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C. perfringens cell includes reférence to one or more of such cells. Itis also to be
understood that this invention is not limited to the particular configurations, process
steps, and materials disclosed herein as such configurations, process steps, and
materials may vary somewhat. It is also to be understood that the terminology
employed herein is used for the purpose of describing particular embodiments only and
is not intended to be limiting, since the scope of the present invention will be limited
only by the appended claims and equivalents thereof.

In a particular aspect of the present invention, non-reverting mutants of C.
perfringens are provided that are "substantially nontoxic," i.e., organisms that express
an immunogenic alpha-toxin of little or no toxicity thereby rendering them suitable for
use as protective vaccines. The inventive C. perfringens organisms therefore bestow a
sufficiently reduced toxicity, relative to wild-type C. perfringens organisms, to render
them tolerable as a vaccine or antigen, when employed under conditions effective to
elicit an anti-alpha-toxin or anti-C-perfringens, immune response in an animal that is so
vaccinated. Thus, the inventive C. perfringens organism is "attenuated” relative to the
wild-type C. perfringens.

The phrase, "substantially nontoxic” is also intended to apply to the above-noted
immunogenic alpha-toxin muteins that have sufficiently low or no toxicity, thereby also
making them suitable for use in a protective vaccine.

The reduction in toxicity is measured, e.g., by one of the following art-known
tests: hemolytic activity, phospholipase C activity, sphingomyelinase activity,
phosphodiesterase activity, and general lethal activity in a test animal group. »
Generally, no residual toxicity is detectable by such standarg tests. Nevertheless, the
presence of a minimal level of one or more of these activities, e.g., from about 10™ to
about 102, relative to the toxicity of an equivalent number of infectious units of the wild-
type C. perfringens alpha-toxin from which the mutein has been derived, may 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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the toxic form. It has now been found that deletion of the Zn2 loop His residue, e.g.,
Hisgs of SEQ ID NO: 3, together with the deletion of additional residues flanking the His
residue of the Zn2 loop, provides an alpha-toxin retaining sufficient immunogenicity to
induce protective immunity in animals vaccinated with the inventive C. perfringens,
while also being unlikely to undergo a back-mutation to encoding a wild-type alpha-
toxin. The additional residues that can be deleted are deleted in the C-terminal
direction and/or in the N-terminal direction, relative to Hisgs, and can range in number
from about 4 through about 60 residues in either of those directions. Alternatively,
Hisi4g and flanking residues, can be similarly deleted.

One embodiment of the inventive mutein alpha-toxin also includes, in addition to
the deletion of Hisgg, a deletion of at least 30 amino acid residues from either side (in
the C-terminal or N-terminal direction) of the Hisgg position, relative to SEQ ID NO: 3.

In another embodiment, the inventive mutein alpha-toxin includes, in addition to the
deletion of Hisgg, a deletion of at least 20 amino acid residues from either side of Hisgg,
relative to SEQ ID NO: 3. In still another alternative embodiment, the inventive mutein
alpha-toxin includes, in addition to the deletion of Hisgg, a deletion of at least 5 amino
acid residues from either side of Hiseg, relative to SEQ ID NO: 3. In yet another
embodiment, the inventive mutein alpha-toxin includes a deletion from about residue 62
through about residue 70, relative to SEQ ID NO: 3. Optionally, the deleted amino acid
residues are replaced by one or more other residues, such as a single leucine residue.

In still further another embodiment, the mutein C. perfringens alpha-toxin is
produced and isolated from C. perfringens, or from an alternative recombinant
organism, to be employed as a research reagent, and/or in diagnostic kits or assays,
e.g., as a target for anti-alpha-toxin antibodies. Yet another utility for the mutein C.
perfringens alpha-toxin proteins is in specialized vaccines for animals, e.g., humans,
that may not tolerate vaccination with the inventive attenuated C. perfringens organism.

In addition, the present invention provides an antibody that specifically binds to
the wild-type alpha-toxin relative to the alpha-toxin muteins of the present invention.

In 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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eliciting and screening for such selective antibodies are art-known. Similarly,
antibodies that recognize the inventive mutein alpha-toxin of the present invention, but
not the wild-type protein can also be generated. The antibodies of the present
invention can be polyclonal, monoclonal ("mAb") or fragments or engineered fragments
or derivatives of such antibodies retaining selective binding properties.

Techniques for preparing and screening monoclonal antibodies have been
amply described [see, e.g., Stites, et al. (eds.) Basic and Clinical Immunology (4th ed.),
Lange Medical Publications, Los Altos, California (1988); Harlow and Lane, Antibodies:
A Laboratory Manual, CSH Press (1988); Goding, Monoclonal Antibodies: Principles
and Practice (2d ed.), Academic Press, New York (1986); and Kohler and Milstein,
Nature 256:495-497 (1975), all of which are incorporated by reference herein in their
entireties].

For instance, and without limitation, an immune response is elicited in suitable
animals, such as a mouse or chicken, by vaccination with a purified wild-type C.
perfringens alpha-protein, e.g., in combination with a suitable adjuvant. For example, in
order to avoid the toxicity of the wild-type alpha protein, the immunogen is a peptide
corresponding to the deleted residues, and, if necessary the immunogenicity of the
peptide is enhanced by combination with a suitable adjuvant or by coupling to a
suitable carrier protein. Coupling to a carrier protein is art known, and can be
accomplished, e.g., by providing the peptide with a terminal cysteine, and coupling it to
keyhole limpet hemocyanin (KLH) or bovine serum albumin (BSA) using either
maleimide coupling chemistry or sulfosuccinimidyl 4-[N maleimidomethyl]cyclohexane-
1-carboxylate) linker (from Pierce) A carbodiimide linker also may be employed
without requiring a terminal cysteine.

For preparation of monoclonal antibodies, splenic Iymphocytes-can be obtained
from an immunized animal, hybridomas are prepared from those lymphocytes, 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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omiaqgéemglnaﬁtr@'g@@pleﬁqr@qypgdy fragments can be produced in other
art-known expression systems.

As discussed above, one potential disadvantage of vaccinations in general is
that the resulting vaccinated animals can generate false positives when testing for
infection using antibodies raised against a naturally occurring strain, thereby, hindering
the identification of infected animals. Therefore, the present invention provides a test kit
for distinguishing a subject animal that has been infected by a naturally occurring C.
perfringens organism from one vaccinated with a mutein alpha-toxin of the present
invention.

One such test kit includes a quantity of a selective anti-wild-type alpha-toxin
antibody that exhibits minimal or no binding to a mutein alpha-toxin of the present
invention. The kit can also include other suitable reagents, sufficient for conducting at
least one diagnostic test. In a further embodiment, the antibody is tagged or labeled
with a readily detectable maker moiety, e.g., any art-known enzymatic marker, e.g.,
peroxidase; fluorescent tag, e.g., fluorescein; beads, including magnetic beads; and the
like. Optionally, the kit can further include a tagged antibody that selectively binds to
the selective anti-wild-type alpha-toxin antibody. Immunoassays are well known to the
art, and include sandwich immunoassay, competitive immunoassays, enzyme-linked
immunosorbent assays (ELISA), radioimmunoassays (RIA) and others.

Also provided are methods for identifying and distinguishing an animal that has
been infected by a naturally occurring, i.e., wild-type, C. perfringens organism, from an
animal vaccinated with a vaccine comprising the attenuated C. perfringens organism of
the invention, that is conducted, for example, by the following steps:

(a) contacting a fluid sample from the animal with an above-described selective
anti-wild-type alpha-toxin antibody that exhibits minimal or no binding to a mutein
alpha-toxin of the present invention; and

(b) determining whether the antibody reacts with the fluid sampie;
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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bat plfjﬁs)azﬁl\%ﬁé &[Btgﬁ{]gé trfc'ea\llaq:%[mde orggggpnxfn%lu%grs] ublﬁ is not limited to,
the foIIowmg general steps, not necessarily in the order presented.

(1) ldentifying the type of animal to be protected by vaccination and one or
more clinical isolates obtained for screening purposes. This step is typically
optional in the case for the alpha-toxin, since isolates from one species of
animal are more likely than not to provide protection for other species of animal.
(2) Amplifying the plc gene from the C. perfringens isolate or isolates, e.g., by
PCR or other art-known nucleic acid amplification technique, with suitable
flanking primers, and employing amplification with suitable primers to create the
desired deletion mutation. Alternatively, an appropriate library can be probed.
(3) Creating a suicide vector comprising the deletion plc gene, in which the C.
perfringens origin of replication has been removed, and/or an origin of
replication that can replicate in C. perfringens is simply not present; and in
either case, including suitable selectable markers, e.g., antibiotic markers,
adjacent to the mutated p/c gene. Such a vector can then be inserted into C.
perfringens organisms, e.g., by electroporation, or bther art-known methods.
(4) Selecting C. perfringens organisms in which the mutein p/c gene has been
successfully integrated into the bacterial chromosome. This is done by
culturing the C. perfringens organisms of step (3) in the presence of the
selectable agent, e.g., an antibiotic(s) corresponding to the selectable markers.
For example, the only C. perfringens organisms that would grow under
antibiotic selection would be those that through homologous recombination
have directly integrated the suicide vector, with its antibiotic resistance gene(s),
into the bacterial chromosome. These growing C. perfringens organisms
therefore, would have two adjacent p/c genes, one being wild-type, whereas the
other would have the deletion mutation.
(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 plc 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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In more detail, field isolates of C. perfringens are obtained from diseased
animals or other sources. Initially, genomic DNA obtained from field isolates of interest
is inserted into a suitable dual microorganism shuttle vector, e.g., a shuttle plasmid with
selectable markers, e.g., antibiotic markers, to assess their transformability. Broadly, a
suitable shuttle vector will include one, two, three or more of the following features, a
cloning site, a C. perfringens origin of replication, an E. coli origin of replication, and an
antibiotic resistance gene andor selectable marker. Art-known vectors suitable for this
purpose, or readily adaptable for this purpose include, for example, the recombinant
shuttle ptasmid pHR106 described by Roberts et al., [App! Env Mircobiol 54: 268-270
(1988)]; the pJIR 750 and pJIR 751 plasmids described by Bannam, et al., [Plasmid
29:233-235 (1993)]; the promoteriess pPSV promoter selection vector of Matsushita, et
al., 1994, Plasmid 31, 317-319; the shuttle plasmids pJIR1456 and pJIR1457,
described by Lyras, et al., 1988, Plasmid 39, 160-164; and the pAK201 shuttle vector
described by Kim et al., 1989, App!/ Environ Microbiol 55, 360-365, the contents of
which are incorporated herein by reference in their entireties. Removal of the C.
perfringens origin of replication converts the shuttle vector into a suicide vector.

For example, one shuttle plasmid is pJIR418, described by Sloan, et al., 1992,
Plasmid 27, 207-219, incorporated by reference herein.

Isolates yielding 210* transformants per microgram of plasmid DNA, and that
are susceptible to the antibiotic marker, e.g., chloramphenicol or erythromycin, are
potential candidates for deletion. Genomic DNA from the candidate strains 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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of G nBﬁrIHiuggﬁQ%f'sUéﬁﬁmrﬁHis |r%ﬂf?detth6£§5f){h% & é'H bovine, ovine, etc.,

adm ni strat IS conte as one neth
familsa PAMRIRS AHatisraBAIE oo gt thwerngwﬁrs@mce%q Qraguaciiure andior

h&ested flonY thediii@® aHat@St Shve S hbIdinPBRRs RSrdRtithe IFFioPfo MmBfketing.
+Invent| on is co nlpl ated to el I‘ﬁ& | ocal | zed, grot ective

ThesruiReludg fishisyf a?ﬁ QuR T FRIEEaRNY SYNGr SBECieR Laised or harvested for
e@RRINGio Ib@héﬁtt Noalvertededte aqndtmayimhesmcmta IclostPRt ciabgeinplllisks,

o LAV, gElpdts Hams. SR, fiskS. autbs S gLk . Aviam shan be
understodd g lm:llud:é( dorsgxathié shickees eturketys, geéshae doclaletmaBbvxde shall
f
o LplOREEL! @m0 S AT IRt R QL AR e,
umstppddumtm:tﬂbwammtmdam_at eton and pr ot ectl on from
chal ¢ §n9god sgest %qhg?'égfé%gmggh@&? e terftl G “‘?Eﬁbst%ﬂf%understood to

Expressi on
'nP'éléﬁrYY'tm%"f@é%@fb;S’é%lTﬁﬁoﬁhgf%@étge‘éf fh?@ eﬁatﬁi?@%s Bﬁ&h 'Qéne

saMtordlHESblder whith ru'\cﬂlgded th@- Sallfrrgﬁ@agﬁahﬂy)céndj%fpérﬁ&?f%s order
Vﬂ'gél onal |y can be inserted into the chronosonal

1 PERGER LS BoPtasahias POy bAreISiGs BHBTUP RS SRR @rouping.

f usiasnsias o aomdgl fislhi rebipRinesiaciietthe mmaéesarﬁmm ng

St rin? Slahe e SPRoan b BElh b s SoPse bt e iy
th‘é@w@@a@ﬂihé B&ﬁﬂmmaﬂiﬂﬁm@ﬂumb Gunertbe Bidie-Elyed Fllecogemaus
(Iiléc S?c%ggggpwl th the foreign gene. The remaining

nuc of the plc gene downstream of the inserted
gene are out of franme, and therefore no functional

al pha-toxin is pr oducedSaﬁl“grﬁég@f:é&@![ , the foreign gene
can be inserted in-frane to € nucl eoti de sequence
encodi ng the al pha-toxin nutein form ng an al pha-toxin -
fofré?@}l‘? Bin fusion protei OMMON NAMEonucl eot i de

Pr CoRdgonu@leldgdfdii€! 9N gene Cagkd¥hit¥fdHIes! zed, €. gd.,

W Corejbriistiteim nal FLAG tag segugige and appropriate

I eslncbyhohuskéas. The PCR produwehss@iaionbe cl oned into

t hensvityndluy getbatchd he FLAG t gghkasdlmbar ei gn gene are

i neeicbeynchud kisoiehw t h t he al plbahbaaimosi gnal sequence_
The foreign protein is expresseidvans@monyntrol of the

al pvaethyxchuprasover and t ar getberry salngec(nedscarsabypothe
ch The secr efSedkéysr salognenpr ot ei n_can be
det ected in the supernatant nggia by Western bl ot using
an anti-FLAG anti body. Any suitable foreign gene
may be inserted into the C. perfringens genone in this
manner. These include, for exanple, DNA encoding antigens
from pat hogens of the gastrointestinal tract, including,




EXAMPLE 1 C. PERFRLNGENS ALPHA- TOXI N DELETANT HOMOLOGY
VECTOR WO 2007/ 123850PCTJUS2007/ 009135 A honol ogy
pMASIM U 2NECt or 1162-55-20 useful in the constREYI28H/08F35
C. perfringens al pha-toxin deletants was created. The
plasm d i ncorporates several inportant elenents; the
replication region fromthe E. cob' plasm d pUC18; the C
pecfringens chlor armhpnl col (catP) and erythromycin

nes (bot KchifoQhsalmom e al so
M and a C. RUdiwyeishal pha-t oxin
’vat ed by a spégytiyeat @t“étl on of 9.am no

ac gL i P82-55- 20 was ngarPH several steps,
asSPEPe s First the p ‘g cloned froma
re ’E?—M spl ate of C. per '?r ég’ eé%’tb';ain CP6). The
segHerHee 6f :" ftngens strdiir, nk NC 003366;
S ‘@ IRy a9 JUsed to desi i TY0hucl eoti de priners
to o- 's"é%lc? ,‘iel %l oni ng of t r(')' Tor ene. These and al |
--.;a;.— - i ;’ were obtain [ “t}‘ §| A

alvel ; is NeSe CHAr te o e T
?ﬁ%%ﬁnu%ﬁﬁ? sogé(s The ups L ‘f CTC?;,HS'?]

Melitiy ~ﬁra¥&%7{» ) ﬁf\
( Aw orresponds to i i des 47675-47700 of
S
W thin thgx%;é)_wﬁ&“@ I\ﬁ&ﬁg‘grg%)the @erranldae Famll% O 15)
Th BIrepristis,ac used along ”l‘ﬁe ﬁ10 from C

Cent iladelphi
orfa inal Bol ynerase chain
r & atap o oduct  of cI rs fromthe
upgtd v t hrough th "Yfg(/\?\ cob Wgene was
pr &g . known sequ R§C rstral n 13 (as
il E;‘ teupF o. tu ). The al 8W?89<‘zﬂr°r5ﬂp8hoter si gnal
seg c gene (CPEOO3 F& | grsequence are

Se d}msBH 5;5 fhis f tt et h ‘

coRLALEL M J AN, his fragmeniy, et ween the upstream
yprcT gene ard trme downstream CO gene The PCR 2955

base pair fragnment was then cloned into cloning vector

pCR- Bl unt (1 nvi t r ogen . GALABEAR! I SHAFSDReNiNCA

r esphkiopINIA P! asm d 1162- 52 EoiRFWANEET | de sequence
of the p/c Cndl ng rem on of the 2955 base pair fragnent

or mi ne@heeeshead s fragment (SEQ | D

ar i ng poI ’?ﬂ'@ |s SEQ I D NO 23)
Ef‘ff AP 1.0 be substanti gPT 9? FBY BYBYs as that of
th Foqorn P8 perfringen Q 13 (SEQIDNO 2) .
Nex P9 @.ot’coll replication
pel f’ ? 84 esj st ance genes 98‘1’ r‘?@d’r?‘?'gm shuttle
pl ZSHEPBYE RS oan, etal, 1982, Plasnid 27, 207-219;

Genebank M77169). PI asm d pJI R418 was digested with

in WE)I\KN?‘W poI yrrer ase. L| MRibI9NANE | arge fragnment

produced plasm d 1162-45.1 an g EesIQ[ed Ige Bam | ||

r edequidensfatifions. This pl asni @luengrara

ZOQDM.QQIEQIMES@QM/ 009135 rergaeichlite E. coil

i on, but unllkeplbglcf’%iﬂle it does not
Rteophylum sealarer i ngens or i gi ANeH fEBpl i cation. The

pl 249Ria MASSARWIGE or e capabl e MOZ&UFBWWQ'&PF’E%U on in

E. O@pGhromiR Shtbt in C. perfri § In the next

st SArQtherogop &Uaal haIf of t PHFETIRRR was sub-cl oned

into the internediate plasm d 1162-45.1. Digestion of

plasm d 1162-52.1 with Barn Hljgand Eco Rl released a 1742

base pair fragnment contai ning the C-termnal portion of

t he al pha-toxin gene fromthe unique Barn H site | ocated

with in the plc gene downstreamthrough the cob Wgene to

an Eco R S|te Iocated in the mul tiple cI oni ng site of

A P~




WD 20071123850PCI M52007/ 009135 When this plasmd
was transforned into C. perfringens it is unable to

r &) 1084128858 nd does not survive. However, if tHel/US2007/009135
transforned bacteria are placed under chormapheni col

and/ or erythronycin selection, the plasm d DNA can be
forced to reconbine into the bacterial genone via

honol ogy to the plc gene. The resulting reconbi nant

bacteri a i sScaaMemhers of terGentrarghidae fareilyr ant cont ai ned

a copyxeN AgE ntroduced honol ogy vect@ppiidh NBRE

i nt egrat ed at the p/c gene | ocus. Thus, the resulting

m%-ﬁﬂ(—@&tﬂ%n'-’h%d two copi eéRQﬁ kass plc gene, the
iCONYRIchyus Macropigsys and t he fil®fr oduced del et ed versi on.

eXSEEIadgE | st ance gené:s"‘?\%ﬁge?elggiyeﬁ"lﬁéf‘\/\een t he

Qﬂl%g’@f—?—%,ipl c gene ka5 gy SUBgR t i on was
T A4 r ROTY SUBEr r ed
betaiecE OSUS o5 of the

r eCOABAE Fer can produ 9g‘f"ﬁ?%%outcorres. In
et n two copies of

botH=—ases he DNA i nt erveni L
enes), has been

t h&ERPILIS Canellus, ud| he resstan
refﬁggﬁﬁ%’fgﬁ—rsg&%éone P‘ﬁéfk' NG gene was
e

-}
- X
::5"302:00:

rteibﬂbﬁ,(’k qli5s 'ay ng Idn recoverny; e ori gl nal parent
sthd mis By second out cone

ene is
regeo %%C/‘I irgs! eted copy, fQ H%ﬁaﬁgg{’ Re @Shgl red

a/ PR BgdRkET 2Nt construct.ongelFsydide al pha-toxin of

t h@i8Rbtdaltossderi N 1S I nacti vegdRlpatdi s strain was
nonibRpeIniE WelonliBgr ef or e the dsphiReutHalaesant integrant
vaitdprruE pedciatssr eeni ng f @pdkea-yxeeol ytic clones on

bl agierop@lis BhAici8es Becausgerhbethresenbi nat i on event

r eRelntoxiganmulatie desired int egvané cuppieexpected to occur

at Pontaxe higestneagytusi t was criBlaclatrappieenpl oy parent. C.
perfringens strains having high transfornation

ef fi b 2hather Endrcefiroent, treyanialal tsea:emhpamoarammallcataelmmén CFor

[ a d,for tr t

PlfieSe8 3f B ARGEARF HERT wietenh L BIRO SR ffef e Ifgerstooa to
inEldeidiBarimaties bordesdeying).|cats (feluheBl dagsHeanifép phdedd@mq

RO SR, SUREAPIE, AR hep et d FES b heusplly. parots

apféhenlithest transformation efficiency (see Table 1), 9 2
x 106Bire 8 Rsdeing 8L e Eé&.ﬁat.o%a%&a@oemdiwmﬁhJhéosnmerc.an or

strain vvas chosen tg be the arent strain
NEBAITMGESRIGH IBHUER| g'i‘%%ﬂ inelggRes 1 Anaydag ﬁ%aaag'aeﬁo%%%?e and

dhek:i;@d/&mbﬁaéeag sfovas ant Qﬁg&‘HEREQﬂ)Qas debksticlpigeons, Phasianidae,
Tr ans rratlon Effd'tc' ency ’? gerfrl enz.A lg(fq ttaci

o ot B bictig il AR et s R i i roitacines.

el liBardBeéts bmacdwd, 4l parbotx, d.92 rdi2@d fot.the petlObedll2dtor 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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9.2 x 10 CP-2 None WO 2007/123850PCT/1.1.S2007/009135
12307.1 x 103 5227None 5230None Source of above |isted

WMQRPYAEt rai ns was Dr. J. G enn Songer, Defftl/ugp07/009135
Vet erinary Sci ences and M crobiol ogy, University of

Ari zona, Tucson. Arizona 85721 C. perfringens
strain 1240 cell s froman overni ght anaerobic culture in
TSYC nmedia (30 g/I tryptic soy broth. 5 g/l yeast

v'ew@r%oqe'f'mgsn@FPO@;Q@%M@Q f@/éeéarapheumam%e%fﬂpdg seihyvater.

afﬁﬁ%@ﬁ@d&ﬂé@nat&f-élefecesrﬁﬁd #hdggei on of 100 m of cells at
m nut es, el ectrocorrg tent cells wer

or oSt g (B euEe for o 484 COOP cHArsisrzpd A Tanixins
frévh dﬁﬁ@eheﬁimﬂﬁofsccpmgmgmﬁﬁitl a:maphgggaam%(\;lnﬁﬁuew@ Ia_lnd
sSucr e,. .
B SBRE pEpetiss StPey i surl st apssrbec et p e B jeolated

fr@hRan aviars sowsal(d sdanpthat had ah ajohaitoxiroéxhilditidg allarge degree of

s gL anlors % BBl B B BB A HEBRLTE TN WP oo o
thmleaeon lit isbmdievexbthahmobt Bplateéd willowhen codve@rhto aresitenuatedform,

elﬂ:lr}garét%cmé frﬁ%ﬁﬁi?};jg%z?ﬁﬁﬁ%ié tagﬂ%qunhgg‘mé.lﬂI &Hér ﬁén‘f.lﬁaﬁl?' occurring

froporation
strains pbGuReANgaySt |'\@V969ely>éa@vmmem$éméﬂ phalphaty(n vagation

b&WeBAisSates, BRillofidr/td hevatigdyiRiB |so5&eYa$ﬂSétte%&EfeaQt perfingens
g cysteine, 950 ml water) and incubated for three hours

oINS A 4he ANEA SBEEISF Lo WIXEh 8P el RECGIPEPYS Passingls desired.

TRe |sbldte® BRe@pliffe] héredeRvPivas /blNBd TraXchicksn, Ratésted in that
chl or anpheni col plates. These plates were i ncubat ed at

Soverni ght in an anaerobic jar. After overni ght
growm h, an average of 50 chl oranpheni col -resi stant

col oni es per m crogram of é& %l 2s 20 DNA was obser ved.
Si ngl e col onies of seven p i ntegrants were grown

up i henatterelated Cvpefdyenseuganisos of the lrwaomanevgaer@rajw

|
ropfb B A bR RO D URBEL BB chip aindiNor, HtRvacthe
CrOPOSitans| a}rpuf@rrwmﬁu aosordm@iea the gputecsf acaistran archeleyt i c
c&ﬁbé’c‘ﬂl@ﬁnt%ﬁ@ aBRILARRehR erRe ki ARRfeRic Myt &S féﬂﬂcample

replica plated on TSYC + chl oranpheni col plates. Two of
ongyar Pere B As o5 atipiuated Copamiraaiistype Serigppisg according to the

in(BitioH. (bbﬁbrra‘ﬂ&Qh@%ﬁ&ﬂé‘E;@hrp‘é@iﬁ&htdaH%Isz«'ﬁﬁaﬁJZ&%n@QiéQ?&@t@pes of
own u
GHPAPEg P SBangch il e plerirted & Padindsits Se A

opbaisas. The 1240 w | d-type st rain showed cl ear zones of
bet 6\%} em%fﬁ/ \gh%n(ta‘ alhgf %teﬁaat%g %e%n%ﬁgng“g%e% 8}@ isms
cul ture’o it t I'C Colonies an
lnCJBERMmth_e vaccme co:mmtlomi yealipt andyiakée,a@lthoedh for certsinespscific
si qo N II'I'lﬁ]iLﬁ#ZI & ﬁ%}gﬁfatds\’cﬁ i eécﬁﬁ rbﬁﬁsé@?r\lﬁ'ra the
%ﬁ ﬁ% ﬂTg type a%g éER 001 were q%ora heni co c?
vaccine will exclusnvely comprise killed attenuated C. perfnngens 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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WO 2007/ 123850PCT/ US2007/ 009135 eryt hromycin sensitive.
The integrant, 1192-31.7, was both chl oranpheni col and
eMRHPBWEPn resi stant as expedt ed. ToPGFIYROG (999135
the possibility that the antibiotic resistance genes were
present but not expressed in CPERFO01, PCR prinmners
specific for the chloranphenicol and erythromycin genes
wer e synt hesi zed for use in PCR reactions. Genom c
Staehilospegss axrews BriiRerolysacabardsprepatatignah m*ms&neeem

.nammg%mdle@ﬁedwefgm PRBHALQsuticars. R@E%nﬁmetstaﬁﬂarwaah Behe
Resul ts, of the PCR anal

ant i |ot|cq%re) Bnnrers ¥

admi\Rar ¥dipsndwinghingulation, {2 Patticulag @spedtsthedmmune
st&ﬁ@iahhe ddnhifgtersd irithé mediubheomainiigtthd 2&8nosted at. gisaingens type A
CPERFO01. This confirns the predicted | oss of the

O18881S8"ance gene sequences. To confirmthe del etion
wi thin the al pha-toxin gene, a 1086 bp regi on surroundi ng
the del etion was | fi b PCl?e},lﬁl a ropriate

al pha-toxi n speci fragnment was
cl ontre ah@\/eseq&mbeddnvawqaeawngs assadmiistenefli fomedampte, by
m%lnSﬁ o Eho%tl’att Eﬁ b?' % & E‘(S’m%gﬁén bf @\'@fbiﬂwnﬁé r&{!}BQU QFblt rﬂ}anasal
oxXl| ene and the I1nsertio a sin
Parenter Q'eéUIF!FL@"e%& 2@)" ication, and@pERirgOUSRHIST aggvav@eatmrm any
stﬁmﬂ@%ﬁ! RIbW fdrn@IdtiBACE gV &) é‘d’m?&tfﬂ@b&ﬁé@érﬁj/&r @Fﬁysﬂoloéﬁ:bw

hours of anaerobic growth uots of 1nl o

a%é%*’éa% sRlng. drjotipnat éﬂF‘Pf’Pﬁf@BdV"hFﬁql‘t“@é\tP ANYPoimPEpe eghancers or
sﬁrhﬁaueqaawuﬁiateadd st pemRisteted A defic¥es.g., @eﬂjrybeéftbwvaccmauon)

PG Y e R Bt S50 R Mgt

sldtabea:befdera@alsus;berrcmg)a@mmalttiatalr@ Raewoxo thepard e rea@wtemplmjed
1 1 Th e
e 2 oo 4 PR DS U o O BB Syt o
sproyed hetoefppd petletspdusted ot eprra,yed onto corGRERHID Yraissaand the like.
9eneflk&&#%\fyonﬁt@ghﬁﬁ?fa%glsdaekﬁk%h st gt ﬁgelpseiﬁeg#t pg e
strain secretes an 1 nactivated’toxoi
therefpweorel agirstratigeris cantgmplates g onBauethod of inosulation; ET hgo
pleSBA&S ofthRIREEEMtEdnEY Fadthe 10X bRtedRited €. %‘e%néens organisms of
significant” portion of the'toxin's antigenicity wi | |

thgdnRRon S seMampiied fe otk 's%'tzeétpra@sr-ve imfiae factions it
Mol 1HRIoF tROGNSroiREANRL Badt, GRUSTRLEIES Gbt &¥mEbHaREHR! tBlgeblent

d
S{SOLARLRAOTITHY WS CopRTEIRHS on ef 1 ci ency of C
per f Formmdanss, stuclabs ddthestie wlainciding chighens, dudiawgbesmletgythe
b FleMod 'R iR HEYe AR LEERS Fou BERY REEANGN The in ovo

ngens “séquences cloned (he stian
rogm smaxenTpiifisd hm-mama@s smewszwmeomzsnmand protection
' [ re efficient reconbination
fr@%:%aﬁ%ﬁ% hg\t/‘vé&%(k:utﬁgp éva\‘/a%el 92-38.3 created as foll ows.
In the first step the E. coil replication region and the

C. perfri n9enwrsgrﬁtsane@@ese.owggccbeﬁ%g&hem shuttle
plasmd pJI R4 92);

Gened8ing tmﬁ/tﬁféquuemd&g?ﬂpa%m Rerregeding PQ%@P@& Ay gene not
nétﬁﬁdll&rlcﬁkumﬁlgené yfaieuadeb C. |Pegftinigens eptidridly lcah 3R ihsatERto the

roduced Thi s

cbPREPREL RIS G FPTdRasi FOAPIaRSSBOr PR PRI, agasdpions
cdrilbe nﬂeﬁie]whubatpramve: thessequeneds flankixgtiel @pAa-toxin yehalithe alpha-
totﬁ(g'li?r%rrﬁdtére rHJJt Egsl rﬁ%lr?gghﬁ 0 ﬁw'%rfe ?ﬁbgé p%HSrﬁgst V&{ SEhe 'chiEEe

sub-cl oned i nto the internedi ahe plasmd 1192 23. 1.

CGenomic DNA fromstrain 29 was used as a tenplate for

| ong range PCR. The region of the plc gene (al pha-toxin)

fromthe DamH site through a portion of the OPE0038

gene was anplified. The upstream p/c pr| mer, 5'

—— .~ . R .~ .= N R = R ™ A ™~ R = A g 1 P~ R 1~



In the final step the NNtermnal half of the plc gene was

cl oned via PCR The upstream priner, 5 actgagctcCTAGACAC

| WO 007AZIFEAATAL | | GGGAA 3' (SEQ ID NO  20)Pa¥ 5 atHes

to nucl eoti des 46513-46540 of strain 13 and includes

flanki ng nucl eotides and a Sac | site (lowercase). The
downstream priner, 5'

act at ccGOATTCT TATC‘ATAATCT GGATA@GT AGAACC i % m%n

S%‘i‘je hpPleasieds yeriaced itk g 196299 8899- 18888mMaining P‘é‘?‘ﬁm'des
oflthequid geﬁ@ budﬂstréérarak tHinsgRe® gén@l afke emtobfaralaﬁunddb tRédetore/ho

2363 ha i.r praod e I S _was ested, .
a2l Gl Btodicedoaereaval: el TN ong 2an GedfitEa in-
framegoiing nualeolideyseqbnaetemcbdiag|tie giphtirtaxinendtedf foBainglareaidha-

10 to produce plasmd 1192-38. 3.
toéu'bs%rﬂgﬂ?’?agﬁ‘ule’ﬁ'og rg’tg*" the region flanking the plc Dam

H sOtigonueledtide nmas darthe foredint demededrebé syntbésinédhes. gurmitb an N-

j- I, a4
45T b ST eqlent 1 6R RplchBatteetricfon st T BOR grasyety can
beglonerlisto tBe suicideagohers ther EM@ $2g and mmntgﬁrtemmsmsswnd ln frame
with e nggf thkifls sQbuehce. He%orelh Proteln is expressed ur?]clieé Aﬁ:fgtrol of

200711238511PCT/ US2007/ 009135 transtormant s/ pg of
the gehe-tPinAronpteraRd taygeted far searetiof: Bykes{g sighal sequence. The

seérefadfe mpRfleidTanbeFratBMEs ir? thd §|J§>érﬁkﬂaﬁ9(rﬁeaial B weBeddn dlot
UF@aw d |- ecél on t chni que was used after the three hour

tead of plating, 0.67 m aliquots of
cell Anyvemeatde fm‘élgd gdﬂbﬁnéﬁbéﬂm@ﬁeﬂ!%theﬁ pegtingens genome in this

m%lﬂllngr a.glp emn<Q,I ldehafgge%rg)\/\% éﬁ nh(%]atln agn %g'fporrq atho}gepﬁ of the

ahaer o on wa ecau
gasimntestlrmisrraot mectliding angd., ghtigémg peftelnsm haectegastickBsai n

2 t
c5 oSSR E e Sl HE B Lo Bl b LB S
- agligapioproteips ef par@ﬁit%s%das eimeria spesion seeperasplesiesi on
c%id%boh&iufﬂr om ﬁk@ Qﬁ@ﬁpgééﬁ@ﬁroté\mg‘%f ﬁ éet%esuch as

col oni es es were non-
rormn@péo@prgna\ﬂ@@ew@ th|¢e! ey @mrﬁeetopnqu mefrgm@a ed with
s@c5\ Q%dﬁm&hé&f@fﬁé?ﬁmbe% @ﬂ%rﬁx@m% th8t Ry BeYdpreyaeaity such

g at es. col onies were ery CI n sensitive but

onl
é"%‘?a@ﬁ P@UFGH?’&%‘“WA’Q%H?’@PEH% 1Pleig? ot RRtidesy Optipnally, these
mbmkﬁr‘geptldlég&AEréBnddmwduem@ﬂ&dgme%al bR, atvhldiing Sefil

CPERFQ h a/
g €GB S peE gt or s dR e RN M banc
was ©nelsueh G barfnng@?a:mnsespbexbregpdsahd chickem Wi-1l 8 protpim.
- i I
AhuPaioh <f e bECISHE BntRL he gL aleth il MERTRAREY &
theraRr0io 2iosria of k- 18 inbavtie Sﬂ.'tr)@h gepelstively inrogndys fqﬂ)m host animal by
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A homology ptasmid vector 1162-55-20 useful in the construction of C.
perfringens alpha-toxin deletants was created. The plasmid incorporates several
important elements; the replication region from the E. coli plasmid pUC18; the C.
perfringens chloramphenicol (catP) and erythromycin (ermBP) resistance genes (both
of which are also expressed in E.coli); and a C. perfringens alpha-toxin gene (p/c)
inactivated by a specific deletion of 9.amino acids. Plasmid 1162-55-20 was created in
several steps, as follows.

First the plc gene was cloned from a recent avian isolate of C. perfringens (strain
CP6). The sequence of C. perfringens strain 13 (Genbank NC 003366; SEQ ID NO: 2)
was used to design oligonucleotide primers to be used in the cloning of the pl/c gene.
These and all subsequent primers were obtained commercially form Sigma Genosys,
Woodlands, TX. The upstream primer located within the yp/c gene (CPE0035), 5
AGCTGCATAAGCAAAAGTTCCAACTC 3’ (SEQ ID NO: 14) corresponds to
nucleotides 47675-47700 of strain 13 (SEQ ID NO: 2). The downstream primer located
within the cobW gene (CPE0037), 5 GCAGAAACTCTTCTTAGACCTATTCTTTTAGGC
3’ (SEQ ID NO: 15), is complementary to nucleotides 50597-50629 of strain 13. These
primers were used along with genomic DNA from C. perfh'ngens strain CP6 in a long
range polymerase chain reaction (PCR). A product of 2955 base pairs from the
upstream ypic gene through the downstream cob W gene was predicted from the
known sequence of strain 13 (as illustrated by FIG. 1). The alpha-toxin promoter,
signal sequence and plc gene (CPE0036) coding sequence are contained within this
fragment, i.e. between the upstream yplc gene and the downstream cob W gene. The
PCR 2955 base pair fragment was then cloned into cloning vector pCR-Blunt
(Invitrogen Corporation, Carisbad, CA) resuliting in plasmid 1162-52.1. The nucleotide
sequence of the plc coding region of the 2955 base pair fragment of strain CP 6, was
determined from this fragment (SEQ ID NO: 22; and corresponding polypeptide is SEQ
ID NO: 23) and was shown to be substantially homologous as that of the p/c 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 Hl
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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retains the E. coli replication region, but unlike pJIR418, it does not contain a C.
perfringens origin of replication. The plasmid is thereforé capable of autonomous
replication in E. coli, but not in C. perfringens.

in the next step the C-terminal half of the p/c gene was sub-cloned into the
intermediate plasmid 1162-45.1. Digestion of plasmid 1162-52.1 with Bam HI and Eco
RI released a 1742 base pair fragment containing the C-terminal portion of the alpha-
toxin gene from the unique Bam HI site located with in the p/c gene downstream
through the cob W gene to an Eco R site located in the multiple cloning site of the
parent plasmid. The 1742 base pair fragment was cloned between the Bam HI and Eco
R! sites located within the multiple cloning site of plasmid 1162-45.1. In the resulting
plasmid 1162-53.7, the C-terminal half of the p/c gene is in the same transcriptional
orientation as the catP and ermBP genes of the parental plasmid.

In the final step the N-terminal half of the p/c gene was cloned into the unique
Bam HlI site of plasmid 1162-53.7. This was accomplished by creating a PCR fragment
derived from the alpha-toxin gene sub-cloned in plasmid 1162-52.1. The upstream
primer, 5’ ggatccAGCTGCATAAGCAAAAGTTCCAACTC 3’ (SEQ ID NO: 16) was
identical to the previously noted yplc primer (SEQ ID NO: 4) except that a flanking Bam
HI site (lowercase) was included. The downstream primer located within the alpha-
toxin gene, 5’ ggatccaATGCATTCTTATCATAATCTGGATAAGTAGAACC 3' (SEQID
NO: 17) was complementary to nucleotides 48824-48857 of strain 13 and included a
flanking Bam HlI restriction site and a spacer nucleotide to maintain the reading frame
(lowercase). The Bam HI fragment resulting from PCR with these primers and plasmid
1162-52-1 template DNA was cloned into the unique Bam HI site of plasmid 1162-53.7.
A plasmid containing the two plc gene regions in the same transcriptional orientation
was isolated. This plasmid 1162-55.20 contains the p/c gene with the desired nine
amino acid deletion and the addition of a leu residue 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 p/c 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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When this plasmid was transformed into C. perfringens it is unable to replicate
and does not survive. However, if the transformed bacteria are placed under
chormaphenicol and/or erythromycin selection, the plasmid DNA can be forced to
recombine into the bacterial genome via homology to the pic gene. The resulting
recombinant bacteria is termed an integrant. The integrant contained a copy of the
introduced homology vector that was integrated at the p/c gene locus. Thus, the
resulting integrant contained two copies of the p/c gene, the original normal copy, and
the introduced deleted version. The introduced resistance genes were located between
the two copies of the plc gene. When antibiotic selection was removed from the
integrant, recombination occurred between the two copies of the plc gene. This
recombination event can produce one of two outcomes. In both cases, the DNA
intervening between the two copies of the plc gene (including the resistance genes) has
been removed. In the first outcome, the normal p/c gene was restored, resulting in
recovery of the original parent strain. In the second outcome, the normal pl/c gene is
replaced by the deleted copy, producing the desired alpha-toxin deletant construct.
Since the alpha-toxin of the deletant strain is inactivated, this strain was non-hemolytic.
Therefore the desired deletant integrant was identified by screening for non-hemolytic
clones on blood agar plates.

Because the recombination event resulting in the desired integrant was expected
to occur at a low frequency, it was critical to employ parent C. perfringens strains
having high transformation efficiency. Therefore several recent avian isolates of C.
perfringens were analyzed for transformation efficiency. The isolates were transformed
with the shuttle plasmid pJIR418 as described by Allen and Blaschek (Applied and
Environmental Microbiology 54:2322 (1988)) with slight modifications (described
below). Strain 1240 exhibited the highest transformation efficiency (see Table 1), 9.2
x108 transformants/pg of pJIR418 plasmid DNA. This strain was chosen to be the
parent strain for construction of deletant CPERF001. Strain 29 was chosen to be the
parent strain for CPERF002.

Table 1
Transformation Efficiency of C. perfringens Avian Isolates
C. perf. A Strain Transformants/pg of pJIR418
29 3.6 x 10¢
23 5.6 x 10?
1220 4.0 x 10°®
1240 9.2 x 10°
CP-2 None
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resistance and 50 microfarads capacitance. Immediately after electroporation, cells

were diluted with 2.0 mi of pre-reduced tryptic soy yeast cysteine media ("TSYC" was
prepared as 30 g tryptic soy broth, 5g yeast extract, 0.5 g cysteine, 950 ml water) and
incubated for three hours at 37°C in an anaerobic jar. After the recovery period,
dilutions of cells were plated on TSYC + 25 ng/ml of chloramphenicol plates. These
plates were incubated at 37°C overnight in an anaerobic jar.

After overnight growth, an average of 50 chloramphenicol-resistant colonies per
microgram of 1162-55.20 DNA was observed. Single colonies of seven putative
integrants were grown up in nonselective TSYC media for four successive grow outs
and plated onto nonselective blood agar plates. One of the non-selected stocks, 1192-
31.7, exhibited several non-hemolytic colonies. Twenty-one of these non-hemolytic
colonies were patched to nonselective master plates and replica plated on TSYC +
chloramphenicol plates. Two of the 21 colonies were chioramphenicol sensitive.

One of the chloramphenicol-sensitive putative 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 chloramphenicol and
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sequences.

To confirm the deletion within the alpha-toxin gene, a 1086 bp region
surrounding the deletion was amplified by PCR using appropriate alpha-toxin specific
primers. The amplified fragment was cloned and sequenced. Sequencing results
confirmed the deletion of the nine amino acids from tyr 62 through trp 70 of the alpha-
toxin gene and the insertion of a single leu (see FIGs. 2A-2C).

CPERFO001 was assayed for expression of the inactivated alpha toxoid protein.
After 6 hours of anaerobic growth, aliquots of 1ml of cells were collected and
centrifuged. Fifteen microliters of the unconcentrated supematant media were
analyzed by polyacrylamide gel electrophoresis and subjected to Western Blot analysis
with a rabbit polyclonal 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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was predicted to result in a more efficient recombination step. The new vector was
1192-38.3 created as follows.

In the first step the E. coli replication region and the C. perfringens resistance
genes were cloned from shuttle plasmid pJIR418 (Sloan et al, Plasmid 27, 207 (1992);
Genebank M77169). Plasmid pJIR418 was digested with restriction enzyme Ndel.
Ligation of the large fragment produced plasmid 1192-23.1. This plasmid lacks a C.
perfringens origin of replication, but unlike the plasmid 1162-45.1 that was constructed
in Example 1, it retains the entire multiple cloning site of pJIR418

In the next step the C-terminal half of the p/c gene was sub-cloned into the
intermediate plasmid 1192-23.1. Genomic DNA from strain 29 was used as a template
. for long range PCR. The region of the plc gene (alpha-toxin) from the Bam HI site
through a portion of the CPE0038 gene was amplified. The upstream plc primer, 5’
CTGGGATCCTGATACAGATAATAATTTCTCAAAGGAT 3’ (SEQ ID NO: 18)
corresponds to nucleotides 48880-48916 of strain 13 (Genbank NC 003366). The
downstream primer within the CPE0038 gene, 5’
actctgcagTTGTCATATCAATTAAATTAACTATAATCCC 3’ (SEQID NO: 19)is
complementary to nucleotides 51244-51275 of strain 13 and contains flanking
nucleotides including a Pst | restriction site (lowercase). A product of 2402 base pairs
was obtained and digested with restriction enzymes Bam HI and Pst |. This fragment
was ligated with the large fragment of Bam HI and Pst | digested 1192-23.1 to produce
plasmid 1192-36.10.

In the final step the N-terminal half of the p/c gene was cloned via PCR. The
upstream primer, 5" actgagctcCTAGACACTTTGCTTCAATATTTGGGAA 3’ (SEQID
NO: 20) corresponds to nucleotides 46513-46540 of strain 13 and includes flanking
nucleotides and a Sac | site (lowercase). The downstream primer, 5’
actggatccGCATTCTTATCATAATCTGGATAAGTAGAACC 3’ (SEQID NO: 21)is
complementary to nucleotides 48824-48855 of strain 13 and includes 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 HI 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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transformants/ug of pJIR418 plasmid DNA. Strain 29 cells were grown and
electroporated as in Example 2 with the exception that a liquid selection technique was
used after the three hour recovery period. Instead of plating, 0.67 ml aliquots of cells
were diluted into 12 ml of TSYC + 25 pg/ml chloramphenicol and grown overnight at
37°C in an anaerobic jar. This modification was used because of the lower
transformation and plating efficiencies of strain 29 versus 1240. After overnight growth, -
cells were diluted again in selection media. Cells from the second grow out were then
passed five times without selection prior to plating on blood agar plates. None of the
colonies from the blood agar plates were non-hemolytic. Two blood plates were then
replica plated to TSYC, TSYC + 25 ug/ml chloramphenicol and TSYC + 50 ug
erythromyéin plates. All colonies were erythromycin sensitive but only one of 130
colonies was chioramphenicol sensitive. This colony, 1192-45.4B, was renamed
CPERF002. PCR analysis of genomic DNA from CPERF002 with alpha-toxin specific
primers showed a positive band for alpha-toxin. This band was smaller than the
corresponding band from wild-type strain 29 DNA. Primers specific for the
chloramphenicol and erythromycin resistance genes failed to amplify CPERF002 DNA
but showed strong positive bands from plasmid 1192-38.3. Sequencing of the
CPERFO002 alpha-toxin confirmed the nine amino acid deletion (see FIG. 3).

CPERF002 was assayed for expression of the inactivated alpha toxoid protein.
After 6 hours of anaerobic growth, aliquots of 1ml of cells were collected and
centrifuged. Fifteen microliters of the unconcentrated supematant media were
analyzed by polyacrylamide ge! electrophoresis and subjected to Western Blot analysis
with a rabbit polyclonal antibody directed against recombinant alpha-toxin protein
(Vaccine 11: 1253 (1993)). The results showed specific antibody reactivity with a
protein of the expected size for the alpha toxoid protein.

CPERFO002 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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The CPERF001 and CPERF002 deletant vaccine strains described in Examples
2 and 3 were evaluated for their ability to provide protection against challenge with wild-
type C. perfirngens. The first part of the study was designed to determine if the
administration of the live vaccine strains had any adverse effect on the hatchability of
embryonated eggs. The assignment of experimental groups and the safety results are
described by Tables 2

TABLE 2
SAFETY RESULTS
Group* Vaccine (dose)*™ Number of Eqgs
Hatched (%)
1 CPERF001 (0.8 x 10%)* 18 (90%)
2 CPERF001 (0.8 x 10°) 17(85%)
3 CPERF001 (0.8 x 10%) 11 (55%)
4 CPERF001 (0.8 x 10°) 16 (80%)
5 CPERF002 (1.9 x 10°) 16 (80%)
6 CPERF002 (1.9 x 10°%) 17 (85%)
7 CPERF002 (1.9 x 10%) 14 (70%)
8 CPERF002 (1.9x 10°) 12 (60%)
9 Strain 1240 (1.5 x 10°) 16 (80%)
10 Strain 29 (3.7 x 10°) 13 (65%)
11 Media Controls 19 (95%)
12 Uninoculated Controls 18 (90%)

* 20 eggs per group
** 100 pl dose given in ovo at 18 days of embryonation (IM)
*Titer per dose is measured as colony forming units (cfu")

At a dose of 10° or less (groups 1,2, 5, and 6), hatchability in these groups was
not significantly lower than in the group inoculated with media only (group 11) or the
group that was not inoculated (group 12). At the lowest dose CPERF001 showed the
same hatchability as the media control and better than the uninoculated 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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Scoring with minor modifcations is according to Charles Hofacre, D.V.M., MLA.M., Ph.D.,
University of Georgia, Poultry Diagnostic and Research Center, 953 College Station Road,
Athens, GA 30602,

Five (5) birds from the unvaccinated control group (not challenged) were
necropsied at the end of the study to confirm there was no exposure to C. perfringens

during the course of the study. The results are presented in Table 3.

TABLE 3
TREATMENT GROUPS FOR PROTECTION* RESULTS
Group* Vaccine In-ovo Days of age at Challenge
Vaccine with C. perfringens N | Mean
Dose (cfu) =

1 CPERF001 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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I‘hls 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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O gani smAccessi on No. Date of Deposit Costridium
perfringensPTA7364February 7, 2006 CPERFt haToxi n 365- 054
CMESIPT %3 per fri ngensPTA7365February 7, 2008CT/US2007/009135
CPERF/ aci Toxi n 365-053 WE CLAIM 1. A nucleic acid
nol ecul e that encodes a substantially nontoxic rmutein of
Cl ostridiumperfringens al pha-toxin; wherein the nutein
al pha-toxin conprises the am no acid sequence of SEQ ID
digense caysasPIe- PeF¥Igersconsecut i ve ami no acid resi dues;
wherein one of the deleted am no acid residues is H1s68;

wherein the nucleic aw‘ﬁﬁgﬁkses the nucleic

aci d sequence of SEQ I )G Thucl eot i des

CRfiGred ¥ tind fdlIB®ingUIsIbIeRabfiate rRESIHARCBed Gepiliteti &dth thBdollowing
in the del eted nucl eotides are replaced by a

.V\/nerﬁ | ]
IMG/OPEARY! §EPEY M ¥nce encoding a single Leu residue. 2. A
substantially nontoxic nmutein of Costridiumperfringens

- LOX| s 10 [ t 0xi i
PRI auBEL SIS BRI QeI BY BRI Rhabbis. ve
201128209, V-6 Antinderawinditiossittiatewmtistritie whasirsimends of tie Buriapest
THEIS bR SIFtERafish 4 R‘e%gbﬁft'iSﬁ 8&&1&15%&&& SFMickif g ShiSme f8he

consecutive amno acid residues that range. from Tyr62
Pumasggef Papzd Pregeslugl et ed and repl aced by a single Leu

resi due. 3grgdmisat t enuat ed Agt&ssidd HbUM PPbid 9SSt

or gagissMdigPeringess by i nt egpaArses the npebbsy AC20b6
nol eCWERPOABENMANRE554Cl ains | oW 2 into a chronpbsone of
a non-attenuated C ostridium perfringens organism 4 .
The ealdstidiarhg@richgsitg | di um pePTATBEERNS or galviuafy Pf2adeai m
3 t hePERF/a4PotiaBbbasly nontoxic. S . The attenuated

Cl ostridiumperfringens organismof claim3 wherein the
nucleic acid nolecule is located at a position on the
chronosone that is honol ogous to the | ocation of a

nucl eic acid nol ecul e encoding a w |l d-type a/pAa-toxin
present in the non- attenuated C ostridium perfringens.
fs... The attenuated C ostridi um perfringens organi sm of
claim5 that is a type A dostridiumperfringens. T.,.
The attenuated C ostridi um perfringens organi smof claim
3 wherein the non- attenuated C ostridium perfringens
fromwhich it was constructed was isolated froma host
animal that is either a mammal or an avi an.
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5 . The attenuated C ostridium perfringens organi sm of
claim7, wherein said mammal is selected fromthe group
consi sting of bovine, ovine, and porcine. The
attenuated C ostridium perfringens organi sm of cIain17
wherein said avian is a chicken, a turkey, a goose,

C n, a dove, a pigeon, a grouse, d
@g’ %R_’agg%%ne conprising the attenuated C o f}fug%é#,!bogqgs
perfringens organismof claim3. 11. The vaCC|ne of ‘
claim 10 further conprising one or nore of the follow ng:
a pharmacol ogi cal |y acceptabl e buffer, excipient, or an
Al ovam:: 12, An attenuated C ostridium perfringens
organismof Claim3 for use in a:vacci ne agai nst necrotic
enteritis. An aninmal feed that conprises the vaccine of
claim10. 14. The attenuated C ostridi um perfringens
organismof claim3 that conprises at |east one gene
encodi ng a non-C ostridium perfringens pol ypeptide. 5
TheA afutoleic atobdl niblestlei kiat mnpedds iangeintamtiajignmantoxié eligirmof
ostadiern pediingersnalpGhdsting ehersip nid mutgiansip haltyxie poirgeises
itee aminm abidciegueate pdSESE D IN(2:. 3 mikus ahieast & eooseaidive amino
Glck tasidlieanwpersiin ong oh $heodejettidsamiob apichresidiEsyil dtists;n whieeesin
rfo@ bucleisracid mudeoptreporprisasstha muglgicaacid sequenel ofHEQ ID NO: 2
powhielptnudeotidas 20R<%4t ok theanudelC! agid radiuenep aré rdatejedisand
ovheaeindhe deletacanunledsidas @re replades moa bacleelideasequenge epcddieg
issingledglaasigee.ypepti de. 18. The attenuated C ostridi um
perfringens organismof claim:Ila-wherein the
nonbacteri al polypeptide is a cytokine. The attenuated
d ostrldlun1perfr|ngens or ani sm_of cIa|n1IS wherejn the
tA RV ptantially opjaxie 'F"Eteir8° Q@Smﬂ’%f’ S| E Py] e ”
ahe rPé‘I’te Q’Ph é%x“bé’é’ﬁ‘ﬂﬁ'é?ﬁ rﬂ&? %:L t éﬁq Cﬁ L

éfyf ﬁ %?n one 0 d
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sin e i

idue
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(a) contacting a fluid sanple fromthe aninal with an

anti body that selectively binds to an epitope found in

C ostridiumperfringens al pha-toxin but mssing fromthe
substantially nontoxic nmutein of Costridiumperfringens
al pha-toxin of claim11l; wherein said antibody can '
di ti ngui sh said substantially nontoxic nmutein froma wld
t\ﬂyﬁ'e? /d33850di um perfringens al pha-toxin; anRCT/US20qA#)09135
determ ni ng whet her the anti body reacts vvlth the fluid
sanpl e; wherei n when the anti body reacts with the
fluid sanple, the animal is identified as one that has
been naturally infected by a dostridium perfringens
organism 21. A Clostridiumperfringens organismthat is

@ERE/ X BRI Qr\ﬁlf b J ‘ﬁg grating
e e

4 . The attenuated Clostridium perfringens organism of claim 3 that is
substantially nontoxic.

S . The attenuated Closfrfdrum perfringens organism of claim 3 wherein the
nucleic acid molecule is located at a position on the chromosome that is
homologous to the location of a nucleic acid molecule encoding a wild-type
a/pAa-toxin present in the non- attenvated Clostridium perfringens.

b.. The attenuated Clostridium perfringens organism of claim 3 that is a type A
Clostridium perfringens.

1. The attenuated Clostridium perfringens organism of claim 3 wherein the
non- attenuated Clostridium perfringens from which it was constructed was
isolated fromn a host animal that is either a mammal or an avian.

& . The attenuated Clgstridium perfringens organism of claim 7, wherein said
mammal is selected from the group consisting of bovine, ovine, and porcine.

9. The éttenuated Clostridium perfringens organism of claim ] wherein said
avian is a chicken, a turkey, a goose, a duck, a swan, a dove, a pigeon, a
grouse, or a partridge.

10. A vaccine comprising the attenuated Clostridiurn perfringens organism of
claim 3.

11. The vaccine of claim 10 further comprising one or more of the following: a
pharmacoiogically acceptable buffer, excipient, or an adjuvant.

2. An attenuated Clostridium perfringens organism of Claim 3 for use in a
vaccine against necrotic enteritis.

I3 . An animal feed that compnses the vaccine of claim 10.

14 . The attenuated Clostridium perfringens organism of claim 3 that comprises
at least one gene encoding a non-Clostridium perfringens polypeptide.

|5 . The attenuated Clostridium perfringens organism of claim 14 wherein said
non- Clostridium perfringens polypeptide is a non-bacterial polypeptide.
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Vb The attenuated Clostridium perfringens organism of claim |5 wherein the
nonbacterial polypeptide is an avian or mammalian polypeptide.

i"7. The attenuated Clostridium perfringens organism of claim | &6 wherein the
nonbacterial polypeptide is an avian polypeptide.

\B. The attenuated Clostridium perfringens organism of claim .l bwherein the
nonbacterial polypeptide is a cytokine.

] . The attenuated Clostridium perfringens organism of claim |® wherein the
cytokine is chicken IL-18.

20. A megthod of identifying an animal that has been naturally infected by a Closfridium
perfringens organism from one vaccinated with an attenuated Clostridium perfringens
organism, said method comprising:

{a) contacting a fluid sample from the animaf with an antibody thai selectively binds
to an epitope found in Clostridium perfringens alpha-toxin but missing from the
substantially nontoxic.mutein of Clostridium perfringens alpha-toxin of claim 11; wherein
said antibody can dié'ﬁnguish sain;[ substantially nontoxic mutein from a wild type

' Clostridium perfringens.alpha-toxin; and
{b} determining whe’iher the antibody reacts with the fluid sample;
wherein when the aniibody reacts with the fluid sample, the animal is identified
as one that has been naturally infected by a Clostridium perfringens organism,

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

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