RECOVBI NANT ATTENUATED CLOSTRI DI UM ORGANI SM5 AND

VACCI NE CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
w@p@i7iizassé on i s a non-provisional application PEEUS2007/009135

claims priority under 35 U . S.C. 119(e) of provisional

applications U S. Serial No. 60/792,553 filed April

17, 2006, the contents of which are hereby

i ncorporated by reference inits entirety. FIELD OF

THE I NVENTION This invention .is related to attenuated

G ostridiumorgani snms, nethods of making and using the
RECEOMBINANTIAT TENUATED (CXOSTRIDIUNMIORGANISMS AND VACCINE

encodi ng the same. BACKGROUND OF THE | NVENTI ON

Anaer obi ¢ bacterial pathogens are a serious economc

bur den OoICROSS\RERERENGE TORELATEDBAPPLICATIONS €

Clostridiumfam|ly represent a particul ar burden,

batwiapplidih Barhehiproisional éspn@tﬁarduh%eamﬁswuonty under 35
US. cgoul t rZe)and ot her econogm cal |y val uabl e donest

§ 19te) Prreovisienal ppplieations ‘é(§1t$@l'altm@s@0/39§&5r3§f1§d April 17,
2006 iEcdrRbh&oRAR fhsé}e'hte%ﬁ mH&%‘iﬁé'Bg rte'f@'en e ln ItS entlrety

adm nistration o ant|b|0|CS|nt ni mal

particular, Costridiumperfringens ("C. perfr| ngens ")
i's an anaerobi c badflELDLOF FHE INVENTHAN n the soi | ,

1968 i nfEAE Sl foSterAPHled TR driEnfitis, HhalhBds of

mans an rent S ral ns
making ahdiusireg theasamee aind mautein alpha-toxynEeand\nuisteicighids,encoding the

Samedepend| ng on the spectrum of toxins produced [Justin

et al., Biochemstry 41, 6253- 6262 (2002); MDonel
(1986) PI—IARMACCBQBKGRCBNIIEBFA[HEONVE‘JTIDEorner and

J %%\g@blg':%aca%n?} é)ﬁq %Qﬁ’"ésr afeq‘f’r% 3}3{@@;{% géggomg%?gen on the agricultural

indusétyl Bageralofage @/sstativa familg répresendh p@mgneneum because
enteri.c di seases. é artl cuI arly seri OHS ent er

thesefragigtis cause IS iceRsas N RRMIEY ABdHhEF pepRomically valuable

dome38ie aMimafs) SPI&ie®s affbrtk B9 eBn&sl theReWBrghh&nfhavé Féied upon
a gangrene of the intestines resulting in necrosis,

sanitapyfeasurgscantd s ?@"@'St‘l’ﬂt'%%aﬂmﬁ%s imthesemigal feed e d

188??53%‘1'&1@%0%@7@’83’6%"%@"%? | fEHinGEns “}&an anaerobic bacterium

that issfound ) the soill pg):aylgg-cggaplpgmayt?r anﬂ aspadrof the %xt flora of humans
and drithGIE Tifre &t rgs?né)il %S))e ?égﬁé bie dgsﬁ'hglid:égﬁldtzp%s A through E,

S|gn|f|cant prob I ngens o
dependingyqrethe spectosnod toxins pr¢@mis,[Jtsgpeitum Byoahemlstfy 41, 6253-

6262 Ré@(?ﬁ’ofltl\}é%ﬁéf(hhgg) 5&%&@3@&&)5{(?@ %ﬁ%‘gu)\’n\?ﬁ@g?f erner and J
Drewp{Ed2HP&Ganidrd B’Veés Qxfoaf]diBiotypetAd slramsesr,easfs;mtiamlad importance
h, necrotic eﬁterl tis, outbreaks Eqrod ct i,VI.

as th'ehBIRich Adeins B Cod b tiifhiirp B Sd Sritpht Yidehses. A
particoferinserdosoentdriediskasncaudddby Gipbrikidgdinsds @nterfis wecroticans

(also art-known as, “necrotic enteritis’), a gangrene of the intestines resulting in
necrosis, sepsis, and hemolysis, in both humans and domesticated animals [see,
Pearson et al., J. Am. Vet. Med. 188(11):1309-10 (1986); Al-Sheikhy and Truscott,
Avian Dis. 21(2):256-63 (1977)]. For avians, e.g., chickens (Gallus gallus), enteritis
necroticans is a significant problem. C. perfringens of either type A or type C can
cause major losses, especially in production broiler chickens [Ficken and Wages,
Necrotic Enteritis, In Diseases of Poultry, 10th Ed. pps 261-264 (1997)]. In addition to
losses associated with necrotic enteritis outbreaks, productivity is reported to be
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Pat hol ogy 30:73-81 (2001)]. As noted above,
anti bacterial agents inserted in the aninal feed are

wo b@7essso conmon net hod of control. However, PCT/US2007/009135
anti bacterial agents, e.g., antibiotics, are costly
and subject to increasing concerns related to the
pronoti on of bacterial resistance. Mire recently,
attenpts have been made to provi de vacci nes agai nst

. r i
oo ol 8 A e A Al v
Be

Pathelagyi zeeaoa(@@pmns lpﬁptg@fhggﬁytﬁelnAeand in the
amm%}yfg‘éd% Hea! stvlﬁ&nqm%“ A H{BJ‘HW:&%%IOM e@%r, %blﬂgéctenal agents,

ion o ENC HERS was reporte
eg., apmmotlcs, aa'atodsdgham $mbjpcb1be|ocrqasm@gangnegaisrretatemt@tt'ne: promotion
fb esi ns i,nduced by subclinical challenge with C
o af)t&"P PRECC her toxoi d- based vacci nes prepared from
desierel rfelcedtlﬁ atferhpts h@enbebn)made & prduidewatsines against harmful

. S. . 4,292 307, h d
Clostgéliiga SpergePr5EPIR, LRVIaNg o4 blckivia ABragIpaR S UFER-92 (2004)
demddstratédd thhdidate vEESiAES bagBH drp&opdﬂﬁhg@m& djpePAsarid %e C toxoids

have been Rroposed For exanple, Tit al

. U S
with gy abumpinngy hydroxide adipryant \@3’"@@“ @?ﬁ?@n89¢"§ms[ reported to
.-prowéé BPEEW ic léﬁ-lti%b&%ﬁodﬁ'ottéatprgpﬁﬁﬁ' %g§m§t Qﬁ%r?cdlgglons induced by

rngens E.:I as we

subcltm@ais@l esgeayith Gaperfiagepse ﬁaheathoa;?rb@ﬁed yageingsprepared from
detoxitidd bdﬁért%ge%%&[.hg%% kARG %BB'eE \M“sc bamer\:@ra 282 307, which

acid residués 261 to 300 of e natur al perfringens

descripes taxoidsohC. patfringems m%onﬁnﬂoDL @wderaﬂ@ens and CL

?;% nogmyel i n hydrol yzi ns domai ns of the natural
septi ox) It was further reported that these peptides

[ Rﬁnmnbinauhtoxpid)paaa'raﬁom@alsmsha\tmbempmmsetdaanc example,

Titoaff 80l U5, Ealent o6& % 850 0y, 14020847 8RG B 8F7.337) renort nuceic
acndsmaaf enug@manb@émet(mwérfnhgmmptud’es a@stwell agities peptides
thems € B, aidhUACT BES PEPRATRCTOT R PSS d EIRRIGeS 2Jg described for

examPldWHichEHdve indcasa rfésid@egrmuwesw ef ahalusAIeC. perfringens
t oxoi d protelns to animals in need of imunization,

alphagiggh bul IR hesRReSANGRIPEsHG ARGEPNROGYEIN BYTohgins domains of

the nQM?@ﬁ%xW‘ Ot Wa@;mlrtlﬁ%r PePSHIEH thAttheSE peplidés frﬂitﬂ,‘ehﬁ"imune protection
mponent s of a whol e organi smvaccine). Furt

againgt S natiraliextn. basadrien: ek Ratent Mo §. fmqaw dlescribes a vaccine
based BAGH BHIGONE RIgNSRCMAABH ClpBFHAGelHER-RHG."

ef f eCti veness. Anot her proposed Sol ution has been
t b‘lweneep raattemvhgiher aatoxpidvagaiee is dedved fronwthe native

orgarﬁérﬂgﬂ'cug &t&“hﬂ'r@c@gﬂﬁar{t% ?tg? cggﬁﬁlg?%@t@ﬁeg&%nomlcally burdensome

type toxin I exa
to produce and administer toxoid proteins to animals in need of immunization, except

under special circumstances (e.g., treating humans who might be allergic or sensitive to
other components of a whole organism vaccine). Further, protein/toxoid based-
vaccines typically require repeated booster vaccinations in order to maintain full
effectiveness.

Another proposed solution has been to engineer an antigenically active virus that
will produce a mutein alpha-toxin, in place of the wild-type toxin. For example, Bennett
et al. [Viral Immunol. 12(2):97-105 (1999)] have demonstrated a recombinant vaccinia

virus vector that expresses a nontoxic C-domain of C. perfringens alpha-toxin.
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et al. [Viral Imunol. 72(2):97-105 (1999)] have
denonstrated a reconbi nant vaccinia virus vector that
wexprasses a nontoxi ¢ G domain of C. perfringePGI/US2007/009135

al pha-toxin. Unfortunately, while several reconbi nant

vacci ni a vacci nes have been proposed during the past

20 years, there are still longstanding concerns about

the safety of releasing live, infectious vaccinia

t .

UnfolflAEAY. Wil Pk aliaciphe Bt e Oy d Bepn proposed during
the pakt 20 yearss thereears ﬁﬂﬂhldngstaﬁwrm cogeem)s affout.the safety of releasing

ive, FS4ELAUERR S A0 8 BPEARRHBENENRord PR e transmitted to

thoseCpeeplblwlgomyelnuhmstamlnusﬂhsumrasi er ase, and Iet hal
re are, a

guw |es £ rrb’ef.of reports i,n the art
Nelbhhestoxin (€ gBB8) BF B perndnad FRhavn1d passads several
b'°'°g%?3253‘§“5tée§§*§’3’fﬁhd§“$?‘?’%‘é agmlify; phsphblipach Op Bphingbmyelinase,

phospReRiEHIRIaRS. 274 Jthal RIS THSS &16® AUASHS! reBorts in the art

concéilrﬂr'ﬂg”‘hﬁlﬂéhﬁns & 0RY Yiphad-toxiP tht rB8uds tbxisi.t SEﬁoéPé“ étval. [Infect.
this strain to elicit inmmune protection agai nst ot her

and lgpynuan®9( il 7 194:7d 9 (204 ﬂml;eserlbgea naturgldrecewEipoLs. perfringens
strau'}/mé W @53\ Fha : télghg"%ﬁfnn %%\Jv(eilrg} "ewsutod diffi cult to modify

owe lon o he 'toxin from a
this sdraiini to elicitimemune Protedind @gamet ather vafiant |byt1to>tl©wﬂd—type C.

[ [dsce agai nst gas gangrene experinentally
perfrfnﬁ'gHQséggy C. perfringens. Alape-Gr n et al. [Eur. J.

BiW dlreemso @ndslitsal VA c{r@000)7)2) H2638- 1258 (1988)] slwwed that the
i 7 d
regiof 3he Ybhh b ARG e 10PE a7 1 g R Y pfifent to
mmu.[rhzé atte algdlrishgals garigréd@ @xpéfthentalfyinduced oyt @dpétfdihgens.

Alape- g[ﬂ‘?ﬁgm 7k iﬁ-ﬁl rﬁ%o W%}éﬁﬁ&{ %?8@@[%0@%&?@ Felﬁorped f?‘nat

subsfRatibAs IerIA@926§7AsE336’ STYr2¥85 TYa3ER Jdnd Emeh aédhb@a alpha-toxm
substitution of the histidine at position

toxicif Nagahammane! al [/afect @rd fumun, §53489- §49g41 997)] reported that

repla@éﬁ'fern't Be N%%;—S’é B&@p-ﬁ 96' 8r G‘iﬁ-ﬂ l’é?%sbﬁe@ |rF %Hﬂc@dealbﬁéﬁoﬂﬁ toxicity.
ytic, phos i pase C, sphi ngonyel i nase, and

Nagﬂ*@t’%ﬁf aky: vB@ eGP’QQYe1 A 479- 141850 9953 reporteAghat sigesditution of
the ht%'ggﬂ%%bgsn%ﬁ%ewﬁﬁ% Hil%lotlréi‘é‘?-ﬁinb%dn aGidn’a4 §| @ ,}Q"%q% the C.

| ree zinc-bin mai ns of t prote
perfringaos @lpha-texia oesulted Wa@t:pvmﬂ@t@ logs 90 bsmqlxttq phospholipase C,

sonlohifiEae) ShqjeiSLL R BRI Bl i sngle amino aci
change w@ﬁ)balgevetdw@r inactivateronesoftbedhree rine-kindingodomainsfaf, the protein.
The ﬁﬁ? 'E)% ﬁéldozmgi %5&?\)&&3& b&:sﬁ{ﬁgﬂtuﬁfonpéﬁﬂ%%b' ?su Ealt%rg denoted as Zn2

ensi vel'y &ar mal's
[Justmvetaais Bieckémistrycth? 6REBH282 (RA02). ect i on by

Stri cies,, includ erfrin
citE o Er ek el Fegh it REYToR 2 <=16. economical and
effectivmaigthod oiprotectifgiistensively cultivated domestic animals, including avians,
such as chickens, from infection by Clostridium species, including C. perfringens.
The citation of any reference herein should not be construed as an admission

that such reference is available as "prior art" to the instant application.

SUMMARY OF THE INVENTION
In order to address the above-described shortcomings in the art, the present
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that such reference is available as "prior art" to the
i nstant application. SUMVARY OF THE | NVENTI ON I n order
W0 eoogdelsess t he above-descri bed shortcom ngs i PCT/I82007/009135
art, the presentinvention provides nucleic acid
nol ecul es that encode a substantially nontoxic rputein
of Costridiumperfringbns al pha-toxin. In one such
enbodi nent, the nucleic acid nol ecul e encodes a nutein

e i, SATBIURETeb e SRS S EMENY igic muti
of Clostedilum perfringees @/pha-taXint e odelsaichcembodimnenti, the nucleic acid

resi dues, is Hs - |ln,anoth i t nucl ei
mole§ R SMitERss g BdleinBoSa0kiber BEREHTER the RMind Heid bsauence of
SEQIDMIO: 3eminlie atilogst 18@ahseeqties amind aSidrdsiiiés, wherein one of the
m,nus, at | east, ;12 consecutive ani no aci.d resjdues,, . .
delet aming asid residies isiBisss ol SRPIEr SEOYimeart, the pidcieic acid
moletiilghcodessd mMutem@lphaltogifthgt 68mprises ehé aehiad acit s8quence of
nol ecul e encodes a nutein that conprises the amn

SEQ iNG5 3qiRdR ableastd7|asmRecuiveAMIBo 26id eesidues, wherein one of the

deletEQRPRIRBIANIE rédTHIEs REHILGL ST SiIEanoier ePhBodiRferY the¥ucleic acid
del eted amno acid residues is H's b- In yet another

molegyisRNades, 2 meeintbat Femirisgs toe asine asid saadencenf 85 1D NO: 3
minu%n !%ﬁ‘eé%‘? 6r§s%%u%ib@ ainBhdd 'ré’siﬁ&gélﬁpﬁ@l;?% oﬁggufgge eietéd amino

us at [east consecutive amno acid resi
acid rgsidugsnisdiissof Intyes ansiteeremboediroenk thle nusieikiaeidi molecule encodes a
mutem ﬁ\%@ @Hbr%‘é'sl}he%ﬂﬁ%eécig @gﬁg%:'ﬂ@é”of S.tEI'tf Iﬁﬁb?h%ﬁl‘ﬁ's%t least 6
nol ecul’e 'encodes a nutein tnat conprises the am no
consecutivesamirenacidaesieii®s| hetkinone of theadeletaxbamino acid residues is

i SR S B OGRSl En el S muten
compgisescthemmhinoaacid sequenee iofl SER ¢D NE@: 8fminas ginleastr8 consecutive
invention en

. caodes.a nutein i,n, which .no nore t.han 48, ,.
aming G sodues SNGZim oY o whe HBIRIEY BiviR AP efitate 5 Hisss.
a% @gn_eaérhdod'mﬂnlamﬁeis_lé?id BlldﬂQ;xflé ofltine gl‘eéémﬁnver_\tion encodes a
e (0] nt, a nucl el acCl myl ecul.e enc es a nuteln
mutefryinwhich Nemase dam 48 NSESHELE ATIVR 24 FRiduesare deleted from the
aminb &ids8§uerice 8ES5ECID NOM3 L e aRbiH? embadirRAHEA Paickiic acid
SEQ ID NO 3. In yet another enbodi nent a nucleic acid

molegyEanAodes  Bueindn whish A Mogk than A8 cepsecytivhamino acid residues
are JERASE Horh Yee BTG 2K Jod @b BPSELEITN! £y Jerardter

am no acid sequence of n still”anot her

embadiment aenicleicasid maleadpenasdes s mutgintinavipela sermore than 24

conse &R/ éﬁih&ﬁ&iﬂ%%io%é%ﬁr%‘ Jbl%féd"‘l‘?érﬁ%%‘ﬁrﬂﬂ%%éia %%q&ﬁnce of SEQ ID
consecutive am no acl residues are delete romtne

NO: 3inimetilhandthes emebodimsnt sBgudleicNgid sroleoule gfdheipresent invention

encogglg gdrhmﬂféielé iljrll yﬁz%rgég ﬁﬁglte ih%Y'le'fg wﬂsé’%i\(/iedaqﬁin% g&alrgglﬁues are
g a nuternin I'Ch ni ne
deleted fficea tite aeninoiaca sequencesotiBEQ H) 8lQteB.et ed from t he

ﬁ“ ?2% p%fthc%ﬁ%%ﬁﬁggﬁpgét, %&plreDsel}Qin\?’ént%%epr%t/i&Ié@ 5 nuicrc'eic acid
molecule encoding a mutein in which nine consecutive amino acid residues are deleted
from the amino acid sequence of SEQ ID NO: 3, one of which is Hises. In a partiéular
embodiment of this type, the nucleic acid molecule encodes a mutein in which the
deleted nine consecutive amino acid residues range from Tyrs, through Trp;o of SEQ ID
NO: 3. In a more particular embodiment, the nucleic acid molecule encodes a mutein
in which these deleted nine consecutive amino acids are replaced by a single leucine

residue.



enbodi nent of this type, the nucleic acid nolecule
encodes a nutein in which the del eted nine consecutive

w@rioio23msé d resi dues range from Tyr 62t hr ough Te@OSWD7/009135
SEQID NGO 3. In a nore particular enbodi nent, the
nucl ei ¢ acid nol ecul e encodes a nutein in which these
del et ed ni ne consecutive am no acids are replaced by a
single | eucine residue.ln another enbodinent, t he

Y5 e BB B oy

sequamm dESECREID NO: 2, wpemuﬁ wmctadﬂdésr%ﬁ-Z% a!rda deleatgde In a specific

emboiieff bt S /e, ritfertinesiadio64 oF nd FBUiiR R bR or SEQ 1D

NO: 2aarélrégla©ek1€by3tmee rrﬁﬁ:lébliﬁes'fhat enssdd adingleseuginavesidae.
tantlallé|nontox of Clostridjum

KRN srﬁmﬁsaamlv@mwmm% pf (pstridium

pe,fnn?éﬁs Blfﬂfd)fo?(h t fXbAe GOBRdnSSdifitnt ARG Putef ipHRaBRINCEOmprises the
SEQ | 3 mnus at | east 18 consecutive am no

aming acig $%F%ﬂﬁ§s°f SR& B NQntminus ptleast dBcpnsecHtiveamino acid
I'eSIdLrI§SSIVGWé‘§Iﬁ én@'o‘? B dlefété& ARk a‘t’@?é’élaﬁé‘i is Hlﬁ%l\bmﬂ Shéther

nprlses he am no acid Sequence
embqﬁtmagt dhe [ragtein comprises dve mngrﬁqcbsa@uwresgf 8E&5ID NO: 3 minus at

least Wf({]oﬂsstglcﬁﬁ\?% %ER .h&‘ %C%n%e%d&?%ﬁ?’%ﬁﬁ%‘% of the HS%té& aHhﬁo acid

. I er e e muteln conpr
residyeseisarlises bicstill arothen eonhsfdideqQt,|the NOutedn gpmpsises theacsmmo acid

sequé;netfeggizgéﬁ YRGB gﬂnﬁg !ag 4! echﬂy%@}r/ﬁipo i ﬁésﬁugs in which

amno acid residues is H'S -
one of tie deteted anine anid eesideesisy Hises tmyzetamilotbeaembodlment the mutein

n I SEQ, LD NO 3 st. 6 Ijve
compr PR TRE Bnftho Zefd HalEheepEBRE IE NG 3 Hinfis PRIEH K doecutive
aminaacidl residubse wheseil oné of the déleted anind ecidrasidlie®istHisss. In still
anotrgrAhet B i’ B i S 3RuShos GRS 0 o 3
minug 86ledge 3, coMzecative affinéfacidfegithel, @thar&imen@of the deleted amino
resjdues i.s H s6b- In one enbodi nent, a nutein of the

acid rgsiduestisiHiSesnt i on conprises no nore than 48

C I8 A6 dnhiySditiBril 0a dMuitdirl 8Ft stehatnvéhﬁoﬂ %ﬂhﬂ%efsrrﬂinnore than
the am no acid sequence of SEQ | . I'n anot her

48 copfgetivR-AMING REIdesiduesbapAre delatod fior theyaming acid sequence of
SEQ RINSCI! i Sndfdiembbdiniit! thermutish Loptbriddé Rfor8ThaA 36

aci d sequence of Q In yet anot
conseqyliygiareine a¢id residues d?éf#ﬁdlfm the amine aq'@ﬁeguence of SEQ ID NO:

. In SRS VBRI REShS g S pELE 1O 24 S8hEBeuive
amine apisdiesichies deletad om henpmineacidsagueaceediBEQ ID NO: 3. In still
anovERRSRGHIIR L 1RAH oERbEL ASKFLEA 18 ABNLARRA dino acia
resideeshddieteh from the pmirse acidi sequencernfiSHEQ IeNO 3.

San gtp%q{i(inﬁl':\l' gmbodiment, the present invention provides a substantially
nontoxic mutein in which nine consecutive amino acid residues are deleted from the
amino acid sequence of SEQ ID NO: 3, one of which is Hisgs. In a more particular
embodiment of this type, the deleted nine consecutive amino acid residues range from
Tyrs2 through Trp7o of SEQ ID NO: 3. In still a more particular embodiment, these
deleted nine consecutive amino acids are replaced by a single leucine residue in the
amino acid sequence of the mutein.

The invention further provides attenuated Clostridium perfringens organisms that

5



nontoxi ¢ nutein in which nine consecutive am no acid
residues are deleted fromthe am no acid sequence of
WEEHQ7IDSBD. 3, one of which is His - In a norePCT/US2007/009135
particul ar enbodi ment of this type, the del eted nine
consecutive am no acid residues range from Tyr
2t hrough Trp70 of SEQID NGO 3. In still a nore
particul ar enbodi ment, these del eted nine consecutive
have 8Jtfei dcis n?él@cmg‘éﬂhépéﬁcéﬁ’eé"a SuBatatiafl Hoiforié Fhiteh of
am no acl d sequence of
Clostiigdiwempedringans lamhq:tqm irdegeated wnd@ttbelr@h@empsqmm This integrated
[ 0 [
nuclefbh&}& rﬁ@% gge %%EL&%BI tlgé%{e%\/%ton (E})E(,I&*gﬂ f”hfé &xrﬁ%%& that is
homolbgmis fodihenopatidm oﬁﬁ&nsudbm acid owoleculet ﬂs\glt eheddemthe wild-type

their. c |nte .ated nucl eic
alpharfgrin inf e AR gt sl SR g BT, s, ap.attenuated
Clostﬂdimmpéﬂﬁﬁgbhsbrga\lbmmﬂ thepresént invention shhde siibstanatially nontoxic
due tcgltjtgclo% (?f?é ?qrg;? | ecgwe9t haé:p ngegggls ﬁh%me " i')lq"@lﬁére% F%he attenuated

ClostRE/RAN p&Hrin BH§ or@éhléﬁi&weé@tyﬁb%tﬂlbﬁhnummgiefﬁrf
organi smo resent i nvention can be substanti aI I

e Garbe A ST AdRRer kS PR Sedh EEBHEN. 19 atepAicpiGiostrdium
pen‘n@ost r%rﬁm' Ib& G-Il B rfHin rﬁéh%éﬂs 3&?t8§/<i86355As-054 (ATCC

um er rrngens orgarn sm can
Deposit ds. rF?'EM\naﬁﬂp)erlhrancgbaspantwukarrﬁinbodlmwt af the iresent invention, the
ateni B R ESERORTNETIAAhe SiBoflrh M R SHa R B GUR
CPERINARHd¥T G66r0 5 ATEC DEJEsit Nep PIA7365). PTA7364) . I n

a rtlclar enbodi nent t he present
Al REMER e QAT R bt A RAARd By ihe ethods of the
presedt §Ention carfbe ddlatddUrdmed hbstasifsal GratRE/dihEe 4 Mammal or an
365-053 (ATCC Deposit No. PTA7365). A C ostridium
avnanp§qqh mj’éﬂ%‘ab‘?r @%’M%%"i’?}é?o‘ﬁ"%e aﬁ‘t“é%w@ﬂ‘eﬁoffy"? hExganies of
appro?naﬁé‘%v%?%ﬁﬁ&bdb%fﬁ&ér&n 1GRBy S edi AR, Pifsors, @@e@eh@&}es swans,
nimal that 1s either a mammal or an avi an.
partriggemand geetsea.ncl ude: bovi ne, ovine, and porC| ne

E’fﬂE@:Lr‘é§eQ{ inYBRGGK %'Is%t @o@Y&&n\?aéd?ﬁeﬁdguEH iv%%@f?'l%’s can comprise the
turkeys, ducks, pigeons, geese, doves, swans,

attenyatedr Clogéridiamdoesfringans giganjsras ofithe prasent inwvesition. The vaccines of
e o BH (RBOIBRR o WA BFBHASE BT B pyrors, excipiont,

and/oplael;;.mmtsnventl on. The vacci nes of the prevent
gtlon an al s inc

isBR, D riePtioh B ayiEs RiEhOBR raf ddha Ymmunity,tg Crostridium
perfnngldmé iroan anfraal. n@eBtsuzh @hbmddﬂenﬁmimpdseﬁédmhﬁsterm an

mmug%n%q%o%ﬁeg (iqrﬁlep f ota é/sgé%rﬁ: 4}%@?}({%@ nﬂggri‘t%arll to tgeeanimal The
vaccihéduh tHed presaint inwintiontdarebéd eamafst@reuagpa mRintbert dferoutes including:

resent 1 nvention to the ani
orallyl,olntramuscula , intravenously, mtra@&maTy subcutaneously and intranasally.

A vaccine of the present invention can be top-dressed on the feed of the animal and/or
sprayed onto the animals to provide for oral administration. The present invention
further provides an animal feed that includes a vaccine of the present invention.

The present invention also provides an attenuated Clostridium perfringens
organism of the present invention that in addition, expresses at least one gene
encoding a non-Clostridium perfringens polypeptide. In one such embodiment one or

more of the non-Clostridium perfringens polypeptides are bacterial polypeptides., such
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vacci nes of the present invention can be adm ni stered
by a nunber of routes including: orally,
w0 ndoramasscul arly, intravenously, intradermal | yPCT/US2007/009135

subcut aneously and intranasally. A vaccine of the

present invention can be top-dressed on the feed of

the ani mal and/or sprayed onto the aninmals to provide

for oral adm nistration. The present invention further
as arﬂi[g;%%ﬁ@?r%téiﬂs%&rﬂ% Jf)zeQal‘iﬁ@rﬁelIé1 tdwdlsifiador @%ﬁg?ﬁb‘éﬁég@c and/or

present 1 nvention resent ‘i nventron al's rovi
combamatinnsctheseefd /Qt&matlvdyum jrecombingtion tbegﬂwtmm ndntGlestridium

porEEHEBRUHRATRE 2 BT A B RAREES 58y 7lcn .

bactesiat pobpeptides nnclodie nmmrmaﬂemcﬁr avian pooteiils) € ¢.i clitokines, such as

. r ens es are bacterjal po ept,i des, . .
chickB {18 YERe8 AER SRt IR Sorenavis: STELPRERies guch as eimeria,
isospbfa\saHd &r pms;ﬁ}myﬁ\obact er etc., and/or conbi nations

t her eof . AI ternatively, or in conbl nation therewt

h,
oh FPPHRIRSAGSHy DB AP RNIRHE RO PFRIOEH 8D AligPay that selectively

blndsol%| aWPSBfth@ mnEéﬁP‘ﬁl’cﬁﬁ tRé s§5§férfﬂi%ﬂy PRAtSGE Mutein of Clostridium
pol ypeptides include mammalian or avian proteins,

perfrigges iafeha-toxih Sush@tivrdies can distipp eﬁmﬂst%&tla"ygnontoxw
mutefrPf‘rar‘HéHﬁld Q’leQﬁqu&Haerﬁﬂ% o” hé?& uch as

I eri a, ora I um n anot her )
a§'|@§¢klts ﬁh@ ataOe@r@mdedwmmm@ﬂwad@@o@as gihthey pagsent invention for

use ilé %’}tgﬁbgg{' éyiﬁlayatgu@) thidB1 ﬁg{s tb%lgﬁ \}Bc%g'ldfu%d,fcspénérnﬁtively, has

nont ox mut el ostri
beenpatéirallyjefested pjna @I@;si‘rrdlumdﬂfmgertmolngwlsmn
q y )
CVRRERSHS AR BF A bl e ¥ Ul ARt nes
been klatsraﬂyenmk:t&ﬂ py avﬁ:kbsthdlhm penfringeres otganisth ifiood iope \GEccinated with

an attdiiieBES Ubr i B BRer™s ardfmah. ot Boablfiel Thefip uen
embdthimehe éie ﬁﬁiilukb@bhlalllsrtfcﬂﬂ&ad@a flaidCbasiple ffonimbecamimal with an

antlbtatﬂ)d ﬂbe}t G Mq&pfgﬁg r 4 ngai/ﬁ%n{%tﬁg{s" q?\z(gb gg;gsr‘]lcflgstnglum perfringens

alphd hin fHdt\hdsexs Qéleféﬁ frofd i SuiSKtHAt AR rﬁéhtﬁﬂﬁ:‘ﬁutem of Clostridium
organi sm from one vaccinated with_an attenuated

perfringags aiRfasiaxPT hepr@sent inyantion, dherafare. hestihady ¢an
distinBDfoiBle HFIAMISHaE nb08 LB \SL AL Vit ARLAGLIAIG nontoxic

romthe ani nal w an anti

mUteM%GMSVEnRVWWQ@%WPQQr@6w@ﬁ‘B&rmeﬁﬁmd"wmw »(ged/or an

attengaf&% €l mﬁfﬁaéﬂh%%ﬁaﬂ?nt rr}?sostszf?@?r;r% f@ltﬁﬁ-@?mm those that are
infectedon hadj baen infectedipeasvild pipe 6@6tﬂdl@m per&ringenealoha-toxin. The

next %t%égg% Qgterﬁlﬁ% Hither Hégaﬁﬂgdcgpr@écw itfl tﬁ% ﬂﬂ%ééﬁlple e.g., binds

ani ma hat een cCl nat e
to anamwamqmalhydMGde samyile. diheGhnipal nsjldmntlf ed as one that

vt 6L TAEHR ) b1 SR HEPo bR BB e

antibedy rescts nth the fraid samplér om those that are

BRIEF DESCRIPTION OF THE FIGURES
FIG. 1 illustrates a genomic map of the C. perfringens alpha-toxin encoding region. The
locations of the two large (1182 base pair and 1746 base pair) fragments, respectively,
that were used to construct CPERF001 are shown. The location of the resulting 27
base pair deletion is also indicated. "Yplc" indicates the yplc gene (CPE0035); "plc”
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i nfected or had been infected by a wild type
Clostridiumperfringens al pha-toxin. The next step is

w0 eoodaessiri ne whet her the anti body reacts w t hP€h©S2007/009135
fluid sanple, e.g., binds to an antigen contained by
the fluid sanple. The aninmal is identified as one that
has/ had been naturally infected by a Costridium
perfrl ngens or gani sm when t he anti body reacts with the

mdu:a}t?ef]%J ng §§E§ %gogRl L ?Eﬁ;gcgfnz)@ ﬁ)qal%s OTEEP ggﬁ;EO%W’lindicates a

downstrpaar gerxeé.n encodi ng region. The | ocations of the two

F1G. 2R ifatge e SERte P8 nomen of B Srtinie epir OB aygens strain
CP6 [SEQND NOe4| tgis apoplion beseelstmwmgzﬂ(l easrudiedtides 262-300) of a

plc g BogteRsTeR) CRaliAnd e coresiording Bretids seavrged f5€Q 1D NO: 5),

wher@’tl‘ﬂi"@n&éﬁﬁhﬁlg( MdRREP i BAARE1 EhdoAlbleaSe R¥étrichdh Gibafsed in
downstream gene. FIG 2A illustrates the sequence of

Creat'ﬁgﬁb?tqeéﬁi'% the pic gene fromC. perfringens strain
FIG. éE’ﬁle%%%é EPué\Qe lfenéehbﬁthbggrﬁngp(éltmlj)ﬁds@ds@dl\i@crggte the

e., nucl eot| es 26 I C gene

delettﬂn dnrtiEPpprentC. tRRITinganssyiorini 124 Opgpingiesed l!ibﬁ deletasp CPERFO01.
The dg@gﬁ%ng’iknd.&é‘@%q fB'%,-HPH %E rI?JnBH é.fé%&l%%a ih I?ﬁe ?ﬁ@ﬂr to facilitate

ndonucY ease res 1on Si e used i n creati
constagition mfrthelzieﬂ}:tlcms Aldoufiustsated is bhe seqeenoedlog pdmide (SEQ ID NO:
7 primer (SEQ ID NO 6) used to create the deletion in
" the parent C. perfringens strain 1240, giving rise to
FIG. 20 diusttatesitiie SEEiRENCE of fRecresolfingl deletion imdCRERFOOINESEQ ID NO:

- ' d
8; nuqiadiifed 08 1TaMR B1thE folesPRiding héMiid (s58y0 Ro: 0). The
underihingsinditiatess thee tdstoreo lasﬁﬂnénd@\méM? eedtiEiion alt?IO
. FIG 2 the s ence. o e resul tin
FIG. A onep Goans ustrabsn e Sty e s RO ptle M eng ot
perfriigeén$8Wain"CPB4SEQ B NON4)] rﬁlﬂ:l@@tmésd%i@@@] bﬁdl‘ﬂ% c%}respondmg
The underl i |nE)c tes the restored BanH
Pept'%ﬁ%ﬂ%ﬁ“%@?ﬂ& N: Q) owhere the W@”'QN%HE@%@%\FW BamH1
endohuéléééé ?éﬁﬁcﬁ&?sﬁ@ﬂﬁéﬂ‘iﬁcﬁgatﬁ‘l etddatign. the pic gene
om C. perfringens strain CP

FIG. mdiwﬁtﬁﬁﬁ%que aﬂ@etmgn%%%fgaaqma@%@m tpcreate the
deletnéﬁ%@&csaéeﬂi% Eg%r%%ge?) st}‘m ghﬁné‘ﬁgé%'tﬂé I%l%]etant CPERF002.

i ndi cates the mH1 “en onuc easé restriction site use

Also illusteatedtis the cagesepedinarpeptide. (SERIPINGt 1Bt es t he
FIG 3§'ﬁﬂH§f?§@sq1et§E%uBhbg%f tﬁé?&él%%@gﬂe‘?%n"iﬁqug Pl Q ID NO:

t1on arent rrngens s

12) and @prrgSPDB‘élnchGtm@eoK@E@dﬁtN@PE&FOOZ. Al'so illustrated
is the corresponding peptide (SEQID NGO 1 1).

DETAILED DESCRIPTION OF THE INVENTION
Accordingly, the invention provides modified Clostridia organisms and cultures
that express one or more of the Clostridia toxins, e.g., alpha-toxins, as muteins that
have no detectable toxicity, and/or substantially low toxicity, relative to the native or
wild-type Clostridia toxins. Advantageously, the inventive C. perfringens mutant
organisms are readily administered as a live vaccine to animals. The inventive mutein

C. perfringens alpha-toxins are also provided, together with nucleic acid molecules that
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FIG3C illustrates the sequence of the resulting
del etion in CPERFO02 (SEQ I D NO 12) and correspondi ng
w@epuitessq SEQ | D NO 13). DETAI LED DESCRI PTI ONe@FFUS4R7/009135
I NVENTI ON Accordi ngly, the invention provides nodified
Costridia organisns and cultures that express one or
nore of the Clostridia toxins, e.g., alpha-toxins, as
nmut ei ns that have no detectable toxicity, and/or
encoaé' Qﬁé ﬁmtbﬁ{é Vet 'f@t"é)girk¥3|n§Qhétdlﬂﬁa Jtékihs Ea h{éfﬁo@é of using the
-type ostridia toxins. “Advant ageous y, e
samq nvent ive C. perfringens nutant organisns are readily
a@&no St r?rg)vﬂfé 8 ééa\{'ede;/s%ﬁﬁhgﬁ of %éﬂwé%an gg\?eral tqrms are defined,
i nventive 'mut tOXlI hS are
sfoﬂnsz'l éevhcdum@ﬁ: be:onvpdshtnmuﬁaturmcladesi andimecuhagen, and other optional
atenc e the.muteins ctor L or .expressing the .
phanhafe S acrePible Tad i S: RGLiE. RERERT Fbgdifapts. sutable
adjuviaatqr Agiubedchalelrsthd ésen i"iphmanogén't Yescribemnd Icomposmon substance

several terns.are defi.ned f.o A vaccine is
or ve ¥ b8t WHa PHReRd IMIGen afirainstiBEtes AR ipiide rSstonse. For
purpcis 6fitk preseneRedhtics| éw:mmbbahh@ cbnwrﬁdraeéd o lnclude any vector
i ncl udi n in certain enbodlnents suj tabl e adj uvant

capahle Q/pALT R o GGG M APIRUS GlARAEESD o 3 animal to

be infrRGMZEH! I20Vector REIGHES 0§., 196 irfdentiV8 . pdingeHs Griuthet suitable
into an animl, stinmulates an immne response. For

microQrgapiseEy that @mresﬁ@%mﬁ inveptive mpteinalbhanoxtywhen dhe vector is
introd USSR 2h Shhirdhal.! AG F5Y INGGHEE aRARRUE nGElelc acid molecules,

expressi ng or intro u0|ng the inventive nutein
e.g., plasmids exndrihedike. thatexpress the iprentive mutein alphgdexiprwhen directly

t
mtrodSlJS:.l“eltdgﬁF);an Giimal, éﬁ b mléﬁﬂ’{glinpeaegell BFtd | bﬂﬂﬁ&%rﬁf e%r‘é‘é&mg the

§ n1croorga Xpresses the 1 nvent
muteinualipha-taxiyy indhe@nimabhan irtmeunegarois alsoianproteinc eulchl asdhe

imverdl b o, BI04 cPed A ARG YR compositon.
ewmﬂsed hbsemnmuhlessmthewmselqpiwmanlx the térers Uimnewtize” and
. nt.r pduced i nto an agl nal ent e

cell ,of . .
vaccifyel i SynafyRels AB8ATR pseit Fierela Rtk 18 disfiibe 1% introduction
of antifenanogen intédani ammwg@éhmsmhmm@reﬁpanse iAgké adtmal. The
elicit%ﬁ%%?eé‘é&pgégggwéggIpnﬁcgteg%gé ngtgf b eIf rd gfc’umal that limits
or red\ﬁfe@ éhm@élttlsﬁ&s%sggag heigi s Gasgrenes dndldiembRAG, in vaccinated

nmuni ze" and "vaccinate" are synonynpus and_are used

a""“?'ﬁ’t‘@?kﬁ%'&é%’b‘F'}ﬁ"@é‘gﬁgé’&'Fh Be/iuRNtidaseoRf R G- APrENdgAS species for

which fR8!irReAtivé VheciAB |§'i9h9f@bt&@ elicit an imune response
in the animal. The elicited inmune response provides

pridiectermy @diynanti itswetfts'esiraﬁ PR & dporensyhataners that gause stimulation
of th@fmr?x%ﬁé‘r}?r%t e ' rIh GRis Gnté&asS SnHdiiantSs gsed Q@%nﬂ%ﬂ% &Cimmune

, 1IN vaCC|nate ani nal hat are | ater
respaiisgl toconear qufﬁ vacoinaﬁr&rgertﬁbgela@s aAO acpuvamﬁ Rg¥ be administered

to the REGEESnihSI bR it BEmbYARH WRh VL 5HtEEtheSadthfi&rdtiorfof the
vaccine. Adjuvants of the present invention may be obtained from any of a number of
sources including from natural sources, recombinant sources, and/or be chemically
synthesized, etc. Examples of chemical compounds used as adjuvants include, but are
not limited to aluminum compounds; metabolizable and non-metabolizable oils; block
polymers; ISCOM's (immune stimulating complexes); vitamins and minerals (including
but not limited to: vitamin E, vitamin A, selenium, and vitamin B12); Quil A (saponins);
crosslinked acrylic acid-based polymers (e.g., prop-2-enoic acid polymers) crosslinked
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The term "adjuvant” is defined as one or nore

subst ances that cause stinulation of the immune
waeyawamssi n this context, an adjuvant is used POI/US2007/009135

enhance an i mmune response to one or nore vacci ne

antigens/isol ates. An adjuvant may be admi nistered to

the target aninmal before, in conbination with, or

after the adm nistration of the vaccine. Adjuvants of

to diﬂ%%@%@%ﬁ%ﬂ Q@él?&nﬂ?ﬁng&pepta% oad J o%'i“tﬁ@?(raﬁfen?ark

sour I ncl roém natura sour ce
CARB@PQ®namd/os opiforsly dispérsedopiccor sizeabil grm}eﬁsheyvatedemulsion,

0.0.. 4 SR8 Ao THER ERaRERE" S mom compounde:

madditidriat ekbmplesiohadiuvahts) thatzsdrhetimiel hiaviel tsedn referred to

specifieale, Ehapesiravisn. traludtPacenal Snd fugal el wallcomponents

(e.g., wpbamyaascawdé@rrpapfbteﬁ@ ghjceproteis, mﬁ@mwp&aﬂdes Béth-1,3/1,6-
A (saponins); crosslinked acr%l I C aC| d- based ner s

glucapg), a"OHF(ﬁS’rﬁp'GHG’PEbWQI 188 frepRl §m$n(€eﬂt ycans,
acemghﬁﬁﬁf Qfétnohg\tﬁbfelﬁ‘é Ehd%ég |d§?ﬂ/)éh f&ﬂ'{'\Yéﬂlﬁﬁis (é‘§ #Hrshones,

under "t he tradenark and/ or unif
Cyf°kiﬂ|e§p§9§é'ﬂ“-ﬂﬁm faciprsd, and W@bﬂ@?'@'q @P'qﬁﬂ@ﬂvéﬁﬂ@ ¥ifuses and

other Soiesso, NI Srai iy FOSSOPCH RASASR 4y ooy o
combprationsaifdhe edorementinried wstgng@s mawpreviste am ladiuvant effect, and
theref(ﬂgl éﬁ’r‘?ro L%rdétﬁ}arﬂ%q éﬁecg B@éler&%‘w MRy, conponents

opol'ysaccaril popro el ns,
grl'yledpn'ot"enhbodyﬁnsaqub bpreidds jntbpded to eBcampass polyclonal

antiodlid A0BhoclHel SHTRGAEE! SH0RRTRANANELFSoHShbIEll fThtves
thereafi) mthhgcbngmimneddﬂnﬂmmmmlrmhmdrpogatmgfmtmm&ywariable domains.

cyt oki nes, co-stinmulatory factors), and novel nucleic
aAisd:sedbmeremi theoesidueursasbering ahtiepossmnrr ofthe(@aming acid residues

of theiBh e bl ki hiote8 Are A=A H NBumBlY sPERT teSEribed for

Clostm}dmm perfengens straim 1&f TaetC. penhmgmmétmm 1$alphfaetbmrﬂls reported

oy GfBaiCACeShsion N e BBabh TR Ratablis SET o lawF Fite entire

proteialis i398tamo aaaeada:@gjlarrharwpbs%ﬁﬁ erddedrby theomatdia &btors

exem%ﬁﬁ%ﬁgsp%atg?lg%égg%%}/;& { eOfoéqpr}ﬁo%ugb{}&r ﬁg)g|1g$§Jlr?g a deletion of
amindl 86/ fieSiduts 9088, MEidens ati@ahﬁﬁb deRt SigRBESéq@eritfwhich is cleaved

position of the amno acjd residues of the jnventiyve

off dU&PsHHeth%%a?ﬁ'bPEth?sP&t@nb asrefaredhe exemplifiedydgletien corresponds

to amﬂ% S&i'dh%gldcdérs 62-98tdritde lr'ﬁétﬂ?é fp’rcbt@i}? RRatSik rﬁﬁ"d"a%o 5@@3 in length
erfringens strain 13 al pha-toxi'n is reported by

(SEQGPn'EShI@)Acces& on No. NC 003366 as illustrated by SEQ

ENO 1. The entir rotein is 398 ani no acids | ong.
TRBeasoR-nuTBREHNG of Yir PN enfading BenVeRiie gipha-toxin proteins is

base@ﬁ%ﬂﬁ'thﬁg@géﬁé%ﬁf@%tﬁ‘&@ﬁ tp’ :P@Bﬂsts@raﬁrh §3PH8rEHAHEd in GenBank
havi ng a del eti on of
Accession No. NP 560952, and as illustrated by SEQ ID NO: 2. The coding sequence
for alpha-toxin runs from nucleotide 48590 through 49786 in C. perfringens strain 13.
The codon deletion in the two constructs exemplified herein corresponds to nucleotides
48857 through (and including) 48883 of the NP 560952 gene. This deletion is found
within the alpha-toxin gene and corresponds to nucleotides 268-294 in the coding
sequence of SEQ ID NO: 2.

Further, the use of singular terms for convenience in description is in no way
10



am no acid residues 90-98. There is a 28 am no acid

si gnal sequence which is cleaved off during the
woragoanzdsson of the protein. Therefore the exenptT/UEmd7/009135

del etion corresponds to anm no acid residues 62-70 of

the mature protein, that is 370 amno acids in |length

(SEQ ID NO 3). The codon nunbering of the DNA

encodi ng the |nvent|ve al pha-toxin proteins is based

mtend’&?{b b8 %olqirﬁltnﬂgn %roéiérhﬂleu %ﬂ?érfléé o8 %nﬁédﬁléh comprising a

3, as reFor e nBank AcceSS|on
C. pednagaes ice Lmlu@@sadefsyersa}q onejor nprewofc,stv@boneilg Itis also to be

undel%ﬁr ou{}ﬁa‘i i%gé%@%'ﬁh% SRt TinhittPed ¢ h@bé‘r‘ﬁﬁb%@%ﬁ}ﬁgéﬁ%ﬁgﬁ process

perfringens strain
stepsdahdﬂnaﬁenais diselosed heest asisteh enaﬁgtuna‘tloed proceiss steps, and

materiglS AN Ngp sBBATE | fuaikp SR el et i teraminglpoy
employed Berdin W GSedfdrithegurpesé wues@magmu@ﬂar efAjdiRents only and
s notiieRIdedIo e i, Siee (e PeHHyRIRPSS Bl EoRgen Wil be fimited

only tfy)ﬂh‘éeébéﬁﬁdied Qalfs %hUFédtﬁValbﬁtsl thergofrayi nt ended to be
limting. Thus, for exanple, reference to a

cmmdvsart'@dﬁr aspestiafithg Presentjavention dien-teMerting muytaats of C.
perfnﬁﬁéﬁé 8RE Brdvid W fh A TarBP5Eb &GN BHM NSRtdx,” |. é b?(};ﬁflréﬁwttﬁat express

understood that this invention is not

an lmmwcmmc; me@*t%dhﬁf btleari rmn@xmpwbgée;bysne@ﬂennsrtbem suitable for
use a%rﬁféc‘i‘il/é \/.j:l'cﬁfﬁlegs ethd! ﬁ{\l%'nﬁvé% Mﬁﬁ fén?é‘ ?herefore bestow a

ocess steps, and material s
suffi cwln;ﬂa reduced mrd@tysrelaéiveﬁatwmﬂt&vpe@rww@n@@qn%maswﬁs to render

. .
tnom 96l 4 S8C 0 or HGRHT A9 AhoER U Spniops gfctive t
elicit dalp mntli-afghaﬁoxm@rtamtl@qmym:wendﬁ anmwmemgponsenn iapranimal that is so
vaceiies, i T RS &pdMnOREaER G 3k Bndfitypg: retatve o he
wild-tppe €R plerfrimgenisi on, non-reverting nutants of C.

S5 B RNl JREBISAT By apove-notos
mmuﬁb@@ﬁrctélbha-t@f(m' rhiitdifs BatHavieastiffitibntly REV 8P Yior t@miﬂyl fhereby also

them sui t abl e for use as protective vaccines. The

making,them spitable ToE BB |in GRroteftygNagena-her ef ore best ow a
Stﬁ'l@' retBBlidr il RkitGEas rRghsirey, ergel By b\'SS deh&Afbubvwg%n-known

erfrln ens organisns, to render” them tol erabl e as

tests: aheapéytlﬁrea Mitynphgepholinase G @astivips SnREaMYeinase astivity,
phos;ﬂ’f&{?&ét’e\‘@sé Schlit ?hdaq%rﬁé?éi retdl RtV iia st animal group.

-per rnng n ne response 1 n an ani na
Generallys aovesisiuzhtaxicityrisudetectable by snchstamiargdests. njevertheless, the

prese% gad?'asmlﬁlﬁ\al i#]\;e‘? %E%B%dor &18} bt fh%sb%r{tﬂﬂle‘@ o g(g(t %Bﬁa gbout 10*to

i ngens st ant’ oht
abou1a1&6, nelatwdedhedoapm/ pfao etquaibot/eunmbee of mfactnm@umnm of the wild-

type ¢O§:§@?{1§éﬁ{ ﬁ@ﬂggt')(;;lg] égﬁ'\t wn%“qh%%me% ?\Q&ltyee &\ér?\;ecﬂ Qnay prove
acceptable in a veterinary setting.

In a one embodiment, the invention is practiced employing biotype A strains of
C. perfringens, which are of particular importance as the etiological agents of various
types of gangrene and enteric diseases. In particular, the alpha-toxin of C. perfringens
is the target for deletion-attenuation, since attenuation of this toxin is sufficient to render
C. perfringens sufficiently non-lethal, relative to wild-type strains.

Broadly, the inventive C. perfringens plc gene expresses a mutein alpha-toxin.
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maki ng them suitable for use in a protective vacci ne.
The reduction in toxicity is neasured, e.g., by one of
wo b@7fiedsfowi ng art - known tests: henol ytic actiRCT/YS2007/009135

phosphol i pase C activity, sphingonyelinase activity,

phosphodi est erase activity, and general |ethal

activity in a test aninmal group. Cenerally, no

residual toxicity is detectable by such standard

y ; Ot

The eh{fehateHAEhinl g Sielplibn Bt iRE808 1n@ LIk B b 20250, together
with flemking residirs, in@rder toeg@[ally@ed@ce thge pgs<$|b|l|t)yoban)aback mutation to
the to%?éjonﬁJf ﬁ:@hggn%sﬂ%g SER f{)g{}&gﬁ rom f\}’é;ﬂ Bﬁtﬁzﬁg? 3@5 Lﬁ%y&%ue eg.,
Hises béSrEQldalblN@dS togetiperowith tve dptedioheofi additioralgesidaesy flanking the His

reS|dLb<? 8{: rég%raﬁ E‘?f?}? ggswgrgg?ag} %@aﬁo&%ﬁrg:t%\é%g s@ﬂcnent immunogenicity to
lnducBQ)“rbfedﬂge rimm-mimy:im animais$ vaecihated with ltlﬁ@ emtanme CaSpérhﬁhgens

whlle I |CaI Sn ér 02 back tgtg ? rene al type alpha-
pAerge @ pagk-gautating tg; @ wigrtyee

toxin. p‘Fhérdddmﬁﬁﬁal'rés’Hhésttﬂéigéﬁn Belae!t&batdreme@étbanﬁahe @lterminal
since attenuation of this toxin is sufficient to

directiogmaad/orin Hg N-ierging cgmlpm whative teoHissstand can range in number
from é&l)lﬁttl ghvﬁﬂcﬁh‘t B sRiveR! ineithBF Bﬂjf\dée ajﬂ&tld?\‘ée NAitetRatively,

ens gene expresses a mt
HiSuaearp;ﬁﬁaml@ngrfewgem be simiriiyt deletechas a deI etion that

' r@hg%%&&]ﬁ)éﬂ't%fﬁfte frh%ngog n@2kh agﬁ)%etto&ﬁ{ af@btlnﬁludes, in addition to

flanking residues, 1n order to greatly reduce t
the dejetign ioff Hisep, afdeem}orbaﬁat least3® amino adikkresitiies frormeither side (in

the c%}gﬁngu%‘ivo?%?{brkﬁﬂﬁldd té@@ gégﬂ{éoﬂﬁé?fpg%ﬁ Br ge%lﬁ 908 §'E~°Q ID NO: 3.

In another emtmdnmentb.fthaddvemtmwrnut@e|aa9pjm-tcﬁxllamkaluge$ ha addmon to the

cotub§ e G171 PRt 20 T e LI 8 Biver e of i,

relatiye tot SEQ l& NOMBLnin gtill anetheraltervative esmbedlmelhth tHieh Hwentlve mutein

i,nventive, C. .perfrin bei n
alpha QX helEes, i Shaiiah 15 1 gelhon st 185 q dalelion of &t ledst 5 amino
acid r@bm%ts%rn eithee safiflof HXRG! relAvedseSEQNEE NCA'B. bi yet another
Ieted are deleted in the Cterm nal dlrectlon and

emboﬂﬁ“ﬁﬂ% the invaRtivg Myteir apvhtoxiningydes 2 dejgtign fr Oﬁ‘rﬁPOUt residue 62

throu§RBbbanEssidlle ?Bnﬁﬂéu\flé RITSEEPHD NOL S MI&@HQ%e@%Ieted amino acid
residues in ejither of those directions. Alternatively,

residygssarestepiared Py MRER MOE athes residHeBesusas arsiggle leucine residue.
dm %I?ﬂmr@?%rﬁm&dél‘?iﬁﬁﬁlrﬁéntt b5 HIMERL €V Be R Ge flepthiaatrc])xm is

I pha-toxin al so incl in addition to the ]
prodU@fed 1ang igolated drasniCy rpet;fnrmemseasfrosoaarﬁlt@ﬁn%tmedrecombmant

orgarflfﬁ | {458 et'r'i 86 bley éée%?cré] I‘&ﬁfé?’ﬁ Snd/or i B er]%%tlc kits or assays,

tern nal ect| on S position,
e.g., &Qtaem@)r entl-lalpfmwtqm entibodigs mYfat anatieer Wéyqu»rvtbe mutem C.
pertif Bl AR} GBS il IS 5400 Sl o, Jumans.
that nnagshduwd;erht@naecmahon withethefinvérsttie: attehmtedeCtperﬁEigdrB organism.

Nﬁ/gﬁ?mgg %rq,?enﬂnm%rrutlglrltp%\r}ug'é's\é% aerr‘rb[g) dclymﬁatt *specn?cally binds to

the wild-type alpha-toxin relative to the alpha-toxin muteins of the present invention.

Iin a further embodiment, an antibody is provided that preferentially binds to wild-
type C. perfringens alpha-toxin protein while exhibiting minimal or no binding to the
inventive mutein alpha-toxin, e.g., avoiding binding to an alpha-toxin mutein that has a

deletion as described in detail, supra. The antibody provided is therefore useful for
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al pha-tox\n includes, in addition to the del etion of
H S6 . a deletion of at |least 5 am no acid residues

wo c@mizdssher side of Hs6 , relative to SEQ | DPAUSRIN7/009135
In yet another enbodi nent, the inventive nmutein
al pha-toxin includes a deletion from about residue 62
t hrough about residue 70, relative to SEQ ID NO 3.
Optionally, the deleted anmino acid residues are

s BBl Sl e Pl Ao,

therebybalspmmiful foh dlsmgelsrmmg apenalsi vageitated pYithea vegcineiaf the present

o T4 Rk A SRS b ARRA, metnoss o

eliciting sl sdreeangefor sugh tiéosrctive ahtibgiades are dittkhown. aSiayarly,

antibGabs 3t oobiA they Yt BB R e OB BT R gERSent invention, but
not thd th—-t?@éb?oﬂé’irﬂb@h Afsd Be igenepgiedal THe dntilbedies F the present
ani nal humans, thati(\r’[gxg ot tolerate

mven@;gecq%pg &993(&1‘?'??‘{ ﬁpnpﬁ{%ml ol R fr2Te] rggn@ or engineered fragments

or deff4fivdd 8L BATBOLBS réféuﬁﬂglsfélé&twet BiRdiigeseRkrties.
i nvention provides_an anti body that specifical Idy bi nds
e

t J agh@iqyesfor psepafingand @memegawwl?ea&am'bo s have been
ampl?ld%g@nﬁgé #ﬂeéﬂg i @It@é éthg. %’%ﬁe és:b@iﬁﬁéhﬁiﬁal I'n"ﬁnﬁnology (4th ed.),

her e an ant| PTOVIde

Langﬁr“é@@ﬁéh?ﬂbl'wlmsnéLQSthtQﬂ IQﬂ'W@la:( i Hlaﬁgéfn%nd Lane, Antibodies:
A La@é | Méhﬂapt‘gﬁ'ﬁ?’e%y @Bn@)( i nlﬁlo%@lo%b Aﬂfle@les Principles

to the 1 nventi tein a toxin .
and Rracfide m@d leidinl A@gdemlaPrQSpmewOY@rk (r‘rﬂﬁéb rand]léohlea@nd Milstein,

Natu%%@é%@%@ Fﬁggifﬁ Ql‘?gf Wﬂuﬂ'?%?e% ?ed Eg?ei%'?éﬁngé) ﬂgrem in their

r'ovi fore use ngU| hrn
entnrei:elsqm on nmutein al pha-toxin fromthe w | d-type

AR TRYAIGR A9 SitiEt ERfauBnn o dRihe Fronse in gighed in sutable
anlmallsfewflemré mcmsel dn{n o:hiclfgmmyawgaomaldmwﬁh{a;wmﬁmifswﬂd-type C.
ec e ertrin 0 .0 .
perfigapas G rlet A oFBIatinn Wb Pusd RS SRisNBsY; Far example, in

orderabeavtid ﬂk@ ewticitySbNiheawild-ty g biphdproteih e .heﬁogagé:e is a peptide
the inventive nmutein a/ pA?a-toxin of the grese

corresRoRAINGIR thg deletsd ’?ﬁ@‘\%b ardy i pesegsary the dmmynqgenicity of the
peptu&é"@éﬁhﬁﬂcea_ B? o@?ﬁtblﬁgfi’d)ﬁ%n@{ a %U&a@%ﬁ&?maﬁtw Qb0 a

pol ycl onal ; nonocl onal nts or
SU'ta'élﬁg-”r&Hé@F BEPteina freHpPiNg fo aéaa.rwt Wé%mdqs ﬁi@mﬁma%a@@?e

accompligh&d Né.gs 3 fﬁ?dv"cﬁn& iRl 'p%%tl@é‘mﬁ{ é'téﬁnlnzﬁemé&%eﬁnﬁ‘}foupllng it to

preparing~and screeni ng nonocl onal anti bodi es have

keyhgledimpethemgeyanin Ky H) srdovine serugn jallugmine(B3M) U§leg§!t}1€r

malegﬁékg cﬁ{ﬂfl’i ﬁ'dh‘é‘{n‘f@ lo?%?ﬁB%:aﬁé’ i npl 29N ? N dgggeﬁﬂ@ g@ycleohexane-

1-carbaxgatelirikes direst Pwm_ea)bo%@adpqdlmldadlnkecalsopmey@e employed

W't“°£4}9‘§<?3'“"&%§f§?9‘g\¥% {.‘é"qgal Anti bodi es: Principles and

adém c Press, New York (1986);
arﬁbr}mbparatmmobﬂ\mr)eoelpnal aahbmchesmlae@lmphpwr&s)qan be obtained

from %hgmmléﬁn?_'?ﬁ %q‘ﬂ'bgi i_h@%%hgma%t gr% gl%pra%g Fony ﬁ'nohs%r I?IH?)hio%ytes, and one
or more potentially suitable hybridomas expressing anti-alpha protein can be obtained.
The hybridomas are screened against both mutein and wild-type alpha-protein, and a
hybridoma expressing an antibody that binds only to the wild-type alpha-toxin is
identified, cloned and employed to produce monoclonal antibodies that bind only to the
wild-type alpha protein. Optionally, cDNA from the identified hybridoma clonal line is
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For instance, and wthout |imtation, an inmmune
response is elicited in suitable animals, such as a
wOoWw3A23850 chi cken, by vaccination with a puri f PEDUS2007/009135
wi | d-type C. perfringens al pha-protein, e.g., in
conbination wth a suitable adjuvant. For exanple, in
order to avoid the toxicity of the wild-type al pha
- protein, the inmunogen is a peptide corresponding to
obtalﬁES A ?é&qnf)ﬁl%h? HﬁEbo@i@g’or'cﬁnti%ﬁzgfﬁayrﬁeﬁtgecan be produced in other
| munogeni city of the peptide Is ced
art-knawib expressionsystemssui t abl e adj uvant or by coupl ing to
i er 0
o bBlGed BbbyE o Bhflal SRUBLRBEL i BiidtEing in genera i
that tbg rpsalhngmagciriadaeqbaptmdls cart Qererats falmbos;twesmhaen tlmﬂung for

infect‘%%/ Bﬁig}rg])g%r:)ttmﬁdg? 2 h%cli %'lgk} @anr}apﬂf anl n Fbmrhéhereby, hindering
the |dé?iﬂ|ﬂbaﬂ§h oh Rﬂb@tbﬂyarﬁmaw'ﬂfﬁbﬁﬁé nthe ﬁhéseﬂt {iMention provides a test kit

| ei.m donet h c] ohexane- car box i nke
for ApRRGHIPRGTR Sy IRCE AP0 1 s PeRRARIeash byaynairally occurring C.
perfnﬁﬁ@h@b??bﬁﬂsﬁ‘ﬁ@ﬁl &8l VhELiRatet WRh1 ﬁ@ke.ﬁ@pﬁﬂ@xm ff¥the present
preparati on of nonocl onal antibodies, splenic
inventioAiphocyt es can be obtai ned from an i muni zed ani nal ,
hyhiie QGEW?eﬁrI& lﬁéﬁﬁééeﬂ qlia Rty [T 2SSelb RN AR Vﬁfﬂ»ty%@dalpha-toxm

one or nore potentially SU|tabIe hybri domas expressing
antibadly that gxthibitsy mirimal eamogindingdiorR Muteinea/phartpgioidhea msesent

mven'i%heeﬂ?éjki‘i‘gﬁh %?%o ER%&&B&%%&QBM&%M@ Sufffi <Eé|aty for conducting at

a- proteln, doma expressi ng an anti
least mnﬁowagnowq test.hin aifudheypmbaidirnent, dixé antibodylintadgeddor labeled

i 1608, 0856 P R SFYDREL AT GO e, .5,

peroxipaseyfhidrgscaerditidg f e.gm fluoresceint béads] ihglodirdpmagrietinddeads; and the

we. g R o 08 b B oy oo o
the selepties ahﬁmlwqtpﬁﬁlphé&odlrﬁﬁmtﬂfcﬁﬂ ahﬁmenoémyﬁWemknown to the

nt age of vaccinations in general is that th
art, 2P 3R SORaNE T, KRB asRaY <A ARSI PaF Stys, nzyme-linked
lmmtﬁ@%beé/rﬂSas\éBQQ (EESAPQa&@ﬁmHﬁ:ﬁﬁstVs !RIK)Qarﬁﬁth&g' es
rai sed agai nst a natural OCCUrTri ng strain, there

hifieR: Pr%d?% are matheds é‘a'f ﬁd@ﬁt'f)ﬂ'”g And distipasishiag an ammal that has

beenTr'i‘féE?éd)bﬁa AdRBrARCSSUrrihgVES !t WRB-th é’VCdﬁérfﬂ'nb&% okddnism, from an

di st1 ngui shing a subject” ani ma has™ been
ammalnﬁf@tr@ieeyv'ﬁ\ Axegeme GompBsingthe a@enyaterci Cr@erfeingens organism of
the ir%%ﬂﬁﬁhsmaft ﬁé’%ﬁ&l?ctéacfar%ﬁo@" By Kb fBﬁbﬁ{ﬁq §#%é|a toxin

e present |nvent|on e SUC t est C udeg a .
qéanheontacting a fiuid semple feom itheapimalwith anshovesstescribed selective

anti- \ﬁm-{é}b%dylphﬁa&xnﬂ%tm ttﬁé’i‘bﬁﬁﬁb.@ rmnﬂﬂ‘n?f . .@gir{ﬂirééﬁol ? mutein

a-toxin o present 1 nvention
alphaetm(lmbéthe preisedtinveintionsandabl e reagents, sufficient

t (01 SRR Brpe PP BiRod APRE M gh B SPadieicc

wherein when the antibody reacts with the fluid sample, the animal is identified as one

that has been infected by a naturally occurring C. perfringens organism.

Producing Attenuated C. Perfringens Strains

A process of converting a wild-type C. perfringens isolate into an attenuated, or
substantially nontoxic, strain suitable to be administered as a vaccine can be
conducted as follows. The alpha-toxin (p/c) gene can be replaced on the bacterial
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with a readily detectable maker noiety, e.g., any
art-known enzymatic marker, e.g., peroxidase;

wo bawoneissent tag, e.g., fluorescein; beads, ineCT/UB2997/009135
magneti ¢ beads; and the like. Optionally, the kit can
further include a tagged anti body that selectively
binds to the selective anti-w | d-type al pha-toxin
anti body. |munoassays are well known to the art, and

chromsddife withd \Yerié éﬁﬁﬂméﬁ?’ n @fAetdXin Wiutein, leaving no remaining

i nmunoassa enzynme-1| i nked i nmunosor bent ass

capghiity 4§ the éd p@ﬁﬂﬁgﬁeaﬁmsmﬁemﬂeedwmy@e a(}gga-toxm Very
oros2\ 8334 BFBRRAE e S Wgiianpudos, byt s ot mied o
the following genesat stensagiot neeessadly in theperdet prpeemtednge ns
I |
O eByha B Sl 4Pl 16 SoFPRLY Bificitan one or
t Ingorenslisvical wsnlatd%btama:bﬁmd lscteehmg @urmsaem This bteptisdypically
a flui

t RotGRRDE P P Ind SRS shre BolRiEs fion one¥Pecies of

a@himml are ﬁtﬁl@@gﬂélghhah :ﬁdt o @Pé\hb@ ‘ibfotd&ﬁb? ffdhbme]fcr%tpecnes of animal.
ma Qr . no I NAl 0O a ha-toxjn o

L B bt mlc it o Gy ARATEPTS 80l Of iRolates, ©.g., by

aMERAMbthEREHKnWIInLA.Id Adld GragifationWBensigle WRA suitable

the antibody reacts with the fluid sanple, the ani mal
i flapking: PAMEES. ANhLARPIQyiRg REYIeation M létfbé‘? pgmers to create the

n%l*e'éfréh'délé’t?&r\ihfdtﬂﬂorp ARSHdtivBﬂF%% ApSrdpriate htE’rraW' BSh B probed.
Attenuated C. Perfrinpens Strai'ns A process of

céB)ereating a swigide voplor comprising thredsietionl ple gensy i which the C.
e OF i al t ok
?@%Z@Hg%&g rﬁr@fm of ﬁ%n%%bﬁ Ha% BUEH Rtheved  4fH/Br & 'oté@m &f

€ tered 'as a vacci ne can be conducte .
f seplisationTthet aanineplicate in Goipeyfriggrssdasinplyngtipgesentoand in

{ AR BPELEC! LA ATEaRNRC Wel oS ABHENE Ol Bl Eharcrs,

n nute no remnmal ni ng
f adjadent © tipe niutategkple gnr@anSBdn aovemtodicare ther be tingested into C.

al -toxin. Ver r oad f d
R oraR i o g by sibdFomBhRE atotRr Bt G methods.
t fQﬁ) fSﬁIé@tW\gﬂth peRRihg b?g b@@émsﬁﬁtmnﬁ@le?&aé Irht]‘geimplcfg‘:ene has been
or aer ente en e n
bEUEFET Teitsgrassd inthdhe baclarl sheomphac. Thinis sane by
i %Qlt@ﬁﬁ? tlQ@@W?ﬁﬁwfdéhs%i@ﬁﬁ@h&%%@QS?ﬁx th@pﬁas%hee of the

ically optional in the case for th gpato

s |sﬁl’?§t‘"f‘§l8l aaeé'g ¢ ﬁ@t'E'BEE(Sé@EﬂGSBHPHﬁ] t@e,ﬁﬁl%ctable markers.
| iFeRlexaiisie, el ohig & fBHrﬂ‘i?éﬂs‘Br@%his‘Pﬁs tidt Vb8 'grow under

speci es of ani nal . ifying the pic g)ene rom

¢ I@é‘t'@m'ﬁeﬁﬂ*%mwgulds ¢ Hhese,ihat SiongbNomOolpgoUsyepambination
Orl'laQE'lﬂfecﬁS/tm %drlHéls‘i‘h&dé%@t&”ﬁ)xthfltscé‘ﬁﬁﬂ?&lc resistance gene(s),

t echni que, sui tabl e flanking priners,
efpdhe mycé@rpﬂlmr@mscmem Thesegrewing Gr pﬁﬁﬂ@@@ organisms

C i eforel Qlog‘?d" 'hFa@% X6 a%t tg}i& gbbgg ohb bRIMPMId G e, whereas the

an appropri rary
other wouid have the deletuon mutatlon

(5) Selecting C. perfringens organisms that have undergone a further
recombination event that removes the selectable markers, e.g., antibiotic
markers, along with the wild-type p/c gene. This is done by culturing the
organisms of (4) in the absence of the selectable agent, e.g., the antibiotic, and

selecting for non-hemolytic clones on blood agar.
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(3) Creating a suicide vector conprising the deletion
pic gene, in which the C. perfringens origin of

WO e@l7iizaso on has been renoved, and/ or an ori gi PCD1S2007/009135
replication that can replicate in C. perfringens is
sinply not present; and in either case, including
sui tabl e sel ectable nmarkers, e.g., antibiotic markers,
adjacent to the nmutated pic gene. Such a vector can

g‘?ﬁlfé)&é iseHtidiof thiedmb lﬁ‘?ﬁfcféle %%Rﬁsoé&%%rﬁl%ﬁedeoghomologous

ectroporation, or O art - known net
recorselnetjohnty\emucpiencraqldl gmiscmleg%(mqsim the mhitein alpbatexiviis

lncor;gér%ttcgc?E Qg F*@'ﬁg&ﬁ%@gﬁﬁe %%%?l% ¥ c# Héﬁ%‘@io@%tbmwg Ié?ﬁloncof a nucleic
acid mpel€aulengansd mg@mléﬂypefalpﬂaapm( I‘S)hatns tpnesgntas mneatténuated
tabl e agent, e.g., an antibiotic(s)

Clostlgglypégsgcggﬁasto t he sel ect abl e markers. For exanple,
t henmrb)défall Jrld rsmat@@&:fcm qQeerfangernsaite miriédyfrom diseased

. under- antibiotic.s ction wo be those th ugh .
animafg (AL EONTBER ALY PRI DINAGStyIad e Held diAS of interest
is mséﬂéélu‘ii% & SGitakle dd) micidorgahish Shile RS @ Ca shuttle plasmnd with
selec% ne(s), into the bacterial chronosone,. These gro

b'%é'r‘q"lkﬁffg@ag @nghinticarkess clopssesgdhel tm\?@mﬁp““y Broadly, a
suutatﬂglﬁﬁﬁﬁg v?bt%r Wﬁﬁud@@r@% thtd ot e OGS P&l@ﬁlﬁ‘& features, a

her woul'd have the deletion mutation. (5) Selecting
clomrtg siera G. m@h@g@ngmgymf tenlicatian cam i eof enginof tenligation, and an

antnanﬁE ‘?H?ib%degé}-zr?é’ gAY g@écfa%@ﬁgaﬁ'képe ﬁQLWQOE@ﬁ?rs suitable for this

ant | ot c mar ong W th
PUFPCWGI, or rgpeilypadapiahle forithis purpdse indlyde, for example.itbe recombinant

shutti® dﬂégﬁ-ﬁd*BH‘?& d(ﬁéeéérhqegﬁbjﬁ%%%% a/t Zﬁ? Péﬁ\?g»rﬁmo%iol 54: 268-270

(1988)hthé& @R yA50cand puls 76 masmuu%@escﬂemd&y Baanams @t @y o[Plasmid

25 2B AR, B REAAHE o AR ABEioRlestonf Motsusna o

al., 1894, oellasgnid! 137, BUT7<319; ahe sautttD(plasrmd$ pdIRPIG&aRd pdIRW57,

descrftg]ﬁrgggo orral é%ii L iggﬁc at dan# 1% g&%ﬁ%@ﬂ}éé‘gmm shuttle vector

descrihedibl Y éd élhargswmw/ Exviroh MIce660! 55860- 365 the contents of
non-attenuated C ostridium perfringens. In

whichjgtesncorporates hersmbydetarence ja e apbiies, Respp¥ahRidhe C.

perfrih§eA% %@ﬁﬁéﬁ‘épﬁ&bf@f‘n SofVer® IS sRAWEGRtor iRtd A &lldide vector.
genom ¢ "DNA obtained fromfield isolates of interest

i §or gxample. one shuttieplaamid isgpdR4i6: desedked Smaan: ¢lal., 1992,
Plasﬁr‘fra r 7”2079299 m@oﬁ%}%féoebﬂ'%% fed'hfeis el ect abl e

ers . lotlT ers to assess their
t i%crlete@rmlﬁmg ?90 Baosfgrmants per migrogramafpiasmistDBIA, and that

R R A
potential candidates fandeletiool |Gem>rg1|anNA frem theacandidatenstrains is then
used as a template for long range PCR of the plc (alpha-toxin) gene and flanking
sequences of the candidate strains. For example, as exemplified hereinbelow, the C.
perfringens strain 13 chromosome was used to identify primers for amplifying the
gene encoding the alpha-toxin. These primers were then used to clone the alpha-
toxin gene from another strain, that was the CP6 poultry isolate.

After subcloning of the PCR products, the alpha-toxin gene and flanking regions
are sequenced and restriction mapped. New oligonucleotide primers are synthesized

with flanking restriction sites and the products of two Separate amplifications are cloned
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anti biotic resistance gene andor sel ectabl e marker.
Art-known vectors suitable for this purpose, or

wo e@ditk3gs@adapt abl e for this purpose include, fBET/US2007/009135
exanpl e, the reconbi nant shuttle plasm d pHR106
descri bed by Roberts et al., [Appl Env Mrcobiol 54:
268-270 (1988)]; the pJIR 750 and pJIR 751 plasm ds
descri bed by Bannam et al., [Plasm d 29:233-235

into a\(/sé@?aﬁé 8%"%[% @ggﬁﬁ{i g&l é?)f‘fnﬂggx\i gglgmaéffe E%ﬁ@ri h88 been removed),

e.g., 8Emplifisd bareiselow as plasemi dsl 92I2RI46Create thel M&ﬂ vaccine strain
ith tS (Sgicelli i,bed by Lyras, et al., 1988, Plasm d 39, 160-164;
with 113 §elello™ Ak201 shut t I e vect or described by Kimet al.
1?89 prépidedisuicide veldta( s pecificoto thedsdiabe(s) bee D'wairten!tlato the

ich are, incorporated.herein by referen
correShondng HoEnSREI0 At G P EREGer S, BY AN SeRESH! fi fhah method. For
exampRRIthigas la@ﬁoﬁﬁbﬁﬂﬁédi dytdiecttptriation Ve theéwicilesrdotbie inserted
one shuttle Sl asmd.is . pJI R418

into Q:I&%\%"S@ KV"QPE!E € Gt Pgrnngens origim glrapfication.jhiz.uaple to

repllcbfé?i‘hrtﬂ%r@&@ﬂagm %ﬁﬁ%(%gf‘ﬁolhﬁireiv@ un1e8 ﬁtsﬁ‘:ﬁ:céé@hﬂy 'ﬂ'@tegrates into
transformantsbger m crogram of plasmd

an
the baﬁaﬂamwoguw ) @cwﬁaﬁmnmamsanecthmprg@@ns that will grow
in theg%pﬁgégg?ggm%ght dﬂfz’gtg :béhﬂé%%egﬁgirr%ﬁcto%kﬁ "%?@ﬁﬁt@”ced antibiotic marker
genecandi date strains is then used as a tenplate for |ong

r Iné}qsl 'Q{H&!

sg‘qgganrgggoob %{%Ctgg%d&% (%rEBz;H% %oﬁ‘ exarr%l e, u?ﬂ
choragy@mnicdli srdl/beenithrioehyoin marke® arseempiloypehin thensictorsExemplified
here"gtﬂé'gnosone was used to identify priners for anplifying

€ gene encodi ng the al pha-toxin. These prinmers were
t Taese srecbmblnarrb mehtser&sluﬁﬂfatmmdmgegg df tioermadidetyperplc gene to the

delerhish Bk s ERNAC AT st Pecnlitinf ofvbh s famed an

integrand frhenhleggamtecg:mams&a eopy of thecintroginded esjmmlogymctor thatis

. ol i gonucl eot i priners e _synthesi z .

inteargFehaf the ke AFIEdoEi ol Fi (6P TESUERG ifiearatjngLEsS o copies of the

plc gérw the RrigRi n@ﬁﬂﬁbl éb.@@tarmwmeamroabeec didét@da/e‘islibhaﬂfhé introduced
icide plasmd erfrln ens origin of replicatj

a"t'b'ﬁ%l‘é ’%%%W"P@rﬁﬁf@@)afeé gatede‘?émﬂ%"fthé SFRRIEHf 5 2 ge"e Rare

randdth 6B HbhEYdn & ehtd Bahk 'RBLUEbENEIR R Rib ¥asiesUT thé b Hene. This

with the deletion. The provi ded suicide vector( )
recorabjpalien event 63k Pradica ene pf hva ouieanesd In RO eages, the DNA

mterv%ﬁfr{geﬁmmlg\eathT(%plé& b@'ﬂ'ﬂe ch &n@ﬁh&lﬁhﬂﬂff?}% rdd¥stdfide genes) has
standard art-known nethod. For exanple, thHis is
been semenpdi dndae Bgstat&qm@pmeawmal amild-type Bigigangels restored,
resuItYrg Ofecbiel bedlidi ﬁél%&eﬂ?sfrélnrwmt(%tfﬂ% nHFl?erg In the
p ringens origin-of replication una
second:puicomes the wildetypgtriplgene, is seplaged dyribe dﬁletﬁcw,opy, producing the

deswé’(ﬂ%@ﬁ%—fo&uf‘ygl‘é?ac‘rﬁfdg ruclf‘tn\@%cﬁ}t(?ﬁe 'a'?!ttlﬂlc;t%emgﬁ{etrgr I al

uccess egrants are t
oRgand¥ng tihé antibiotic fgorovhe culture medium allows those bacteria that have

undergone recombination to survive and replicate. The deletion recombinant clones
are then identified by growth on blood agar, without the hemolysis normally exhibited by
C. perfringens that expresses the wild-type alpha-toxin.

Animals to be Vaccinated

Animals for which an attenuated C. perfringens vaccine can be produced, and
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from B LS L Rl dbris o i g eIt gl broadly,
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enefi3Ram 4 @erngsI VaconE A poom, SR Ssgtub b fePhihgens wild-type
isolates m@ebe Obtained. Apilest isfsonfetindes possidle tHitany such vaccine

reconbi nati on 8vent can produce one of. t Qut c f°’
comprige Foeampaagst (s expenivine) Gt ias eriginaly irRlateR from the same
genu$ apsgécuefs Sfizmitial tHaf rtetd bé @Jeuduhaﬂed hﬁusng&icﬁtaamurement

gen as een renpved fi rst out cong,

’P%’F"'B'Pt"%i ligt. Qfﬁ&@hp?'?f"'&é?\ !é‘cl ‘?‘? thass; fitheavign tl?C?Yg“‘F rpvine, etc.,

fam|||é§0;9§/%}1 & agliticoahigndl3! e partRaE My e QqueTc’féHJfo aquaculture and/or
antibiotic markers. In the second out cone,

harvegted;froppthepwild gaddkent alivg I'%B@U’"BQ“!"H%S @élaett'@é Rrig5fo marketing.
Thes@'irﬂ%@é fiSh tsﬁ%hda%.sﬂréﬁldora&ém\%ht gkl 'btﬁs} §|5€&Es ?QB@H dtHarvested for

hout the antibiotic markers. Renovi ng t
econ@mtq benrefitc Nonoyeriehrate aquatic a@majmmlud%ow@@e crabs, mollusks,

e.g., %@.ﬁ&,ﬁéﬂgﬁpbga&lapﬁ S}Vée@gr&ﬁgaegeggﬂﬁﬁ?ta'nﬁnthh%kﬁu rAViNA shall be

cate tion recto cl ones ar
undenshend talinclude, ddr byaryplmtomammsl twuemgageeam dookt etlch éBovine shall

oo urSL343 BAL0E] o} Rl A, A1 4 29BNt ve

underétand ttﬂirmwdf&]ifoaésampre \Mmbhea:n attenuated C.

perfringens ci ne ca ro ced f.r m i ch
BBt BhResss TR gBRe Ve o dhe deim sty St be GRdBrstood to
includeswitBbedimitatondhe T/oasH g;odiﬂ’)? onfism ise. tﬁ]ec\i\é’tsc iBdth the

Salm e{‘cfg';wlg@g%g{]drs%: E/&Ecﬁh E#@S tﬁg pgonl Y rtﬁ;)})r argﬁa"le I’ercrformes order

(whlcﬁ FdlLges aié Eei\ﬂﬁal?@hfe‘laéffal‘iﬂ?ﬁéfé SorBHey wﬂﬁfnl thel Téreakti grouping.
nportance. The follow n Ist of animals are those

t ﬁé?m'%s ebRetaptiahfish r%rap@@.tremc{uq&r tha aatodaeifagdisthe

Sena)’lﬁﬁ“e' i‘&‘ﬁmﬁﬁ e rS;fdr%bWBhﬁllQ th%ebiéhllgae FfSFrf IS/' ﬂﬁeﬁéntrarchldae family,
i sol ates may obt ai ned. Wi

e
the ths%ﬂnen%gu pb@%arapesfvmadﬁq/r%em)vae@ .tm Bét&rﬁyﬁge"lacostomus

(PlecSSIBRARE %5)(|IVI ng or non-living) that was originally
I sol ated fromthe sane genus or species of animal that

is to be vaccinated, this is not a requirenent.
Salmonidae Family

TAXON NAME COMMON NAME
Coregonus clupeaformis Lake whitefish
Coregonus hoyi Bloater
Oncorhynchus keta Chum salmon
Oncorhynchus qorbuscha Pink salmon
Oncorhynchus kisutch Coho salmon
(silver salmon)
Oncorhynchus masou cherry salmon (masou salmon)
Oncorhynchus nerka Sockeye salmon
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A non-limting Iist of such animals include those of

the avian, bovine, ovine, etc., famlies, as well as
wa@owatizzssani mal s, e.g., that may be subjected POI/US2007/009135

aquacul ture and/or harvested fromthe wild and kept

alive in holding tanks for a tinme prior to marketing.

These include fish such as trout or sal non, and ot her

speci es raised or harvested for econorri c benefit.
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Salveliis eHEAR@eNiSi 1 y) and th aPéP@ﬁP o e AP Sharr)
Salrelinus malmides the Centrar chiRRIY Yargeny{Miyage charr)
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J the Tel eost | ?“&Hﬁlﬁg Exanpl es of
Tyreaftusathymallysy eci pi ent s i ncl@f@lifg8e Sal moni dae
famly, t he Serranldaefamly, t he Sparldaefamly,

FW@BNLNAME} unt (Par apl sti ;%HMMN Nun) and the

Cal g pStons U"l EL k”s“e BH& Sat o dae
CHIF prisha iliabe CI upeaform s

LI ELL ot eaonus how cor hynchus
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JIoNQ i ook sal non) qﬁ‘ﬁ cyI i ndraceum
pehs sh Oncor hvnchus Cutt hroat trout
‘ #i ss Rai nbow & b§§§m) salar Atlantic

\( —~

Some Members of the Sparidae family

TAXON NAME COMMON NAME
Archosarqus probatocephalus Sheepshead
Archosargus rhomboidalis Sea bream
Calamus penna Sheepshead porgy
Lagodon rhomboides Pinfish
Pagrus Major Red Sea bream
Sparus aurata Gilthead Sea bream
Stenotomus chrysops Scup

Some Members of the Cichlidae family

TAXON NAME COMMON NAME
Aequidens latifrons Blue acara
Cichlisoma nigrofasciatum Congo cichlid
Crenichichla sp. Pike cichlid
Pterophyllum scalare Angel fish
Tilapia mossambica Mozambique mouth breeder
Oreochromis spp Tilapia
Sarotherodon aurea Golden Tilapia
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Salnmb trutta Brown trout Salno trutta X S.

Ti ger
w@ad07abissus confl uent us Bul |

fontinalis

hybri d-trout Sal velinus al pinus Arctic charr

trout Sal vel i nus PCT/US2007/009135

fontinalis Brook trout Salvelinus | euconmaenis Japanese

charr (white spotted charr)

Sal vel i nus mal ma Dol |y

varden (M yabe charr) Sal veli nus namavcush Lake trout
Thymal | us thymal lus Grayling Some Menbers of the

Serr ani dag

FASMe AN BV AR £

ifentropristis

ocyurus Bank sea pass

LT Opr TSt

S pnriadel phi cus

ROAKGNNAMES Centropristis striata BCQMMON NAME

um bi y'.gt at um Dwar f
Toer ch
opfers

.u‘!
glogosu

Lgpomis auritus a G | t head Sea b
n ers of the C cHbfeamesynfish y TAXON NAME

1 [
Lenaans ayapelius X L. gibbosus
Lepomis gibbosus

Lepomis qulosus

Lepomis humilis

Lepomis macrochirus

Lepomis megqalotis

Micropterus coosae

Micropterus dolomieui
Micropterus punctulatus
Micropterus salmoides

Epi nephel
C Epi nephel
S& Tattler Serr

§£‘ Di pl ectnjm

ngﬁ Vol i nbat us

Bi dinFthosanus
lugsRetessUBlhead por gy

%l;ﬁ%' BfislRed Sea bream
r reesheuofigls chrysops

Green x pumpkinseed
Pumpkinseed
Warmouth
Orange-spotted sunfish
Bluegqill

Longear sunfish

Shoal bass
Smalimouth bass
Spotted bass
Largemouth bass

Pomoxis annularis
Pomoxis nigromaculatus

White crappie
Black crappie

In a further embodiment, the animal is a companion animal or a human. For
purposes of the present invention, the term “companion” animal shall be understood to
include all animals — horses (equine), cats (feline), dogs (canine), and rodents,
including mice, rats, guinea pigs, rabbit species, and avians, such as pigeons, parrots,
and the like.

Birds receiving such vaccination can be associated with either commercial or
noncommercial aviculture. These include e.g., Anatidae, such as swans, geese, and
ducks, Columbidae, e.g., doves and pigeons, such as domestic pigeons, Phasianidae,
e.g., partridge, grouse and turkeys, Thesienidae, e.g, domestic chickens, Psittacines,
e.g., parakeets, macaws, and parrots, e.g., raised for the pet or collector market.

Chickens are exemplified hereinbelow.

Sources of Wild-Type Isolates

Generally, the attenuated C. perfringens organisms of the invention can be
produced starting with a wild-type C. perfringens that has originally been isolated from
any infected animal of interest, as discussed supra, and/or from the environment. The
environment includes any material that contains viable C. perfringens organisms and/or
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Aegui dens | atifrons Blue acara Ci chlisoma

ni gr of asci atum Congo cichlid Crenichichla sp. Pike
w@er@ih2set er ophyl | um seal are Angel fish Til apP@r/us2007/009135

nossanbi ca Mozanbi que nout h breeder Oreochromis spp

Ti | api a Sar ot herodon aurea Gol den Ti | api aSonme Menbers
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Anbl oplites rupestris Rock bass Centrarchus

v S SRS oI 8 o 0 worr

animat| besidingy madedaly fedesméad thedike. sunfi sh Enneacant hus

SR8, TGO S 62 2599) RGBS oot

from diffpoentsstaims of D.meﬁlagans timdti e alammdeerahm $serpuende. and
i bbqsus_G,een Ki ns ed L

biochBiyficd HiSeetiess JinPEvEn 1USHE Shaf haRPR RSB Sicain thet was isolated
from &x an@ger squocedd swanf)ithbt lhaﬂwarii afpnaaommmmu% @clgrde degree of

soquagiaareraliRH AN RTeE BN APSGTICIHSOTTAIEH (9488 Siher strains. For

this rédsom itis befieved ‘fﬁét' rAbytisoitéd &Ml MWassn %ﬁmpé@wan attenuated form,
sal noi des Largenout h bass Ponoxis annularjs Wit

elicit rolegtive iPHRYRITY againsh the alphadieoxin ﬁfcwa@yéﬁbﬁ'é"?wr%"y occurring
stralnEleth‘ %erﬁfﬁ?j@is”fﬁqéveﬁﬁ@eé‘@'&%n tife Bo§§iEﬁW‘bPBI{JI%'th6§in variation

human.™ For pur poses of” t he Pr esent 1'nhven
betwaas ﬁplaﬁ@ﬁpamﬂbﬂfteramemva@mmoufe aisalste epdcatianuate C. perfringens

organisms from the animal species for which an anti-C. perfringens vaccine is desired.

The isolate exemplified hereinbelow was isolated from chicken, and tested in that

species.

Vaccines

The attenuated C. perfringens organisms of the invention are generally
formulated into pharmaceutically acceptable vaccine compositions. The vaccine
compositions are formulated according to the route of administration and are
compatible with the active antigenic agent. The active antigenic agent is, for example,
one or more strains of attenuated C. perfringens type A organisms according to the
invention. Optionally, the vaccine composition can also include one or more types of
non-toxic alpha-protein, in combination with the attenuated C. perfringens type A
organisms.

For example, substantially all of the attenuated C. perfringens type A organisms
included in the vaccine composition are alive and viable, although for certain specific
situations, e.g., for immunizing certain humans or immune-compromised animals, the
vaccine will exclusively comprise killed attenuated C. perfringens type A organisms.

The vaccine composition includes physiologically compatible buffers and/or
salts, in optional combination with adjuvants and/or optional immune enhancers or
stimulants (co-administered or administered in series, e.g., before or after vaccination).

Suitable immune stimulants include, but are not limited to, cytokines,
growth factors, chemokines, supernatants from cell cultures of lymphocytes,

monocytes, cells from lymphoid organs, cell preparations or cell extracts (e.g.
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include all animals - horses (equine), cats (feline),

dogs (canine), and rodents, including mce, rats,
w@eiona38pd gs, rabbit species, and avi ans, suchP@BUS2007/009135

pi geons, parrots, and the like. Birds receiving such

vacci nation can be associated wth either comerci al

or noncommerci al aviculture. These include e.g.,

Anat i dae, such as swans, geese, and ducks, Col unmbi dae,
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egree of sequence varrlation and
suitable thmﬂieas; er spspemdlogtqgmﬁmteatetmmmoothleeart are seadily employed.

in aaqfibn. #ieedrFBSRTop can te Moy Bl ¥y REPrES I finking water or

spraypd(:drﬁolfou@ peftetsnidugteabar sptayetorid gban bowthergdrairsnand the like.
occyr.ring strain

Nig‘ tural o{ C. rfrin ens. q
Baartraa@stifalEsitin g hidtich) 1 § 61 PafBhuces fiRcaon. an
thereforé ioral admiiaétration isscortbatplatet 4y bhe Aidthod lef inoculation. The

presefigatBREasTBIfNeHI L Ar PYapE MBS sl i nerRREnS croanisms of

the inRBAiibH RDBHSteyRNEIetd Sicitadtaktbd grtetthR! idtriune reactions in the
exenplified hereinbel ow was isolated from chi cken,

and
mucopaLlEar phine gestepBiasival (Fagk AAds T 2lsa BEkRRmegtiEvely to prevent
subsdRfdriticBRSHISafRDBPVAREYBE ESergsid.on are general |y
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oral MEHBUIbP it Qid ' SBhfe SnctdhB! fdfdil ot VAkBination. The in ovo

route is exemplified hereinbelow, and produced active immunization and protection

from challenge in the hatched chickens.

Foreign Gene Expression by C. Perfringens

Using the techniques developed in the preceding examples, any gene not
naturally occurring, i.e., foreign to C. Perfringens optionally can be inserted into the
chromosomal DNA of C. perfringens. For expression of foreign proteins, gene fusions
can be made which preserve the sequences flanking the alpha-toxin gene, the alpha-

toxin promoter and its signal sequence. In one embodiment, most of the coding
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conpatible with the active antigenic agent. The active
antigenic agent is, for exanple, one or nore strains
wotocatizssuat ed C. perfringens type A organi SmsPCT/US2007/009135
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Numerous references are cited herein, the content of each of which is
incorporated by reference herein in its entirety. The following specific examples are
included for purposes of illustration, and are not intended to limit the scope of the
invention, unless otherwise indicated.

EXAMPLE 1
C. PERFRINGENS ALPHA-TOXIN DELETANT HOMOLOGY VECTOR
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te I's exenpll ereln uce
important elerentsirthereplicatioectegion froonthehkl cdn glasnmdtmécw the C

por A EAGEAE SRR E1P) e TGP RE Y Sianco sones oot

of whizhesredalsg expaessezhin Aopliand adl. pmfnngehls;alnh&-mmxm yene (pl/c)

nactl S § PR S B S PRE S  5 RS s createa

severﬁpgte@gpég:f@n@nsof foreign proteins, gene fusi ons can
e whi ch preserve the seguences f |l anki ng

a?gsﬁtathecﬂlﬁa QRIFWaB RENaGaLR fecet oA ISolRtg %1iQ perfringens (strain
CP6) Srlgé%bqﬁéﬁéé%‘f@ ﬁéﬂfrf?@%n@'&%ﬁh ABNGerBank NE Gdaassh SEQ ID NO: 2)

codi ngsequence o gene is replaced with

was usgddrdiesian ehgqﬂ@deem RAMErade |b@otﬂ$%@ i5e gleringjcf the plc gene.
Thesd %H@ Aleymsdd R phinidis Wé}%edﬁtﬁﬂ\e@eé&nﬁ{e‘?a%& f(SP;n “Sﬁgﬁﬂﬁ Genosys,

and therefore no functional alpha-toxin is produced

Woodlands, X Jheyupstraan erigefogates withindbeiypiepeae (CPE0035), 5
AGCT?U@%&@WW@%&%@F@ a9 b@?éﬁl[ﬁﬂl@df Q:otrﬂe%ponds to

Xin nuteln atoxin - fore
nucleph@e@ﬁﬁsf b4 0o tostedin, 13dS@@dDdN@ot2|)d d n@rdommstréam primer located

wnhm’\&‘i\% dBW ﬁle%@‘ltggg@g?g% @’@A&Wé?cﬁ@r[A@AtdbfﬂﬁcmTAGGC

erm nal uence and appropri
3 (SE@SDrNOt 1160, |si®amlemwtmommﬂbmtid£scﬁmﬁ%50629eﬂ stmiro13. These
Ssui cl de ,vecta t he for.ei gn ne .
primel §E7Y drer o R oo ONA ot B pr7grgar SR EF8 in a long
rangesmyﬁmase Ehairf @agtign (POREIA plr@d@atwfezmbamlﬁaars from the
cont

r e al 0 rormte and targete
upstrEBr Al gRNBSREaHETIRG dMET AR A L oSR wisdsregicted from the

knowh %b@ﬂu&ﬁc@ rdftswaih ¢9'{a§?ﬂld§%@§d 59 FIG. t12e TheRgppaitaxih promoter
medi a by Western bl of usi 3%éan anti - FLAG ant i body

Any.
signalspquance aed el aenR AEPRAP3E) CPHIG teqHanAeAe RoNtined Within this

fragrd@ﬁ’( fird é W&eﬁ&ﬁ@ %slr@aﬁh %/ IcTGEHEARd Tﬁ@ﬁ@vﬁn@ﬁjeblﬁ?coﬁ ‘W gene. The
encodi ng i gens from pat hogens of_th

PCR 3855 rbélsﬁt%f fragment a\@ts thiencql%ech gﬂoe,c'cg"ng ARECIYRGR- “Blunt
(InwtrB%@hQ‘J&spo%tlmCé dB6ad A &%uﬁmgfiﬂ' plasiid 19681521 Th%l nucleotide

ecl es acter specCl es awsoni a specl es,
sequenge of ﬂk@plamdg'tgwretglm of the12955 besepait Eagmenh ofstrain CP 6, was

deterfifEd rBnTHRS F2gmem (8B b N\REC255and corresponding polypeptide is SEQ
ID NO: 23) and was shown to be substantially homologous as that of the pic gene of C.
perfringens strain 13 (SEQ ID NO: 2).

Next the E. coli replication region and the C. perfringens resistance genes were
cloned from shuttle plasmid pJIR418 (Sloan, et al, 1992, Plasmid 27, 207-219;
Genebank M77169). Plasmid pJIR418 was digested with restriction enzymes Bam Hi
and Spe | and the ends filled in with Klenow polymerase. Ligation of the large fragment
produced plasmid 1162-45.1 and restored the Bam HI restriction site. This plasmid
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Crypt ospori di um species and the |ike; and antigenic
proteins of viruses such as rotaviruses,

w@oren2esse uses, and the like, in order to i MmuPCRES100E009135
animal treated with such a reconbi nant C. perfringens.
O her proteins that may be expressed by such
reconbi nant C. perfringens include therapeutic
proteins or peptides. Optionally, these include

retaifie £€8o/ Fé?émﬁﬁ@n ?é]éilgge Pﬁnl‘il& bR oS 'itrdBé%t ﬁ(?t[ &dHthin a C.

tract, 1 nc ac or, or any
perfringenk ooigin of/ taﬂhcahone The plasoidis thlgrqure aa pa blecofl avtenomous

S n ct expresses the
repl'(:%g?k}é%ﬁ%-hlgspré{'glg(g Bi’gﬁﬁq%ﬁ#r ation of live bacteria
cdnthe nen’gstbbethge(h-&erfmmabhalﬂfolf ItheablajgertEWiasesqb -cibned into the

interhBFEE Bl P 248 Bigabtion S Pasmit] 164520  with Bgm HI and Eco

RI reldaeed s ¢742 b@%eiﬂa@lhﬁagmenﬂ cohtaningithe C-(Brhﬁhal portlon of the alpha-

t her apeut j c agent al.sqQ be express usi n
toxin GRBpATMINE SIS BanbFualedogredsit s o gone gownstream
throu%ﬁrthé HoboW tcpian\mid:m bﬁe IOEERER I meeﬁwmublé Qj&hﬁg Gfte of the
erein in i entirety. e foll ow ng specif

parenhplagmids Td}ﬁeﬂﬁ% baaem%ﬂraamepém fé@mieqi p&&«%@ thgBam Hi and Eco
RI sﬁ@g%@ét%d%{hlh Wﬁ@ RlRd ITeoclbhintSIf(ﬁ‘@f S8R 94 69.11% 1 In the resulting

i nvention, unless ot erw se’in ed. EXAMP

plasmgmmmtmm-&ermlmmwcrggmguwtwmranscnptlonal
orien%fgi’llé’@ %t?ig%ﬁj%\é erf é&é@oﬁﬁw%gﬁnaﬁf%l lasfhid.he

constru I ngens I n del'etants
wds tive éaabstemthe Nﬂt@rsmmell half of thee plcegersewas aloned into the unique

Bam 'cl:-g{%ﬁir t grhﬁﬁﬁ?ﬁ% ’53t'{'jle'l'%§ Q\bées(r: Ir:(::.cﬁg ﬁﬁ%(ﬁﬁ% cF@é}}ﬂéﬂS F%R fragment
denv(edzﬁltdh) tlzrl]m dlntraftdxlmg?ne rsubecloBEY im plﬁs;ﬂhnglhﬁ;ﬁ@ﬁﬂés Theupstream
prim). o bR AE A TRCE AN TCE RNl X586 R Np: 16) was
identicpkto meCpmmIdIy)nom‘d Ppleprime(SEQ .IDRNGS /) eéxtdpthabailanking Bam
HI it (owgriasauag Bugefr JHECoUBSReBAIHeT BgRle wiinthe alpha-

toxin @@hter sngga@céAtannrfeaﬂrAﬁmem@r@@AquKGTAGAACC 3'(SEQID
er ringens strain 13 (Genbank NC 003366;

SEQ
: b7) was commiemgntaryitg husieqidas48tR4-488pf PﬁéF@"t 63 @é‘d included a
ﬂank?f'r'@qgat'nrHF REHIIN &itk 8hd tJ‘?péBé? rﬂﬁ:‘lfotldyl%ﬁ'ﬁaﬁﬂgmqhb reading frame

subsequent priners were obtained commercially form

(lowesgang). Eapddgre Hiipagmentisesultiog fraen B withithpse meimers and plasmid

1162'% g&pﬁ%\gﬁ@&%&g@@ﬁ&@%@%@?@% l)te of plasmid 1162-53.7.

A plasanid esptaidiagitbe fwol ;d@tged@s‘egmmmtw@@mm transefiptiaral orientation

I
was '%%%%‘EW%J SA%QT&EE%%%@?%&S% ik {HE1c Jurl Gfth thé Belired nine
aminca&dhdgletion eonhesaititon of anen@ssidue between the ala 61 and asp 71 of
the wild-type toxin (see FIG. 2). DNA sequencing of the plasmid confirmed the reading
frame and the net deletion of 24 codons (encoding eight amino acid residues).

EXAMPLE 2
CONSTRUCTION OF CLOSTRIDIUM PERFRINGENS RECOMBINANT CPERF001

The deleted version of the plc gene constructed in Example 1 was introduced
into C. perfringens using the following strategy. The homology vector 1162-55.20 is
termed a C. perfringens “suicide plasmid” because its C. perfringens origin of

replication has been removed.
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3" (SEQID NG 15), is conplenentary to nucl eoti des

50597-50629 of strain 13. These priners were used
w@bk@ng23sse h genomic DNA from C. perfringens stPEi/NSIOPG009135

in a long range pol ynerase chain reaction (PCR). A

product of 2955 base pairs fromthe upstream yplc gene

t hrough t he downstream cob gene was predicted fromthe

known sequence of strain 13 (as illustrated by FIG 1)

Whﬁn%i%gga&% WaRPARSmed irtBat. SEMTIERS @@uﬁé&e to replicate

ene codi ng sequence are contal ned within

and Qﬁssn(?tr%gm qweyerb@m@trﬂnsf%mgs%ba@tgﬁawe@I@@%um
cnorthE8ndUBF AAGRP e G el A2 sl RN Gan pp froea to

recortibimei inte thenbaxtepial genome \(mhosmmldgy @A)he ptcugemmgThmresultmg

rcorlbBRR b 3 g AGeRMTREE 1 ARRHEAG i By of e

introdueed, hovaslatst '&Edtbﬂﬁdat fwwmtégrstéd agthenp/c(deir@ Ibbusrhus, the

resulfig Hlaga SR Do VE BBl 1o /RS 83 GuSiel Adignal copy. and

the ir&fgdmz drtilé]emh r@fé)rCTHl%thrbleGé@%ﬁbfamc@ ge?\e(sSEé}d d Bcgted between
j : xt the i cati on and t :
the tia cpplesyRHEeAIE Sean e AREDIRES selRGSRBIVAT BRTONRH froh the
integRirASAAcOMihB4dS ocehiral bebivedh thé W88 .coplies 8t ﬁhezﬂlc gene. This
207-219; Genebank Mr7169). Plasm d pJIR418 wa
recorgbinatiopEvant FapdYPHlce PAR QftwprRutceRIasHIN aaw %%ea the PNA
mterJe'?ﬁ‘n§ B@?wééﬁ ies tiv cBbfe@ SHtREPIE B@hér(ﬁfcﬂﬁﬁng khe ?éélé’l‘éneé genes) has
ar ge ment produced plaSmd
beenrrgmqye@id Ipﬁ@e%gﬁ’q oytcome, .th@np(magp(cgenmwgs restored resulting in
I |
recoJ?a' ke p? f@l%g p'éF@nt% tfaagﬁ nlgtthgc%l' r‘iz'lt alﬂﬁ cgﬁ&é pertr Pﬁgéﬁlsplc gene is
replaoed gxyrthefdeieqeldu ey, produtieg thedesited siphetadin deletant construct.
u [ : .
Since ﬂ'l%cg p%g%r i 6@%@#&@& g{ﬂﬁfej@s '8?8{6‘%%% , @?{ étrrﬁ?\%?g ?lbn-hemolytlc.
Therdsfaké thné dehmeqb ldeleganEmtm'aauWasl idertifiechby stheening for non-hemolytic
| |nte @ at e lﬁl smd 1162-45.1 . Digestion of plasmd
clones ) DlopG agidn H and Eco R released a 1742 base
pBeacduseghertcombirmdtivngvdrnteeSulting i tia dpsrréd (i!litegf'arttheas expected

al phat ene fr mtheun ue Bam HI Slt
to oo it 7 IPW fredueBCydh WasiiCa] BBt REETgns strains
havirigthigh tRsiGmatidre effRfsticyd TherefsreBevieral recehpaviag isolhtes of C.
of the parent plasmd. he 1742 a_ase pair fragmsnt was

perfrigoens dvare AR or deainstprmatioreicraNcYy: (b6 ipalaiazers transformed

with fwetimﬁtlé pRadridt ;!;.HRMB'M@Q:rﬁié@b@Mahm HlakéRek @péned and
he resul ting plasmd he C-term nal

Enwrﬁamert;al M@oeqqiog;eﬁé 2322 (1 93&» \e%éhghtaﬁgslﬁcat'peﬁ fglescribed
below. | §f?5ﬁ\|t 1@{% @§h§>ﬂ§dcﬂ% IR gﬁl&t tanRoah Sffic Ry (see Table 1), 9.2

paren Inal step the N-ter
x10° trahfsfqvfnarits/pgqu ;g!éﬂmamtasmmhléum nithes strelmwaqlmawsamtcbibe the

pareriirséréﬁui'\&%lp (!ég q |%§6 etant BE@RI\-A'B& aCSq nR 29 Svt\}gg cRXsen to be the
parent strain for CPERF002.

Table 1
Transformation Efficiency of C. perfringens Avian Isolates
C. perf. A Strain Transformants/ug of leR418
29 3.6 x 10°
23 5.6 x 102
1220 4.0 x10°
1240 9.2 x 10°
CP-2 None
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derived fromthe al pha-toxin gene sub-cloned in
plasm d 1162-52.1 . The upstreampriner, 5
W@ @ az’RSCT CCATAAGCAAAAGT TCCAACTC 3" (SEQ | D NexT/183007/009135

was identical to the previously noted yplc primer (SEQ

ID NO 4) except that a flanking BamH site

(1 owercase) was included. The downstream pri nmer

| ocated within the al phatoxin gene, 5

ggat ccaATEB\TTCTTATCATAATCTGGATAAGTAGANGE? 3' (SEQ I D

NGO 17) sag7conplenentary to nucl eot indgye 48824- 48857

of strai 823® and included a fl anki ng Ngme H
Source @Zbbvedlistediwilgitype stiits &vas PackeGlendSbagedr) de to nmal ntain
Dept. of Veterinard iSaignéasame Mi¢roielpaase) . The Bam HI fragnent
U"'Ve'F'QSQJH'FQﬁ‘Q ‘f“éﬁﬁ‘ PORONE 832t hese priners and pl asm d

62-52- Iate cloned into.the unig
% é'”S?”ﬁ dngg’SWa:sﬁof“ an %Y%Qm?‘& apaRIAtin |°Hbt”'c’ehlé' TSYC
medid (%0 8N Qrﬁ)ﬁ&%dy%ﬂﬂ% ?n gb%t SRPECt! 0@@/‘? bg&bﬁﬁ@ga‘here diluted 1:25

ori entation was isola hi s Iasm

and grewn 4p fweoatb548€. Héies mntﬁuga%ordeéwednlmfrﬁ@ll&mtnw QeP ¢ g for 10

rino 0Bt R 8ot By ) ARG an v

volun® of prearedupedrsiiaigse madnesitmphaspbate i(FSMEP” twas prepared as 270

i SR M VT Il g b7 Bl er QUGRPATEY @ fina

resusCenSIoRUETH OND OF SMPSTRIiSIreut ifeeRinR fGEND | meCBHA1AaNTI.

CRPERFO01 The. del gt f t i, . .

cRBPPToI esels Wi st Phetalfd Hufh  Hictplagmid 1162-65.20 n
0.2 cmgﬁnmuesn gg B%&sxaimbaw Plgsﬁtt n &IrﬁglysedTbH I3iilcveits, 100 Ohms
resnstﬁpgg @pg]g(bguggg%rap%}at@%rcggpﬁg i Hgg% 'yggfﬁelbeplectropora%on cells

were HRMeldORith 210 Raofppeitelasary agfpli eby yBhst BfAsietmddna ("TSYC" was
transfornmed into C erfrlngens it is unable to

prepared ascii g tamdicaydreth. 2q veastextiashddarg cys'rteme 950 m! water) and
t

incub Sl oS RSP P ARERAIRE AT RRREA S poriod.

dilutidnsr efasklisoverecplateden i T8 YC 25 kp@m\Eof chlogenphenicobplates. These

honol ogy to the_pi ene. The resulting.reconbi nant
plateg,were picybated gf ?rgo(%ég{eif WBEE;F‘a%’P a"?ﬁfé’t?'%i%'gr ant

Cﬂ'ﬁbaboé%éhlc@r%ﬁf ah %@ei’éﬁé SfjHG %ﬂld?ﬁmﬁr@ﬂcdlﬁégi@,fahnt colonies per

was | ntegrated at e ocus t
micropEaIaf 162 56 20 AN Wen oRRBEd: Snalsiaianias of isevenputative
mtegr%ﬁ&ewef'é‘ §réh Yp TR ndHLtiveCRS Y CaREdid or i Ssiteddive grow outs

[ eted version. The introduced resistance genes were

and mlai@dtcmo pengelestive dlegthasappletes t Oneofghe npmselegipshstocks, 1192-
31.7, %%Ibﬁgﬁ@é@e?&llr?&ﬁ ‘hehh ESIBRIER f\k@l&%{t&% bf‘ft%;e n-hemolytic

reconbi nation occurred between the t copl es
colonfsiscwgesnpatchieddo mansetsatiyeiroastev plates andmeouga @laiad omeSYC +
I o)
chlore%)lﬁ@aé}eﬁﬁgfﬁ@??% ?‘8}% 5“h8?€?%|8”%§ \P%n%i“%l ncﬁﬂéﬂﬂol §%nsmve
r é}riesofamea:rgemphémsol -sensitive putatlve deletants, 1192 32.14, was grown

up along with the 1240 wild-type and the integrant 1192-31.7 and plated on blood agar

plates. The 1240 wild-type strain showed clear zones of beta hemolysis whereas the
1192-32.14 deletant was a pure culture of non-hemolytic colonies and was renamed
CPERFO001.

Other blood plates were used as masters and replica plated to nonselective and
selective media. The 1240 wild-type and CPERF001 were chlioramphenicol and
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been renoved. In the first outcone, the normal pic

gene was restored, resulting in recovery of the
W@er00gi1pabo parent strain. In the second out conePCT/082007/009135

normal pic gene is replaced by the del eted copy,

produci ng the desired al pha-toxin del etant construct.

Since the al pha-toxin of the deletant strain is

i nactivated, this strain was non-henolytic. Therefore

eryth ﬂo'f‘ﬁyd?‘ﬁ%bh?ﬁlv@em{@ﬂ r%r%h?gfﬁfﬁ-ﬂ@s waehbthl dHftdrdMphenicol and

screeni ng for non-he t'ic clones on bl ood agar
erythromicin registant &5 qu%tonbl nati on event resulting in

t ﬁfs ARSLLER &s%.ﬁyth% 59@&5@? réQsRnce" %fesa\ﬂéﬂé/‘bresent but

frequency, It t|c to enploy parent
not expresséed e P ERFAD h,sPGR/Dwglem ghecifiader thhenehloramphenicol and

ot 5B G20 B PP A B wore

prepaeéd ifm'mtlwwulaktgpesnﬂteigraat wad eCﬁ’ERﬂ)Odrstminsvahu used as templates

for PR {earfin’s AR heniRipts Gnd Anaiars: Merdi ol /2R analysis showed
positi®d réspbhdel 8R§flormithe saidugélblamﬁiufanmtheamegrdasand vt the parent

1240 prgﬁlgta%él’ﬁfi‘ﬁ TR rSeuhaRatiSd laps ot thggesistance gene

sequé,{@gsforrmnt s/ ng of pJI R418 plasm d DNA. This strain
was chosen to be the tF)‘arent strain for constructi on of

dépeoafirmdberdeistion within hexalpfigdtoxingene 1 1886 bpgegion
surro@ﬁ&ﬁﬁtthétdél’éﬁbrf Was drEpiifdPoy PR %sﬁng@é‘ﬂ‘i)‘pﬁbf@b’#)ﬁ—mxm specific

ficCiency of C perfringens Avian I'solates C pert
prlmesv r e ampiified dragment was cloner #ad segyenced. xSf—guerms r@sults

ot el get b o 3 90 GF02 MRIGE 0 v s

toxin gﬁndawiﬁbesnsentm afessipgle Bu (SeerfiGso@ge?C).Dept . of
|
Ar | zona§6¥ucson | zona%%s%?érgbp% i rg ?{r%\y%t%g és% thtoxmd protein.
After &wirs ef aaabrabic growthe ratingbts aintrat obcells:wbtejcelleated Shﬁ

centri gge"cg / fﬁtoa?ﬂ rlgfcrl]'%%et ' Sf t?wgy yn b{(%ﬁ:%ft%@d &Ma aﬁtxrlnr gla were
analyzed by polyacrylamide gel electrophoresis and subjected to Western Blot analysis
with a rabbit polyclonai antibody directed against recombinant alpha-toxin protein
(Vaccine 11(12). 1253-1258 (1993)). The results showed specific antibody reactivity
with a protein of the expected size for the alpha toxoid protein.

CPERFO001 is a genetically engineered deletant strain of C. perfringens Type A.
This strain secretes an inactivated toxoid form of the C. perfringens alpha-toxin.
Because this strain no longer expresses active alpha-toxin yet retains a significant
portion of the toxin’s antigenicity, it will be useful as a vaccine to protect against
disease caused by C. perfringens.

EXAMPLE 3
CONSTRUCTION OF CLOSTRIDIUM PERFRINGENS RECOMBINANT CPERF002

In order to compensate for the lower transformation efficiency of C. perfringens
strain 29 (see Table 1, supra) a new homology vector was constructed. The new vector
incorporated C. perfringens sequences cloned directly from the strain 29 genome. This
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and grown to A600=0 5436. After centrifugation of 100

m of cells at 18,000 x g for 10 m nutes,
web@ctizssonpet ent cells were prepared by tw cePCT/US2007/009135

resuspending cells in an equal volune of pre-reduced

sucrose magnesi um phosphate ("SMP" was prepared as 270

nmM sucrose, 1 mM MCl 2, 7 mM NaPO4, pH 7.3) buffer

followed by a final resuspension with 0.5 mM SMP. This

was éﬁ%ﬁﬁtégg? :ré‘sﬁ’lt il & or\écgfﬂggnpﬁecggnlginﬁhon é'té;g UIEH n8$v véé?:@or was

S were electroporate
1192438 3-cscated anfadlovsem cuvettes. A Bi o- Rad Gene PuI ser

i 2 ST 2 ol UG g ST G B o GBS Msitance
genes Irv;erﬁarutqnmcafmansh?tbllel rﬂamui;s)dilesaag?lﬁgn ?édzlj g’lalsmuﬂ 27, 207 (1992),
GondEB 155, HBE p B RBS B B el Y eyme Nl

Ligatioxt dfabe lafgediragment producedoflasmidvatt ez)zaamd Tihis pleingid lacks a C.

pertingeqs Srgi,at ERicatp T AUt IKG the S @%ﬂﬂ&hws constructed
in ExsﬁY{ﬁa 1, Rretdiddithebntifdl PUR eranw_g si@é@mamif

| ates were incubated at 37C overnight 1n an anaerob| c
] é'ﬂ thexpext stgpdhaiGernginalnalf OQHW%\H@erﬁ@ wassyyb-cloned into the

infenﬁ@&%‘ié‘?@%ﬁ‘ﬂoﬁgf §§'1St88ho§-% @Nl??ro?ﬁ EtrleFi@WéH’%égd as a template

was observe Si ng col oni es of seve

. for lopgtrange £GRt ddeaiegiomef ﬁwmplmngo(almhm?ge) em the B’@mﬂ site
t
throuﬁ\énsg?ﬁﬁh 5fQHE| Oolg68§§ Ig\é%e%é’g"a%gegp dftr%eébﬁ%% Plc primer, 5'

ective I"at es
CTGGGA’E@QQIEEA@%@KEAAIMICMW Be@%@d@rlﬂD' 18)

correggﬁﬁﬁsg%%w{;lh&iﬁ% 9%&3%648@‘%“6#’?@%8 dﬂ:{ %é k NG 003366). The

yTi'c colonres were nonse ectrve
downstreter ppiner eatham the: QHE(MB&)gane,dS on TSYC +

actotehd P RAT AR ARTTARAT IR ART e S°1SELRD KT S0y is
comptérhehwrphemucldoﬁﬂeBSSﬁZM%lmflabf sﬂﬁde‘l @b?gacgmtallns flanking
-32..14, wa own . along wt e wi. | d-.t .
nuciebides ieciidinas Bt | nctipr sie dawertasaly A frsiuss o1 2408 base pairs
was &étatr%'ii ard@i WithtrekiR@ionl dridlyin s BYRT HE GAArPANeFhis fragment
beta henol ysis whereas the 1192-32. 14 del et ant

was Iated Wi et raaBient oA Hi ang el kilogstedito2-23 to produce

plasrhigNefgd3gRiRFO01 . Qther bl ood plates were used as
masters and replica plated to nonsel ective and

sén the fioal stenithe W@mzaww phitheypfe aane weeriaed waRCR. The
upstr{éﬁ{rg%@g%?es" aggaée"r?&él&éﬂggm Cﬁl T AA(*ﬁA TTHI®GGAA 3" (SEQID

NO: 20)yeatresparids tﬁéﬂl%@@ldesaéﬁ@b@yéﬁﬁé@ of $trarru|1 3 angk mch@es flanking
i A T SRR e
actggatecGEAd TIOF TATSATIAAT GTHHIRAT AAIG TMIANGE B (BE61 D NO: 21) is
compgrﬁgma‘éﬁm%&ip?@%s%ﬂ%S% oi‘ QtrglgRl 3 gﬁﬁtihaﬂaes flanking
nucleotides and a Bam HI site. A 2363 base pair product was produced and this was
digested with Sac | and Bam HI restriction enzymes. The digested fragment was
ligated with the large fragment of Sac | and Bam HI digested 1192-36.10 to produce
plasmid 1192-38.3. Subsequent sequencing of the region flanking the p/c Bam HlI site
in 1192-38.3 confirmed the deletion of nine amino acids from tyr 62 through trp 70.

Plasmid 1192-38.3 was used to electroporate C. perfringens strain 29 cells.
Strain 29 was previously shown to transform with an efficiency of 3.6 x104
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prepared fromthe wild-type, integrant and CPERF001
strains and used as tenplates for PCR reactions with

W0 b@7apsshi oti ¢ gene priners. Results of the PEBRI/US2007/009135
anal ysi s showed positive response only fromthe
suicide plasmd and the integrant and not the parent
1240 or deletant CPERFOO1 . This confirnms the
predi cted | oss of the resistance gene sequences. To

transﬁ?ﬁfdrﬁ%b*‘tﬁ piER818 ‘iﬁaé’i’rﬁd"lbﬂl/i hStrﬁerﬁ‘@tbﬁé Weré ‘?j?@wnaa c?

preglon surrounlng del etion was anp

e'ectr@pomﬁd@ﬁ WgE ¥pPlsp? ivethethe @manﬂ@nu thatpdigiid &elpctlm technique was
used é@%r P bbb T8 d’%%dd Iﬂ%géjaéjgﬁ\g?l%ﬁﬂﬁ e@‘ nl aliquots of cells

quenci ng results confirmed t Ion
were dituted iatd A2 i ol $YC 625t ig/mi g:ltnlc!ramﬂfermtoltdm grown overnight at

37° B B AR B T 2R 00catah S Pefafivk 8t ol
transfonatioacind platiclg aéfﬁdsientlesw(i;ftmmlzemersu% 12406 Aftetigvedihight growth,
uots o S were

bj wih, ali |
cells G377 pivied o dn sefctdansei 1Sl FRrEi Sedi 9o put were then
passethfius tiasy mtndutssmecm pribr teglatingreblebal g pldtes. None of the

colonlgaFairyihe Hpod bRy eTRISRNGTEaTEBEMONS:  EBripod plates were then

replicaplateeths t’SY@CH@/@Qazﬂﬁ?/rhﬁéKﬂB’Pérﬂ Hén@bpﬁﬁd TSY O + 50 pg
protein (Vaccine H(12) 253-1258 (1993)). The results

erythiomayn Pigiesi Alcqlapiesorgrer ethmomyan aensitive huboalyrorg of 130
coIonfé&ewﬁé F&ﬁfdrﬁﬂgﬁ‘l%&l%n&l’!ﬁealmé CBW ﬂ 1BPY LU B; was renamed

RFOOL 1's geneti cal engi nee el etant Strain

CPEI%EOQ? P& R ﬁnﬁmm'gggomlc PhAfrem @PRERRRO2with alpha-toxin specific
pnme'g%‘%ﬁg{/vt at§ﬂo§@58'b% | El'aghé Wit Tﬂ band WeSsmaller than the

OXI ecause strain onger EXpPresses
corregpondiag d:lqmafmmmnld-yme steaini 2% Dalﬁsl ﬁ’mniersaptecp”m:rfbr the

ehiordfhohPfickf 4hd sy BRYHHER Bslotndd athid et B i cRERFo0z ONa
but shewéd nsngags;)os&m%ﬁ@%gggnfmm BL GIqRIMdiMg of the
r..to

CPERTS AlBRELtX]) COIMER e Pins, APgIG AP RSIFIEIdT (esnEls o)

CCRERF002 Qﬁs:!ﬁaﬁa’y@dfoﬁ%#bﬁé?ﬂrﬂbf thehna&ti%t@%i d&lphg toxoid protein.

vec . Was on ruc ] new vect or

AﬁefEMﬁ%ﬁ‘éﬂé&f gHets el imheteelly wamicelected apd
centnfugén t hme%hrmidﬂolaarsgsnm&m%e@mtw §db§#%@aﬁﬂné§%bre

in nore efficient reconbination step. The new vect or

analygad by pplyawyiarade el #lemrarNaress. andysybjgcted toWestgyn Blot analysis
with d Ribbi pA9tlbnbERKIKGHY & Feét@g (f@?’r' iy q‘eEBﬁxbﬁ\arﬁedI;f)ﬁé %&H%rotem

resi stance genes were cl one

(Vacgize 41825363931+ The resulissshowed sp@grhC(aIm@.g)iy r@ﬁﬁf@b%lrwlth a
proteigﬁcgf;tﬁg)eﬁggc?eﬂ%l%ﬁé} R SpHatodblssibRdn W th restriction

CPERF002 is a genetically engineered deletant strain of C. perfringens Type A.
This strain secretes an inactivated toxoid form of the C. perfringens alpha-toxin.
Because this strain no longer expresses active alpha-toxin yet retains a significant
portion of the toxin’'s antigenicity, it will be useful as a vaccine to protect against
disease caused by C. perfringens.

EXAMPLE 4
C. PERFRINGENS DELETANT VACCINES
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Ligation of the large fragnment produced plasmd

1192-23.1 . This plasm d lacks a C. perfringens origin
wo@bowapisscat i on, but unlike the plasm d 1162- 4BCT/US1981/009135

was constructed in Exanple 1, it retains the entire

multiple cloning site of pJIR418 In the next step the

Ctermnal half of the pic gene was sub-cloned into

the internmediate plasmd 1192-23.1 . Genonic DNA from

Strhal OPERAURA 215¢ CHBRA0DS HRicthAt {Acih€@ B&airy\@6sdibRd in Examples
The region of the pic gene (a/pA?a-toxin) fromthe Bam

2 and§ were @vehtaied fﬁoratwr@blbtry tefprevidegpptrtionagaingiachallenge with wild-

type %%gﬁﬁ%ﬂﬁ%%sﬁm s d55| neg to SeteDrml\ige if the

admirtigtration pé thelinis vaccine sitrains bed amas'styeawg egt or tihe hatchability of

embr%??nétgg%k 'H% ggé‘égmentm%xggmr{tﬁaépoﬂb's@{d ’Wetgﬁfgty results are

descrtbﬁd:bgd'a@mCATATCAATTAAATTAACT ATAATCCC 3" (SEQ ID
NO 19) is conplenmentary to nucl eotides 51244-51275 of

strain 13 and contains fla g cl eotides including
a Pst | restriction si%(-&%tﬁg-e}—.—% product of
2402 base pairs was obé ai nﬁg gng 2 ESSt ed with
restriction enzynes B 2 This fragnment

was ligated with the |ar efragmsnt of  Bam Hl _and Pst
| dig "1192- Yacgi |asnl!élﬂlaﬁzi,§3§ﬁ
the final step the N-ternmnal half of tHatehed gope was

cl oned vija PCR § mer 1
act gae : | 5%4?@9@#%@?19—9@—
o O aE 12 APEJ ol
20) < \vJ OJ LI "rU\J‘T o 1T Al 1
1

(l OV\;‘—QI&&@;U—T—‘: Ig’lvé\‘,\,g:ll .r.x. J\ 2| rRK- 5! ( A))

act ggat NSG(‘AIJ L 648p%
NO  21)_Bs confeP&ineee {1 Brx mr)Lem. des A8482%a355 of

stral n 1% and ! R&%@QZW Qr?k“Q() nucl eot i ﬂﬂ'<(79r(ﬂ) a Bam

(55 o. . /all)
this vvastl (LSSHalr\/\Mt?ﬁOKS‘hé X 1Qn)d Bam HI ﬂ@s(BDf’/Q;)tl on
enzynes.10The dStredt 28 (B.7axt®Mt  was | i gat 48 (GH4) t he
| ar ge fregnent Meldis@onitrodsid Bam H  di gestt@d9%¥9)2- 36. 10
to produt® pl abminbcllftedIBokrolSubsequent 18¢908%6)ci ng of
the region flanking the pic BamH site in 1192-38.3
confir mexb é§gs per grdupy of nine am no acids fromtyr 62
t hr ough* op p@osel gissh th b8 at 38.daysass erabe/dnation (IM)
el ect r saeaper dosaas Médirses astdodby RitniRY ludits $ELA) N
29 was previously shown to transformw th an

efaltiaCdSRCuf 9H3 Sr @sﬂ(gﬂddpﬁ“ﬁQOGWBﬁﬂﬁ) ﬁgtcﬁbbmﬂ)} Rth@se groups was
plasmid DNA. Strain 29 cells were grown

not s'sné“@?rlﬁn verethagsing theszaﬁav@@'%e@rwm @@ae Y (aopRakl) or the

grou&tﬂdt%s%éﬁh@é&l‘a@éﬂ g@%ﬁﬂ' e ARt IRAbst o8k GPERF'OOQGShowed the
hour recovery perio Instead of plating, 0.67
sameghatghabiityons {Qg media control and better than the umnoculated control group.

Because the higher doses of the deletants may have had an adverse effect on

the hatchability of the eggs, only the two lowest dosage groups for each deletant were
included in the efficacy portion of the study. These groups, along with the media
control birds (group 11), were challenged with (wild-type) C. perfringens strain CP6 that
was administered orally at approximately 10° cfu/mi/bird when the birds were 20, 21
and 22 days of age. All birds were necropsied at 25 days of age and lesions within the

small intestine were scored using the rating scale for necrotic enteritis summarized
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were diluted into 12 m of TSYC + 25 ng/m
chl or anpheni col and grown overnight at 37C in an
wa@paenedssec jar. This nodification was used beckCBESWN7/009135
the lower transformation and plating efficiencies of
strain 29 versus 1240. After overnight growh, cells
were diluted again in selection nedia. Cells fromthe
second grow out were then passed five tinmes wthout
belows€! ection prior to plating on blood agar plates. None
of the colonies fromthe bl ood agar plates were
non- henol ytic. Two bl ood plates were then replica
plated to TSYC, TSYC + 25 ng/m chl oranpheni col and
TSYC + 50 ng erythronycin plates. Al col onies were
erythromycin sensitive but only one of 130 col onies
was chl or anpheni col sensitive. This col ony,
1192-45. 4B, was renaned CPERF002. PCR anal ysis of
genom ¢ DNA from CPERF002 with al pha-toxin specific

\t’)a %I)rvvas sal er han t he &orrespondl ngwggrn fr. Necrotic
chl n;iZESnvS'\t -vﬂ enn$\ +r\r ALt h &F{@: §+§ESCI g EAE\ES Enteritis 4+
No 'P‘Euqf‘é%P t J' 5] ?rf ] f W < EXtensive, o Dead animal
lesi on gval? s w NE gross

mte € fn IS scored
R o g% it g@gﬁ Bl ﬁf?% Aoz
nori e
P R MBr B i & gua?o? a tmseg sprotein.
itselPbhE bdind1 OBagk Pito aNaer ORivG n@litidé wehs of 1m  of
opeR&dl). S Ver e ngahhiect ed andreRndfr | fuqedhe.%lo rh8§& or

m croliter positiohre uncopreritioatedd SURFENSL ftn dfedl a

wer e anal yzecedsyorpol yachptrsisdd tigel akbeotic apbhvey esi s

and subj ecthickdnedW\est er mt&stimial anal ysos the inicasal abbi t

pol ycl onal naunusizodsring r eviceda.agai nst sogamen@@iuridst

al pha-t oxi mysnust ei n (Vacci ne 11: 1258w%el993)). The

resul ts showgsabrapeorfi c anti body reaeppearagcelith a

protei n of fe@oexpected size for the a/pA?a toxoid

protein. CPEWGO% ’i"? a genetically engi neered del et ant

strain of ¢&d W%?qgens Type A. This strain secretes

an inacti vaieMUESRPH form of the C. perfringens

al pha-t oxi NGRSUONOL this strain no | onger expresses

active al pI’\ %{g yet retains a SI gnl fi cant portl on

R

iy el n:c‘

ﬁgg e CPERF001 and CPERF002 del et ant vacci ne
SH\% Qjé tﬁ:%%cﬁ mﬂemv@ee s&canaaﬂ? bt EHQI'Ié’r?dé?ﬁ were

for their ab| provi rote aaln
necropisigd ahihe end hf tnel stusipéo ©onﬁenftherq;was.nommdsur3tto Samerfringens

durin&fthé QSu%teugyth%ugg?s&ﬂgq'gshﬂs g?é BFéngeéi En ﬁ'gsle 3.

TABLE 3
TREATMENT GROUPS FOR PROTECTION* RESULTS
Group* Vaccine In-ovo Days of age at Challenge
Vaccine with C. perfringens

Dose (cfu) N | Mean

1 CPERFO001 1x10° 20,21 and 22 9 | 0.67

2 CPERF001 1x10° 20,21 and 22 13| 0.46

5 CPERF002 1x10? 20,21 and 22 12 | 1.33

6 CPERF002 1x10° 20,21 and 22 12 ] 1.08
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adm ni stration of the live vaccine strains had any

adverse effect on the hatchability of enbryonated
we@e@s/123Bbe assi gnnment of experinental groups apdr/URm®07/009135

safety results are described by Tables 2 TABLE 2

SAFETY RESULTS G oup* Vacci ne (dose)** Nunber of Eggs

Hat ched (%9 * 20 eggs per group ** 100 ml dose given

in ovo at 18 days of errbryonat| on (I I\/p "Titer per dose

Bt e R bl b A
H‘"sebgrou i P ”'llfl\::ti"tj_'y' L||a|| Hr—tie

oLy T~ N TRV Va i) Quer\nl \ha N& hal vy /prjéﬁ ' hao 5 O'OO
Ul UUP T TTUOCuUr At ©vu A\ l. || jlbbl u. \WAN]] y \ | UU]J J-J- U l. TTC

g t

|

rLou i.nocul ated (group 12). At t he
O\Né’épzfo%%@%ggﬂﬁ ®f 39Fowed the same hatchability as

ned ont r ol better n.the uninqcul ated
 Sorer *@réwp%@aﬂg%%%eﬁpbr% tigfigally sggnitigant lower compared to

Grouﬁ@ |1qt(W’|c§)xWEMERMSﬁﬁ1 ¢@§t3|58@ OQBD?CMéHh §dres for Groups 5 and
atchability of the eg | owest dosage

6 wergrlowes than Gragp ebut mstamteca"mlfﬁer@@t KW"FﬁéO'éﬁﬁaESaBy'»‘"k Sum

Test PO 2197 hel 88y Bt v AR SESLY Srah Arikd g o e
procgdpjre (gie[sypegd by [nglﬂr&ﬁg eM:ergﬁf af Modesn Wled,afgatlstlcal Methods Vol.

4, No\i\%én ﬁ)&b&ﬁ)@e{léﬁcgibeaegﬁwn gbé 5@3 s %@g %6%.$%as estimated

at 54% M£mpe1 r@ﬁ:%dps Grdupt2, 20%l forsGodum§aranal” Yodfor &reup 6 when

51"5? i ntestine were scored using the

comp\r%%qﬁ%d capP necrotic enteritis summari zedbel ow. O
Score Necrotic Necrotic Necrotlc Necrotlc Enteritis 1+
Enteritis 2+ Enterltls 3+ Eg +I\IoNE gross

Thi n and
| esi ons : v
tifocal ,areas, W hNE intestine; |
e AR o &me'e%qﬁ g§ Sora ey gcer?ﬁgwt alpha-
toxin A@fetic®Mubentt fidm mﬁmhfa.ng oot: w nen mi.an)h dield isolates
or above. normal elasticit pened the intestinal
from diseased sy '”? e Ieée%&ﬂ@rét?‘ga‘ﬁﬂh (H’Jﬁ%m'dt PHRA18 g gssess their

transf;triurﬁﬁb?gg;#Wéfé‘%ﬁ\%lle{ggrﬁngogﬁgﬁ&fo?ﬁgﬁ% Féphlérﬁbﬁ‘arﬁw plasmid DNA.
and sysgeptibigde th;her chloramphenlcol or'erythr(grr?\yc%raer?ascaondudates for deletion.

Genomic DNA from the candidate strains is used as a template for long range
PCR of the plc (alpha-toxin) gene and flanking sequences. After subcloning of the PCR
products, the alpha-toxin gene and flanking regions are sequenced and restriction
mapped. New oligonucleotide primers are synthesized with flanking restriction sites
and the products of two separate amplifications are cloned into the suicide plasmid
1192-23.1 to create the 27 base pair deletion as in Example 1.

The swine suicide vector is electroporated into the corresponding swine strain of
C. perfringens and deletion mutants are isolated using the methods described in
Example 2, supra. Deletion mutants are confirmed by the absence of beta hemolysis
on blood agar plates and by DNA sequencing of the alpha-toxin gene.

This construct is a genetically engineered deletant strain of C. perfringens Type
A. This strain secretes an inactivated toxoid form of the C. perfringens alpha-toxin.
Because this strain no longer expresses active alpha-toxin yet retains a significant

portion of the toxin’s antigenicity, it is useful as a vaccine to protect swine against
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position); ulceration of layer of fibrin or excess or
necrosis of the necrotic debris thickened intestinal
woroorhesssucosal mucus covering nucosa. surfaceP¢TusionwiNI135

mucus towel nenbrane or appearance). focal or

mul ti focal mId reddening of the nucosa or congestion

of the serosal vessels. Scoring with m nor

nodi fcations is according to Charles Hofacre, D.V.M,

ity of Georgia, Poultry

dlsea%gzgr\é‘gg{i:ﬁér gngegg}s)geg’?%h Center, 953 College Station

Road, Athens, GA 30602, Five (5) birds fromthe

unvacci nat ed cont rol %6 sfpoed) were

necropsied at the en onfirmthere
Cultures oﬁmeeﬁopowmgabbmgmalpaaterial@ baye deenrdepdsitedovitls theofollowing

t I? EL The results are presented in Table 3. TABLE
internation #ﬁé&ﬁ' QROUPS FOR PROTECTI ON* RESULTS* necr opsy
at 25 days of age Scores for Goups 1 and 2 were each

TR N Y A NIRRT S —_—,

201 10@2009; ©ISA 5 uAtEr Bom@itions BNEY sdti3ANtHE idjuirkindits of thie Budapest
statisticall different. (WI cox n Exac nk Sum Tes ft
Treaty;gt ?}em jonal Reecpaniti "\958?,@ ePesit O (%aga rqgganisms for the

Purp®$sd 6f PB&n PFecstdute. to the procedure descrl bed by
David Siev [Journal of I\/bdem Applied Statistical

Met hods v&irganis OWM] Deposit
efGlpeiaiey mmwm@nﬁgﬁ di seasePIA8PAt y wasFeRiuama?ed086
5OPEBF//axDein 8656894 f or Group 2, 20% for Group 5 and
27% for G oup 6 when conpared to Group 11. EXAMPLE 5

COsstRATmh @eritngans. PERFRI NBERZ 386 NE DEEetmasTy 7, 2006
CPERF/AaToxin 365-053
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The strategies used in Exanples 1 and 2, supra, are
used to construct al phatoxin deletion nutants froma
waewna2ssr ai ns of C. perfringens. Initially, fPel/us2007/009135
i sol ates fromdi seased swine are el ectroporated with
plasm d pJIR418 to assess their transformability.
| sol ates yielding >104 transformants per m crogram of
pl asm d DNA and susceptible to either chl oranpheni col
WE CUAIRf:Yt hronmycin are candi dates for deletion. Genomic
DNA fromthe candidate strains is used as a tenplate
for long range PCR of the pic (al pha-toxin) gene and
fl ;
1 PORRBE SGRRAEE el Bhosds Sk thrflian orkiHe mutein of
Clostddiems padengeds alnha—'egaqn,mlne@m theppradeinNgpha-toxin comprises the

nucl eotid n [ i A i .
aming g R PR BELEENDI Rydiiel Eosf SliallstaulySpind aci
residwe’)ldrid wherein oner af tné@w@tedrﬁmimlmie wesiddes i biisgsd

1192-23.1 to create the 27 base pair deletion as in
Exanpl e 1. The swine suicide vector is electroporated

2. imThe ﬁd&euecad@&me@mag)f%m.ﬁm WHetklh tle iRutdif ra‘/,fhélﬁﬁm comprises
and de] etion nutants are i sol ated using the nethods

the agiinQ APKeIFqUENERAiPRQID NGk Baminys at leaRt 12 CaRsecUive amino acid

resid GO dridReeRdinldie SRERRSel Hind AaaRbYRILEs 8 HER0d
agar plates and by DNA sequencing of the al pha-toxin
gene. This construct is a genetically engineered

3. deheifitieitlddid hdlbalte dPRIdif 29/ el Mutelh] 'a?pﬁé-fcﬁduﬁ‘ comprises
secretes an i nactivated toxoid formof the

the aping pridgenuenceel SERI IR NB: Gminus al least ﬂ%mnﬁecw%@mmo acid
remdm‘i‘é‘é’ra?ﬁme\%ﬁfﬁéiﬁ ot &'tRBYIQEH Mo A&H Q’é&%ués%é 9!’% i cant

portlon 0 e toxin"s antigenicity, It is use as a
vaccine to protect sw ne agai nstdi sease caused by C

p r . _ . .
. PIRLAAEE PN SRR i s comprises
SEQ VD INOt B\enrhoblgnmrmyoum/e ramindatid resigoss ramging Aroem iTyeda through
T Type Culture Collection (ATCC) 10801 University
P70yl evard, Manassas, Va. 201 10-2209, U.S. A, under
conditions that satisfy the requirenents of the
Bydapest n the l te ational Recognition
5. ¢ BeTuHEc MAERUB S R CPOPTIIRG i Hagels i sequence of
SEQ RatNmt 2 RvReRsIN niclatidal i2BB-204 F Shé Aubleic SEitenélecule are deleted.
Deposit Costridium perfringens PTA7364 February 7,

2006 CPERF/ DaToxin 365-054 C ostridium perfringens
6. E’Eﬁf:&ﬁﬁzlcﬁekﬁd@hﬁb@culéQﬂ@léﬁ?ﬁ@ﬁl@@ﬁﬂh@ ddletlpmyd¥feotides are

replaced by a nucleotide sequence encoding a single Leu residue.

7. A substantially nontoxic mutein of Clostridium perfringens alpha-toxin; wherein
the mutein alpha-toxin comprises the amino acid sequence of SEQ ID NO: 3 minus at
least 9 consecutive amino acid residues; and wherein one of the deleted amino acid

residues is Hisgg.

8. The substantially nontoxic mutein of Clostridium perfringens alpha-toxin of claim

7 wherein the mutein alpha-toxin comprises the amino acid sequence of SEQ ID NO: 3
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1. A nucleic acid npolecule that encodes a
substantially nontoxic nutein of Costridium
w@es7neisgens al pha-toxin; wherein the nutein PCT/US2007/009135
al pha-toxin conprises the anm no aci d sequence of SEQ
IDNO 3 mnus at |east 9 consecutive anm no acid
resi dues; and wherein one of the deleted am no acid
residues is H's - 2. The nucleic acid nol ecul e of
minu$ bidast 1‘2‘"t%rfée'&uh{?€ aWﬁhS'd&ucﬁl*é?@]éé”@dﬁ ﬁﬁ%lh%ﬁr% 6f’1ﬁe deleted
am no acid uence of Q 3 mnus at | east
amlﬂ@@ﬁ@b@ﬂdw flises-aci d resi dues, and wherei n one of
the deleted anino acid residues is H's b- 3. The
nucl eic acid nol ecule of claim?2 wherein the nutein
9. alThiessubstantialynmontosic muteinof Glostodwn pedengensfal@rctoxin of claim

S . .
o, wBEa i AU ophEaS nd B0 Rl APSEELID O+ 3 minusa
least n8xiahsesutige ENsinb acid! resitee s) aridawhessin dnendfebeldeleted amino acid
claiml1 wherein the mutein al pha-toxin conprises SEQ
residyes I§311S¢s-ni nus 9 consecutive anino acid resi dues
ranging from Ty through Tf 70- 5. The nucleic aci d

Iecule of claim1 conpri.sing.the nucleic acid
10, sdhgcsibstaptialynomoxie otein BT E80TA88NS @lehastexin of claim

7, wheteihHin@¢eh8keuthfd Smimd Seid! r@sﬁ‘fu%sC{ﬁb?Péﬂbe ffomITgrg, through Trpzo.
nucl eic acid nol ecule of claim5b wherein the del eted

are dgleted anddeplases bypisiragla Uey rgsidua- eot i de sequence
encoding a single Leu residue. 7. A substantially
nontoxi ¢ mutein of Cl ostridium perfringens
alArhatteruatad Glestridivmparfiingessorappisa corpifuctes?y intagrating the

nucle&é‘ﬁcrﬁ%ﬂ%c@ﬁ% 8f SafHeN Mo 8 chrbimosBridbf & ndnDatteriatt§ zi?lbstnd/um

consecut1ve amno aclid residues; and wherein one
perfringeng erganigmani no acid residues is His b- 8. The
substantially nontoxic nutein of C ostridium
perfringens al pha-toxin of claim7 wherein the nutein
12. alplesattenuated GVpsirsiasntderirogens agadisseqficlaira 10f thaE@ substantially
ID NGO 3minus at |east 12 consecutive amno acid
"onthé%l dues; and wherein one of the deleted am no acid
residues is H s68- 9. The substantiall y nont oxi ¢

13. g%%é‘q o ?gascé(r ]Iqﬂr{c# M %@ gg)sl"g%l@ %18 -181]c w?\le?eiairr\n the nucleic

acid FOMERIE i Btafdal qugt.o% on tHesclivomestthe H8atCi8HoreslbgBEs to the
- am no acid residues; and wherein one of the del eted

locatighiqle AuFleic adf AVRIECHIE epcoting @ wikhtyna Bigriowin pigsent in the non-

aﬂenﬂm]d‘stﬁﬂibﬁ«;ﬂeﬁﬁn&ﬁsst ridium perfringens al pha-toxin
claim7, wherein nine consecutive am no acid

reS| dues that range from Tyr62 through Trp70, are
14. A9 Qb ARed WIbFRAMPpHritigedsrhaHishe 8 Eidfm 11 thatis a type A

Clostridium perfringens.
15. The attenuated Clostridium perfringens organism of claim 11 wherein the non-
attenuated Clostridium perfringens from which it was constructed was isolated from a

host animal that is either a mammal or an avian.

16. The attenuated Clostridium perfringens organism of claim 15, wherein said

mammal is selected from the group consisting of bovine, ovine, and porcine.
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11. An attenuated C ostridium perfringens organi sm
constructed by integrating the nucleic acid nolecul e
wo@toochzisso 1 i nto a chronosonme of a non-att enuaP@mus2007/009135

Clostridiumperfringens organism 12. The attenuated

Clostridiumperfringens organismof claim1l that is

substantially nontoxic. 13. The attenuated C ostridi um

perfringens organi smof claim1l wherein the nucleic

a: o . A o .
17, 2THE SRREMA QberHBl i BPrngBn BroRliSfh SRR 15,wherein said avian
is a chigkeri a turkeyl, agoose| 8 dunkodiswam awlds,ta/ pigeahp agrouse or a
partriq sent in the nonattenuated C ostridium perfringens.

;" The attenuated C ostridium perfringens organi sm of
claiml1ll that is a type A dostridiumperfringens. 15.

The attenuated Cl ostri.di um perfri ns aorgani sm of . .
18, CANAHCTE HHBPURING e ISR ClowTOERS B ROgHF SFoanism of claim
11. perfringens fromwhich it was constructed was isol ated

froma host animal that is either a mammal or an

avian. 16. The attenuated C ostridi um perfringens

19. OTHENagBine ofcdidimim 8FurthBe E8hiprisficflon@ BRPhoreSofIRE F6A®MIng: a
fromthe group consisting of bovine, ovine, and

. g ol .

pharmagqlogicallyy acqeptahle bufien excipierd: fr an @diYaty i ngens

organismof claim 15 wherein said avian is a chicken,

a turkey, a goose, a duck, a swan, a dove, a pigeon, a
20. gAdJnsthodoef indpaingrimigenity i Closfadieneedangens iman @mémal,
compsB MR EiAg 16 e SAIMFL ok WIBRADIAIEAN SfeclhveuGidht the vaccine
of claion 18ore of the followi ng: a pharmacol ogically

accept abl e buffer, excipient, or an adjuvant. 20. A

met hod of inducing imunity to Costridiumperfringens
21. | Mhaemethiodedf, claionROivehergirathe vactine inagdmnisteeed byrie or more of

e BBy RRRA S SR oLl odFial NHRGHARAL BipBlianeous, o

intrangsgalici ne i s adm ni stered by one or nore of the
followi ng routes: oral, intranuscular, intravenous,
i ntradermal , subcutaneous, or intranasal. 22. The

22. NFhBefe®bdcdfadlan? Qownasein tHeactiss i p-dreseed Gremeeed of the

. on the feed of the animal. 23. The nethod of claim 20
animalherein the vaccine is sprayed onto the animals to

23. The method of claim 20 wherein the vaccine is sprayed onto the animals to

provide for oral administration.
24. An animal feed that comprises the vaccine of claim 18.

25. The attenuated Clostridium perfringens organism of claim 11 that comprises at

least one gene encoding a non-Clostridium perfringens polypeptide.

26. The attenuated Clostridium perfringens organism of claim 25 wherein said non-
Clostridium perfringens polypeptide is a non-bacterial polypeptide.

27. The attenuated Clostridium perfringens organism of claim 26 wherein the non-

bacterial polypeptide is an avian or mammalian polypeptide.
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provide for oral adm nistration. 24. An aninmal feed
that conprises the vaccine of claim18. 25. The
wa@rdoeneassed C ostridi um perfringens organi sm oPCT/IUSI00T/009135
11 that conprises at |east one gene encoding a
non- Cl ostridi um perfringens pol ypeptide. 26. The
attenuated C ostridium perfringens organi smof claim
25 wherein said non- Costridiumperfringens
pol ypeptide is a non-bacterial polypeptide. 27. The
attenuated C ostridi um perfringens organi smof claim
28. 2@ herattarivated Clostidian perfrimgeps|orgapismiof claimi27awherein the non-

oactelp EEVPRPHAR SRR RILRESBRR <m of cl &1 m 27 wher ei n

t he non bacterlal pol ypeptide is an avi an pol ypepti de.

9. h ostridi um erfrines ani sm

20. Theia GleRtEtu ArstinsinascBaNIST o) SET 4/ wheren the non-
bacte€isl ggpypgpt,ag is EWﬁ,ﬁgnuat ed Costridium perfringens
organi sm of claim?29 wherein the cytokine is chicken

IL-18. 3 1. An antibody that selectively binds to an

30. eWheQtteriudied ClBstadih wedfm@eagrarganﬁﬁnaf slai2d Wkérein the
but m ssing fromthe substantially nontoxic nutein of

cytokinegstahickamilpd®s ri ngens al pha-toxin of claim 11
wherein said anti body can distinguish said

substantially nontoxic mutein froma wld tépe o )
31. @@Sfllbpdydhﬁb@wﬁﬁw@bhyﬁﬂ';@tﬁﬁﬁmtphe faund in Clagtrigium perfringens

alphal- 'B&lrlg Hlés)f groYWﬂ'L ﬁ’ti'gll 6nt%§l tdlASF 96 tridium

nat ura y |n ct ed ost |um perfringens .
perfringefas afrhaztoin pﬁclagnﬂﬂewlaatelb@ajﬂ aftikody pa dist@guish said

substgﬁt Jajlﬁgp étoI ﬂf g{t%éif@ngé\&ﬁ@g{% 5/%%’1%@?1? P?gfgﬂﬁens alpha-toxin.

or gani sm fromone vaccinated with an attenuated

o, SRR AR 0000 BB 180 gy ooy

a Closmmh p@rfﬁngdm ovganiyed yoafprislirg the3antitidgy aeclamyiani ng
whet her the antibody reacts with the fluid sanple;
wherei n when the anti body reacts with the fluid

33. SAkthod BEidRMtRRH laa arignl tHatethsSe Aaturally hﬂéctbﬁ&ﬁl a
natural ly infected by a Costridium perfringens

Clostgdiyanpeiingans Rr@rawfr‘a"\m%mmﬁtfmylta Agpttentatad Clostridium
perfnlgé_e:@ gﬁgcém%-r@éld‘n%%@ééﬂ% ATCC Deposit No.

A C ostridium perfringens organlsmthat

(a) candactprre fluish samiple Bem t!‘@SaWHW g thnd qlgim 32,
(b) de%—ﬁz&% whether the antibody reacts with the ﬂund sample,

wherein when the antibody reacts with the fluid sample, the animal is identified

as one that has been naturally infected by a Clostridium perfringens organism.

34. A Clostridium perfringens organism that is CPERF/AaToxin 365-054 having ATCC
Deposit No. PTA7364.

35. A Clostridium perfringens organism that is CPERF/AaToxin 365-053 having
ATCC Deposit No. PTA7365.
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