolevilatdtlistoabd IpophiBskiothsisbr R80ihoonitakf askeaosialbimgpd@odng/1

ampicilin and incubaiggh b G C{aiekd PRS- aRAIpGoR2hGARoALIRSk SORIGINAAL of
LB broth supplemented with 100 mg/1 ar%lt%!g‘fn IS g}&c#lat%d Wlﬁh 10 ml of the overnight
[

culture and incﬂﬁgfg‘a”ﬁ?‘f%?@tﬂﬁt%ﬂwbg Ry O S Se SR

REE&IRE % 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.eelly AR elivtRadatamibawieinraking. After 5 hours of induction, the culture
is transferged to 250 ml centrifuge bettles, and th{a pgttl aLe %%rgu}%%d@; 28500 x g for 20
minutes a? (EIC. The sﬂjbvglrﬁﬁa'fgr?? s ‘a%cé? ené%lgaﬁ!dpe%gﬁ%ée I%telgs resuspended l\alw’th 8 ml

Ni-NTA denatusdlegRliroodiimmueiys dO/nim SR PAIE ot mteiprtetiensiare rea, pH 8.0).
The resuspendﬁﬁi&ﬁl!&lﬁﬁ:ﬁﬁ@b@da@tf@@ﬁmi_gbtoc'ﬁadavdd_il'mﬂsﬂéms_xiﬁ)m {§W@wd from
-20C storage ang thaw mtgt[)]]é‘%ﬁu1tm&e%%%§%¥ s BN SORICHER B9 QA UMGR 03 of

seconds with 1 minute incubation on ice between sonication rounds. The lysed cells are

cleared by centituiganig e 6lobldfanl herrafmeradospypite, Tidihieuhis Abiingd fom

transferreddo ahidh nehigiosumnpiertaibing@:Onbnmliped oo ofshiviiipAlagal §Semresin

(Qiagen). The r&%ﬂ@?iﬂmﬁe@ @Paé&%ﬁ%ﬁ;ﬂ,@ﬁk?,%ﬂﬁ%&%@&% Qo gaisaINdREdb eIt 4C
|

with end-over-en Xing. The resin is then washed with 30 ml of Ni-NTA denaturi h
BRRSBT

buffer (100 mMIRGHEEEAC herrsvpaered e SR sds 35 6L B Bt
Ni-NTA denatusitwybefutedncibitieg (o0 ol il a4 PROVINE Igt(V3O T riwleidit)-8AVEHIEaiolH) 4.5).

Four 3(‘1 ml fralcéiﬁi?i ﬂm @iu?t{% mgaue@g%%ﬁmﬁt%m@?%gﬁsmw@%mh @ul;amlis
treated wi L OT 4X Sa treatme urrer ojle minutes. samples are
Subjectedh SUETAVALNR AR Er G B PR VDL VAR o
stained gel is eweitibrhteduiiiciestifietianmentfens soqwindaiérd Aks Banrb R RIS SHEBtS of
cellulose overnight atrifelreactivierasgiRneiteaaierieheeambiaanngdotitiones is
performed in m%%wrmjﬁga;%fg J\L‘?@Eﬁ%&é‘?ﬁ&%‘%%@é&%ﬁﬁé@'ﬂf%%%ﬁm [eni3ecinalianef mice

(see below). 50ialan Isation of the eurified recombinant His-ted rotein
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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 prgteins
dialysis buffer i< aHYR!

§

re dialysed against 1 of disti
AR SRR ThEbro A

vylater atb4C Wi stlrnn 10 The
%ﬂ'} c Ca to induce a systtmic
di aryse proteins are transferred

from the dialysismobecirsowmsdofsvdentrpasctipibsspaodiEihaximum volume), and the tubes
are placed at -80C overnight. Tubes are placed into a MAXI freeze-drier (Heto-Holten, Allerod,

Denmark) and Iyoghi 45@% to dr

to a calculated concentratlon o%(
Iyophlllsatloﬁ, S

15Fo OWI

d%dla

RGeS Ltbes'ém@fé'%%pm}%flﬁ@r m%ncangﬁ;aéﬁgewa BBS

2 mg/ml and stored at -20C

fsatestofrrsie aPRtiters Trdeae SRSt g lyse

sis,and

fi5ine &g

genes are succesgfudiffaion ethimtoStingdgy el Eﬂxbmséluﬂnsy&mrammgﬁ)mmtbf@tem
can be expressgge?@}gggffagggsmese clones. Serology using purified recombinant protein

20Twenty g of purifi

ed recombinant proteln is loaded into a 7 cm IEF weII electrophoresed

through a 10% (W/V) SDS-PAGE EC‘: and
membrane is blocked with TBS-skim milk
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exposure to
successfully

expressed B. 5 hyodyﬁeﬁaehlaﬁhmmﬁ@mm‘daae@lﬂ' ﬁe&gén@tdl@tribmw wrasyeemigabd by
PCR using a papghefig3.difiaientetainsgine RIRIAEHI AR RRIFMET RO WG L S G athi| €S

from five differept cate
100% NAV- H41ﬂ’e fecott

ries of disease. G
mant protein 1s emulsi

RORRISIIRLIRD ok

Serpl

AR L LAY AR 100

intramuscularly into the quadraceps muscle of ten mice (Balb/c): 5 weeks old males). All

mice receive 100 pg of protein in a total volume of 100 pl. Three weeks after the first

vaccination, all mice receive a second intramuscular vaccination identical to the first

vaccination. Al 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

Twenty ug 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 pl of

15

cellular extracts of B. hyodysenteriue.
20 Western blot analysis
25
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diluted mouse serum (100-fold) for 1 hour at room temperature. The membrane is removed



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 ar%%ora ly immunized to determine whe &]%% combinant protein wo e
iImmunogenic. I%n}égoa%ﬁfﬁ%ﬁ?’br&aeslr? |sthé?%ﬂ 5 |évé&\}:vf é gr'o /(?’v‘/r\)/]j?\kﬁa??écr?F\C%lfitgiﬁmqé?\ltpand

injected intramustafzayt intbmense lethitakelp apigulcle ST M Pridd) (Bl By abropseied B Hales).
All 15 mice receite H0MuRG Ok Prateinir-atata o BT 0t Halopié: dEhternealsmafieAtkeificst
vaccination, all Bice feceive:;d SRGR LI Pﬁ%ﬁ%&%@&%ﬂ%ﬂemﬁﬂﬂi% dRrbefisst

vaccination. All micé are killed two weeks after the second vaccination, Sera are obtained
from the hedrt atSEden e R s daetand Morsh DuRe B Mibodies against

cellular extracts of B. kmtysbiatenkdgsis 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. kyodysenteriae.

15 Vagcination of pigs using the purified recombinant his-tapped 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 sero-

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 (~10? cells/ml) at eight weeks of age, and
the pigs are observed for clinical signed of swine dysentery during the experiment (up to 8ix
weeks post-challenge) and at post-morten examination.

Diagnostic kit

25 Serum is obtained from pigs in a piggery with known infection of B. kyedysenterige,
from pigs known fo have not been infected with B. hyodysenteriae, and from pigs in piggery
with unknown infection with B, hyodysenteriae. Twenty pg of purified recombinant protein
is loaded into a 7 cm 1EF 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 welis are
incubated with 100 pl 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 1gG (whole molecule)-AP (5,000-fold) for 1

50



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% wi/v) and
assembled into the multi-screen apparatus (Bio-Rad). The wells are. with 100 gl of
2 e mousP ST THBOIH ol o FGTIPAET SoHA SR TS R T PR € removed
from the apparadesantomasheditidsaitighbosplitksEEaTt@e i Wio dolddmandathsgswith 10
ml of goat anti-raasee 9@ Lyhale Melasatioh Be(a18-iold) denuildipiiatracmesmperature.
The membrane js washed thre 'iiEP S wigthB§T bgfgrgdqmgrBdﬁ SIRMSNS Ksing anAlkgline
Phosphatase S%%%%%E%it%&haﬁ%.mllﬁel REmbrane Is wéshéd)y with taplwé‘ir wf?gﬁ%
sufficient develSBHEN P HEPBERGHRYHARE SoFYecanned for presentation.  Western blot
analysis shows a signifigiinthin dremseni haamtitrodbsaiigdtivity dmeflaensi te goasificdsativdiments, it
recombinant vagging akaR 0 S QW IR aEEN AN Al ThE MICCIRE08NIRQHAIERRIIRANNI
proteins which are simjlar in moleculahr wgiglbt to that oféhée oorpassie blue stained ur.ifigd

C ?tﬁt % acfice

recombinant préPeRE HHESBE e iFh AR Shakihds Sgisde" SN reESRbiRant proteins
are immunogentthoyivisa thse criosreiidpititedesrtibed rgreimat thecurdinghiathniprendtbiusiiie yvéd
can induce spegifigitiitislatiagoapibedyitie aropins bileaptige mhelnesrist s ticatethnd the
recombinant pro}%irph can be useful in an effective vaccine for animal species from being
colonised by B.qhyo ysenteriae. 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

St



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 t6i"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 Brachyspicaikyodysgnteragicompising b oaHsef AR fa ki RedWAraiolaeule
comprising aseguemids thatdsoab leasttltnidegtical tosthedeotynuicl eotideiai @imimpA, Claim
10. A plasmiébooemirisittiettecpolyprivieleotide of Claim 9. Claim 11. The DNA molecule of
Claim 9 wheteinsHRIMYIR RoBieeedeiconpréastsson dsperianted Hee st graveletsingétlaim 1,

Claim 12. A Pfagmie: éeriprasihtf the polynucleotide of Claim 11. Claim 13. The DNA molecule

of Claim 9 Wgerei |d D A molec&le IS at I ats&e Ofo/ Lde{mcal to the polynucleotide of Claim

1. Claim 14. A plas com‘|?3"r1|'%r|'r51'§]1 nHCu% eotide of Claim 13. Claim 15. A polypeptide

coded by a priyrutieotideiaseoktingur:alriraidpnkheiaibikeppalypeptide comprises the
sequence selected from the group consisting of SEQ ID NOs: 18, 20, and 22. Claim 16. A

polynucIeoti@é%érﬁﬁ?ﬂé?ﬁ@‘%i”@@dh%ﬂé%‘%ﬁf&ﬁa@h%odes the polypeptide of Claim 15. Claim 17.

A plasmid gmrggsAn ”the tpolrx cleptld% foc?l ?1 16, Claim 18. The plasmid of Claim 17
wherein said plasmid is an ex ression vector. Claim 19. A cell containing the plasmid of Claim

17. Claim 205 nn i 0gReitccompasihaneampgisingdecaltaihClaim 19. Claim 21. A
protein comprising a sequence that is at least 70% homologous to the polypeptide of Claim
15. Claim ZB#inTReAsretbicom esteiien £or (WhraimQBier pioyfaiiPrschPraastrae M M FAMIGSUS to the

polypeptide%‘ﬁﬂl‘iﬁ%t'lea?%ﬁﬁ%@h@‘EJPBFe’in of Claim 22 wherein said protein is at least

0
90% homol g.OUES At\fatfl.:l]:lei’! 81 %lde Oftf'%l im l‘g)nt%ra reven ioﬁgflé’na ungofg?l rp F.Ica)gltlon
comprlsmg n immunogenic comYJ Sitl mprlsmg the

polypeptide orP Fnt 5o lo

Ciaim 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 polynucieotide 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 1D NOs;

18, 20, and 22.

Claim 186. A polynucleotide comprising a sequence which encodes the polypeptide of Claim 15.

Clalm 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,
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- 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 epteriae i animal. Claim.28. The f claim 27, wherein the animal
o a mammal S e A B I Repta
hyodysenteriae in an animal, said kit comprising the polypeptides of Claim 15. Claim 30. A kit
for the diagnasisnep pilesenc of Brachyspaaihyatysenieriaedn arvadinealzGaitd kit goREsHg
the polynuclediitigs &t 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. ThEIRALASTERE LB Gre RifProte v adear S hhethelaserye ts atiesatie
immune resp?)fr(f?é"tésBrachyspira hyodysenteriae in an animal. Claim 33. The immunogenic
composition gl {Iim 6 intSE: IR SoMsesh oS SENSIANDY, AiTYRUNe esponse to Brachyspira
hyodysenteriae in an animal. Claim 34. The immunogenic composition of Claim 20 for use in a
method of ge@éretingnamrmmisne esponia tonraciaysppaybymdysenteriae. In an animal.
Claim 35. A therapeutically effective amount of the vaccine composition of Claim 7 for use in a
method of tré&HPACoP [AEVESRMACS tRE ENLRe LRIUBEI R BIPABHIASAFAFRERI S RshHses Rrizm
animal in neEYBF L4 BARREBHECCTAIRTSE: A therapeutically effective amount of the vaccine
compositionQf; Clai ina ' venting a disease caused
Brachyspiraj{{/ﬁﬁ%{’éﬁgz%gi?j%%g%%%iﬁ%%gﬁ{?g; ;Eéf?l:%:é%gi% ,‘éegpéegﬁﬁ?:gﬁw elgg%'iive
o]

amount of the vaccine composition of Claim 26 for use in a method of treating or preventing a
disease causleith by. Bractryspisaneyodysenteriaeiinananimaiicor aeedl of said treatment. Claim
38. Use of the protein of Claim 23 for the preparation of a medicament for generating an
immune resfBsEt6 BrsRApren o pespierieldizrsein irtyseniaracdo au rimsh, uais totein of
Claim 15 foftRe Sreiarpebnestidenédrianent for generating an immune response to
SrachyspiradyRdyseiafiar: Baan a0inat.GIalm ddniat A LI LrRsmid o Gial) 2l9kine
preparation Cgmrmnegdtlhcgngﬁmco t%gpe{gtlrr}glgn Immuhe respohse to Brachyspird
hyodysenteriae in an animal. Craim 41. 0JSe of the cell of Claim 19 for the preparation of a
medicament|ion ge mes AHngndBe i RIR SIESPOMSaQ BrachysRiFs- e dy sertetiaginanapimal.

Claim 42. Usgefsthe ssprpssionaBsiareatGlaindder the preparation of a medicament for
treating or preventing a disease caused by Brachyspira hyodysenteriae an animal In need of

said treatm&nin &3alie 13nuIsgeok teenpedition O Slriml Tdertire iprepalfation sherstieglicamvantfor
treating or pridpesttindadispisstyedtweddrioy iBrachipspdira hyodysenteriae an animal in need of
said treatment. C?,IaHF 44. Use of the o!}égegtiqe of Claim 15 for the preparation of a

BRSO SPREPA LA ki) EPRUSIFE RTB SR B ar

medicameré: Pk Hen 1 Ul !
animal in nE&RPBFIRH FTRsHRLHodysenteriae In an animal.
Claim 34. The immunogenic composition of Claim 20 for use in a method of generating an immune
response te 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,
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Clalm 38. Use of the proteln 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 hyedysenteriae an animal in need of sald 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,
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