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[ 1l *159159* | RunC peptides with antim crobi al
. activity The invention relates to them,\

2 and, Rurcs wiih antimero i ot iy
i solated from Rumi nococcus gnavus El. Certain

bacterial strains have the capacity to rel eas&™
substances with a bacteriostatic or bactericidal
effect  AGnONpLHEifeEOWPEh bALImi IRBES NG CL QDI al
subst ances TWHY De of —orgarm T mature, Tor—exatpre=
organi c acids or hydrogen peroxide (Ross et al., Int.

Iheont M T abi BE1at 8, 3 khe 200201 Qs OkuReRt | @8mc2 and
nat yre. Enﬁlymatl cal.l % bS%gt hesi zed anti m crobi al ]
peptided*tRat SP6F M ERECEPass 2 E518F C¥nt | BRBt i @8SP Mgk z the
gterals, , cOdimg Qfior. Ehreme Bippdptides 543:d5L,scdi@FEd  from
i . =pin. Chem Biol. 3, 598-606,
1%%%1)&&%5% t%lsaog#aﬁrl%/l produced peptides that form
the class of bacteriocins (Jacob et al., Ann. Inst.
Rastauh (20 S)i 8t 52241424 h1 0Dl 82520, 81500 reiease
di stingui shed. Bacteriocins are arousing I ncfeasing
[ LS Witd: WoPRECBFipateat ehocandacHGusCiyalt ledifect
mirghthpi ovi élémpat i eppal | VEnSH UtdoSnid-dhes Us@ st ances
a%ti kﬁigot i_csb 25 especially £ in reari (Luchansky,
RiZoni%e Sfan°TEeBulieArGER 76, %%5‘?}{31‘%57 eFeartrvaRiees or
dlydroBiepc hriemice:i B4, (IB93s 684, a2002Int . MENY Faeke Mml-ogous 1 .
press{on t-8s these . 30 .bacteri oci ns,_have hee
gl)eév'el‘%p%e_% i ?br%gge'n,t 8%e_a$r]§ Srﬁbgsgrtl%\%ﬁll"a“r; S st S LY
YOGS iz§Setatdt il CToppl | PeBAYHREN. tIMcr Dbil the7@lass
A7 24680,02004) (Mawe- expressedoyatd amsi of cpem. Biol.
nmesepyricl Ié%S - a g(: ass lla bacteriocin pr oauced by
Leucdnost ot’ mesentier 6tded™95 Subsy.- 'meSBRFer FRfgs: Chem.
BLOGS,. | 3, LelnaEiOCc ne3eN) er okd@s ribosomally produced

peptides that form the class of bacteriocins (Jacob et

al., Ann. Inst. Pasteur (Paris) 84, 222-224, 1953) are

also distinguished.

Bacteriocins are arousing increasing interest in the
world of research and industry; they might provide
alternative solutions to the usge of antibiotics,
especially = in rearing (Luchansky, Antonie Van
Leeuwenhoek 76, 335, 1999; O’Sullivan et al., Biochimie
84, 593-604, 2002).

Many heterologous expression systems ot these
bacteriocins have been developed in recent years. In
particular, Morriset et al. (Morisset et al., Appl.
Environ. Microbiol., 70, 4672-4680, 2004) have
expressed variants of mesentricin Y105, a class IIa
bacteriocin produced by Leuconostoc mesenteroides
subsp. mesenteroides Y105, in Leuconostoc mesenteroides
subsp. dextranicum DSM20484. Similarly, Flynn et al.
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subsp. dextrani cum DSM20484. - Sim larly, Flynn et al.
LM IEEEEErEr et ettt rH T *co0002* 2
(Mcrobiol., 148, 973-984, 2002) achieved the
expression of ABP-118, a class |ib bacteriocin
originally produced by Lactobacillus salivarius subsp.
salivarius UCCLl18, in the hosts Lactobacillus 5

pl antarum Lactococcus |lactis and Bacillus cereus. In

n, -several, tests v een nducted tao

33%F%§% bacterlgcf%s in ?ﬁ Sggcterggﬂgé ch&¢fvEcol ithe
EMpCessiicin et oal . AFPPL18 Envia oncliser obiDhb. , Wedtedlizicin
1054266,11 ay nyir

éébblo %9%§%3§§%§§2 é§ﬁ£5g5§ﬁﬂg%é$ Flggarlus subsp.
maérlmrdws 14K3C1123845 2854, 1598; Wositer etlamtobacillus
6ﬂﬁbta5@ﬁ [ QrctddIQh Aac £ 54 ardd-29-1 1998: B char d
et al., J. Bacteriol., 186, 4276-4284, 2004; Kl oche
et al., Appl. 15 Mcrobiol. Biotechnol., 67:532-538,

ZﬁOdedhh&omeaSTse\@aQQhalt@@t@S ICRFLVinH e (COFhRRITNY  to
647-6

I t 9 Vi R t  al
Eipllepe (6% ar 01,8475 000, 1998, Vo0, Secnen Chal 1o
|(¥eCoemackd ethact er |P@réRodEngmeznet Makxrpblint.. ,J64Foad 57 -
l>x"7C<‘>'f60b'1Cﬂ9a @Qfﬁgaulgl 316 219;8@3 : M%QX QBUdh"lﬁs‘*r%%\ﬂ%L

been Eer orned for e ‘pur enti
ﬁdvellﬁégf PP8ci nd08hd f%%ebro@UC|¢k}fti%%ﬂ?OblOl 144,

ba@serzlse@,ns 1868 The M JgLeeSﬁl Vemtewé]gzlst emA&oﬁ}LOY "%vqfron.
ndant and, X n1cro conbi ni ng

@EEFQ lgq yeaqg' gX %@che &257hi SIF‘BTDI otk |§* S

8sseririialll.y drteer obms angld , baooer;i Klafchidesgearr a Appl.

pacleraldes. sRubachaph um 30, EL95E5L0! Wihos) + hhey, yeast

M NOoCOoCCuUs, acferlun1and uso
@,ergmws(gglgne@Lsaae, (§sploeman et al., Yeast, 15,

647-65¢6, 1999; Van Reenen et al., Int. J. Food
Microbiol., 8%, 29-40, 2003) and in lactic acid
bacteria (Rodriguez et al., Int. J. Food Microbiol.,

80, 101-116, 2003).

Many studies have thus been performed for the purpose
of identifying novel bacteriocins and for producing

these bacteriocins.

The digestive ecosystem is formed of an abundant and
very complex microflora combining bacteria, yeasts and
Archeae. This microbiota is essentially anaerobic, and’

bacteria of the genera Bacteroides, Eubacterium,

Clostridium, Ruminococcus, Bifidobacterium and
Fusobacterium are mainly found (Suau et al., Appl.
Environ. Microbiol. 65, 4799-4807, 1999) . The

microflora has a major impact on the health of &the

~host. It 1is especially involved in the toxification and

detoxication ‘of metabolic compounds derived from food
(Hughes and Rowland Microbial Ecology Health Disease 2,

175-185, 2000). It is alsoc capable of modulating the
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" Environ. Mcrobiol. 65, 4799-4807, 1999). The

m croflora has a major inpact on the health of the -
host. 1z is especially involved in the toxififation
and 35 detoxication of netabolic conmpounds derived
fromfood (Hughes and Row and M crobi al Ecol ogy

Heal th Di sease 2, 179-185, 2000) . It is also capable
of nodulating the 3 expression of enterocytic
functions (Bry-et_al.,  _Science 273, 1380-1383, 1996; .
P OBer et al .- SCTARYEoPeC, GaEGEA D00 Bt al
Bcaagilog, 273 pl 4y 0a 1BGAdankAPal; Hobmer neprotkcti Mgienc
blg M0Sksa0RLAST JoBaST G by By potentialy RAIN0GEMG a1
exogenous bacteria (Ducluzeau et "al.5 Mwcrobi al
E€dFogytandPTREeSt il Fhfectictis, a9®Bast Foasvesiah. , by
Mogeokiiah 16C J00bddnhidealidyaneuDd sgaser2s  (2He1248au et
2000) . .10 Am)age known ant estinal pathogens is

L

ong th

&rost MET TR PeiTIRFEh LY SPFREFEYPaAndBLasitaons, 1988;
Boars pasiali ve Mimacterd luBcathdgh s Hapabheadl Disecase 2,

rul,ati d which is very wi despread in the -
2%\% r%g%ﬁe%t%.oe&lihi s pathogen may arise from food, but
may al so be present in |low 15 concentration in the
infHogRf | BReANEnSRY bEA dbil0na Pr Obd £1850 8 and. ¢ %’l%escfzﬁtcﬁ um
toxins under the effect of a stress. The strains of
GFLHLGIETR per & | nGERSt &reY ¢l 8B3PFPRACI nt FrRy@ositive
exitROUYRES WAt i filencidmbiod dhespbexiasihhexnpr @duee s
Petit et_al_, L%Frend Mcrobio' . 7, 28[, 104- 110, 1999)
VeTie WIS & BT 1 TRUGRSTBP Ey p RS andchpgen may

‘resEensitirosm f doogast boitnt estyl nall st séaseprigseran.inl N low

LaAbeliGe Lhan 245 000 canessaf Jnfeal) oyt Npelyy oo
perfringens were recorded in thé United States. THi's
PE@ LS SrlRé Sh @St thal iSARtEe ofoRinpevpiier sheemfdbchhom 2
5 rdised (Mead etralins EBEr9CIloMtoaldi ddl S pdr BHGeRRS, are
1 9%)5,"%1_55 st rai stgf _C, .per,rfrleg:?ens of 1type Aand C_
dEIFES AT Vel YS ERETCRISETT necPotiH et i of s the
toxins they produce (Petit et al., Trends Microbiol. 7,
104-110, 1999). The strains of C. perfringens of type A
and are responsible for gastrointestinal diseases in
man. In 1997, more than 245 000 cases of infection with
C. perfringens were recorded in the United States. This
led to the hospitalization of 41 people, seven of whom
died (Mead et al., Emerg. Infect. Dis. 5, 607-623,
1999). The strains of (. perfringens of type A and C
may be, respectively, the cause of necrotic enteritis
in pigs and poultry. In poultry, necrotic enteritis is
a rapidly-evolving acute pathology whose mortality may
reach 1% to 2% per day. In addition to its incidence on
the well-being of the animals, this pathology may thus
have an appreciable economic influence. Up to 1999,
this disease was satisfactorily controlled by the use
of antibiotics as growth factors. However, the European
Union has banned their use in animal feed for fear of
selecting resistant bacteria and thus of reducing the

efficacy of the antibiotics in man. Since this ban,
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in pigs and poultry. In poultry, necrotic enteritis is

a rapidly-evol vi ng acut e pat hol ogy whose nortality may

30 reach 1% to 2% per day. In addition to its

i ncidence on the well-being of the animals, this

pat hol ogy may thus have an appreci abl e econom c

influence. Up to 1999, this4di sease was

satisfactorily controlled by the use of antibiotics

as wt h factors. Howeve Euro ean 35 Union has |

R G Ena Ao T SHrTET  Phol Por TE gt P da g 7

pegbsbmd ﬁnuimwvalandotmmhgﬁvrmmmmrngohheoleﬁhl@ampon.
hg%ﬂgngloilgé L NEO.; 21-0G€ Hh' hQanReseaQegéﬁglonal

enterl I's-cadsed y osfrl |un1perfr|ngens in pig

an@bseiverty ons anndﬁg\éplggd@rue@on@nolAvx\ctEm@p@ (RN@A)

3%@@%@‘316@@§§%?§F|QH%}égsgimc5§§§§Hr5€§yoq§1 1999 and
hservati ons dem ol ogi ques_en Avi cul ture ( RNCEA

50PRFS8AL PP&@HYag% Lstdre g8t @ohstderantsyr 130099

and 2000 (Val ancony, Bulletin des GIV 12, 9-12,

01).. At the present tine, .the search f al t rnatlve
B30 ul5hs FOTSSBntr P TENg SHLF (rSSETHD ¢ AP dPdeErdate ve
80luhusnsf g neeytrapdibaneed %mnauxmgCUBlgndvsease is

ri Gt ium belonging to the
g%l ﬁqoky %%%ﬁgggiggggggﬁ{n the order of
Clostridiales. Dabard et al. (Appl. Environ. 15

Mu%ﬁ@l@c@oou567gnéﬂ=éé 41185 ?sQO"]a)c tSRovedathgbith %actorlum
g ain Runln%ggcc S_ghavus isolagted fromth
(0]

CRIATS 4%r ?ﬁﬂryl%—CQBSBPQSBFrBFOGSCPﬁgt § order
alft i N Loobi a1 a3abst ametarkhowa:as alum NEEPETin Ardfiron.

RUBolCh Scoumiatesdn Lhe, ULLULESURSEN ANt o;

, 0 'bact’eri’oci n bel ‘ongi g t G
Ramiingicocicess, gagtviuge é@aungwowﬁﬁqnmlsxmaumgaﬁ dominant

BabRagen Cnalll Oskr b@b‘é@lshp of0PBEa8Ltias- abdantimicrobial
Bacteriol ., 184, 18- 28, 2002) have shown that the

SXPPESECEN of TG Res 2Si NPV die B oSyt R8s ofvhich

Bl Ge@sN ArnS the culture supernatant. It is a
bacteriocin belonging to the family of lantibiotics,
active against various strains of pathogenic
Clostridium sp. Gomez et al. (J. Bacteriol., 184, 18-
28, 2002) have shown that the expression of genes
involved in the biosynthesis of ruminococcin A 1is
induced in the présence of trypsin. The same authoxrs
also showed that certain digestive enzymes might

inhibit the induction of RumA production.

The  inventors thus became interested in other

bacteriocins.

The present invention relates to the peptides RumCl,
RumC2 and RumC3 with antibacterial activity against

Clostridium perfringens, ancd also to.the genes coding

for these peptides.
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25 induced in the presence of trypsin. The sane
authors = al so showed that certain digestive enzynes
m ght inhibit the induction of RumA production. The
inventors thus became interested in other 30
bacteri ocins. The present invention relates to the
peptides RunCl, RunC2 and RenC3 with antibacteri al
activity against dCostridiumperfringens, and also to
nes codi 35 for these peptides. 1 5
%é¥%b LB qflkne Sodus SSEQ ID No. 1: Conserved
pepti de sequence of the RunC peptides of Rum nococcus
vusp Elyos SEQ R NQ.+2ig Pepgide, sequence of the. Ru
- 5f unjngboccug'dﬁgéuggﬁls SEET et the e
@ﬁﬁ%ﬁQﬁﬁNQSI%PWﬂﬂ¢¢@?C¥ﬁn@nadegrﬁuation_nethod SEQ I D .
NEo 3p Repti de seguerce Qg the-RupE pgpt hg%%al%lfe)?t&)?es of

Rum nococcus gnavus El determ ned experi nent /
1005 Efith Heyradat i ofeherRdaeSES<PErNgensalPaptiyiet he
Feguen cegafadahe qepidtteodRumC of  Rumi nococcus gnavus

| d d fromSEQ.I.D No. 7 SEQ ID . 5. Peptide .
g&%ﬁ?ﬁiﬁéﬁ—ihe*6€§?ﬂ&a%aﬂﬁi?%ﬁ “RuhinoBBEEuSFHaVES ©F
Burdeshsoey ds amBE | Bl Ndet 8rhEnSEQekpPeMametit aPept itde the

sedence Rhdhe Reptd de,RUnC3 of - Rumi nococcus gnavus
El dqduced fromSEQ ID No. 9 SEQ ID No. 7: Nucleotide

hePPRFL ey SRIUFNCRME noeocpaptghavBsnEll of
RNl Mushestidessaguence-of dhe Fyng2 gene of

Rum nococcus_gnavus El SEQ ID No. 9: Nucleotide
é%%#gﬁiﬁé#—ihepgﬁh€§egéﬁQQﬁnC?{ﬁﬁnb%%cEEEtgﬁavB§mEP of

1

" SEQiIND dNecuk0 griEbren &1l Aedxped | TRAt |iy detes maed

@%Btﬁ§?1ﬁ§9“§9053ptide sequence of the peptide RumC3 of

Ruminococcus gnavus E1 deduced from SEQ ID No. 9O

SzQ ID No. 7: Nucleotide sequence of the rumCl gene of

Ruminococcus gnavus E1

SEQ ID No. 8: Nucleotide seqguence of the rumc2 gene of
Ruminococcus gnavus E1
SEQ ID No. 9: Nucleotide sequence of the rumC3 gene of

Ruminococcus gnavus E1
SEQ TID No. 10, 11 and 12: Experimentally determined

peptide sequences

Description of the invention

The present invention relates to a peptide with
antimicrobial activity, characterized in thact it
comprises a peptide chosen from the following peptides:
the peptide of the sequence SEQ ID No. 1, a peptide
comprising a peptide having at least 80% identity with
the polypeptide of SEQ ID No. 1, the peptide of the
sequence SEQ ID No. 2, and a peptide comprising a
peptide having at least 80% identity with the
polypeptide of SEQ ID No. 2. According to one

embodiment of the present invention, this peptide also
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25 Description of the invention The present invention
relates to a peptide with antimcrobial activity,
characterized in that it 30 conprises a peptide
chosen fromthe followi ng peptides: the peptide of the
sequence SEQ ID No. 1, a peptide conprising a peptide
having at |east 80% identityéwith the polypeptide of
SEQ ID No. 1, the peptide of the sequence SEQ ID No.

' 5 t h t |
ZorE P 5 SO SLABACES SEDULASIEV L0 i

2o AgROFdENg etn@csh@er@nbgﬁu n@m oresemtpr égeantion, this
I;;A\beqtdeorborﬁ fse&epé 3&90@1&@ ErnoceRpPELSeS chie peptide ¢
Sequence S

According to anot her

é?&é’tﬁnr?@nts ItDné]Opr ésert Qfvention, this peptide
conprises a peptl de chosen fromthe pepti des of
;r%% ence SEQ | 5 The present i nvention

o FethtE %%V pbﬁ}n&cr”’&oﬁ%“eat%%drﬂgaf glynucleotide
agdimccr doiral aattimiicrppiciar actteiniized | mhadmattdnti zed in

rises ucl eot i sen e
SoTnuaeor - Koasr dif ng 15 Ang. SRe oF (A TRRudHeR The
13(9718@(9511[90[%&67 agcerdinga Yol pmicl @oti ¢ thiag sequences
hieley i1 2@5. $0 Bherpal yw%spghqa@%@adl naato A% 1S es

of the sequences SEQ
b6l ybEl eBPfLHEu’“&GBFﬁQef o?CQOEQPQEepFPdea%}é det§ n&f the

-akonencHs TheEQPIEsand. | venti or absade! at et eotide.

ex essuon Lassette, l%lgaaract rized |nt?thaat It
corrprlgses i 7 e YRS ansEr | SH T T RctIVfF a pronot er
that is functional in a host organism a

ﬁ‘?!eynBQEEQBEdell?@ﬂrg@férne%laé@\/?ﬂl%@‘ifa tyrﬁr rgrpatmgc%r9551or*

sequence I n the same host organi sm e present
IGRFERGTEN f GRRRBFCRELEFEs 3B a4 RAdct gt comprises in

transcription direction a promoter that is functional
in a host organism, a polynucleotide as defined above

and a terminator sequence in the same host organism.

Thne present invention further relates to a vector
comprising a polynucleotide ag defined above and/or an

expression cassette as defined above. '

The present invention also relates to a host organism
transformed with a polynucleotide as defined above, an
expression cassette as defined above and/or a vector as

deifined above.

The present invention relates to " a strain of
Ruminococcus gnavus depcsited at the CNCM (Collection

Nationale de Cultures de Microorganismes, Institut

‘Pasteur, 25 rue du Docteur Roux, ¥-75015 Paris) on 19

December 2006 under the number CNCM I-3705, and also to
a genetically unmodified bacterial strain in isolated

form that produces a peptide as defined above.
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conprising a polynucl eotide as defined above and/or an
expressi on cassette as defined above. 25. The present
invention also relates to a hose, organism

transfornmed with a pol ynucl eoti de as defined above, an
expressi on cassette as defined above and/or a vector
as defined above. 30 The present invention relates to
a strain of Rum nococcus gnavus deposited at the CNCM

llection Nationale de,Qultures de r 00r gani
%ﬁgtftut I%es aur. 287t (& *qt Dock_ur ﬁﬁé% S 7501 Eure or
Parinshtenid® Besenbeha2006aunddre t ki traumsey ENCMa host

b:3203cnaBd 85810 353 08N0 1,604 | ypdipurodi i ed

baCterial strain in isolated formthat produces a
pepti de as defined above. 7 The present invention

rekat gfedond pﬁw@fmcm XUl Orre_tfaQre@enE@t iapn C@H%tosition
that nay be obtaine a host ani sm or t he

DR TeNER: rodP e be e e Ront | bty SFeanisn
eelawe§ﬂne&acmb¢m5;tlen sﬁﬁﬂﬁMiSli@ adpephéede asov a

d.a e, o r ism_ _as _defined abpve i
?%Q”ﬁ aslg ef i ﬁ%ﬁ'a%%v%‘Q%steonghpﬁﬁFbﬁﬁ%ugtg ?ég above
Rosta of gameshrasodefiurdd above sbraanf esnmedthinen mistve.

abcratinhg ntascfel ingdabave. L@ Aggor fé‘&eﬁo & ention,

enbodi nent of the present |nvent|on he conposi tion
FES] FOMPRSHE 1P6 rhSort T i 1FoerE 376F AT Tie Qavesentiorm.
invention also relates to a nutritional addltlve
nprising a peptide as flned bove, a host
gﬁgan??ﬁ?%%“def'%eﬂ*ﬁﬁbvgi a sffga%“gs d%fﬁhe&ugb&5é°nal
adfietnent atamgr imistg of achbsteoraganmisMmrasi defoned a host
%Q% s%réiféﬂﬂﬁﬂﬂéﬂd JnBI ?S %?F didg P¥Es 2 oye, a

|ng to one enbodi nent o present 1 nven
tfﬁ@smaeéuaﬁl@@ &St nof| @uultP%r mr@@m*§WMe¢°femﬁ@ z@ove

bhe PresenéntaYeshi amsal S0s 1 akatiesd Qi ani ABtofeedy to
one embodiment of the present invention, the additive

is in liguid form or in powder form.

The present invention also relates to an animal feed,
characterized in that it comprises a nutritional base
for animals and &a nutritional additive as defined

above.

The present invention also relates to the use of a
peptide as aeiined above, of a host organism as defined
above, of a strain as defined above, of a fermentation
must of a host organism as defined above or of a
fermentation must of a strain as defined above for the
manufacture of a medicament, a nutritional additive or
an animal feed. According -to one embodiment of the
present invention, this medicament or this nutritional
additive is intended for preventing or treating necrotic
enteritis in poultry or in pigs. According to another
embodiment o©of the present invention, this medicament or

this nutritional additive is intended for preventing or
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characterized in that it conprises a nutritional base
for animals and a nutritional additive as defined
above. 25 The present invention also relates to the
use of a peptide as defined above, of a host organi sm
as defined above, of a strain as defined above, of a
fermentation nust of a hostgorgani smas defined above
or of a 30 fernentation nmust of a strain as: defined
above for the nmanufacture of a nedicanent, a

FEEA SN EPShaaT PEGECoPaL aR 1 SRPAREF f8eB3TAccor ding to

one enbodi nent of the present invention, this
i.ganent oL this nutritional . additive is.intended
EE%'% gsenfﬁng gr re%tlﬁ%v%%%%gFlc g% en%e}lf?% qh
p@mttwa@lew-ncmtgse Adcor dipepttigicanas hete figrtbdeirent for
otaQe_LnQ_;r eéﬁmaiQVe%tch{LdHB Stezgedtl)r(f@m%o%&meqm Sog the

nutrltlonal additive is intend for preventing or
PrEATYYy GAYEPSIRMest ThEl @ieRddsies i%F maktaEingd | ffrom e

he-apreseifoderiy i0f akserbeal af e§ti‘§1ﬁh§xogenous to the
nonthera utic..use of a B EFId efi ned above for
SIS . CACRBPARRG ¢ WHtodP he AR S0P HERE Nt

pmesenhxnmvemhamwpdduidnﬂnlﬂe obtabhadnedrbmomaa strain

S ogenous,_to t xggenous to Ih
e n T o “Shisthor “Brbodt erk SRoTREShr cent™
Eﬁ@@mﬁqH1the%ﬁﬂﬁldend§QﬂmQM$mdStrewnasn$a|@rﬁmoted

apdegenous tg thecaninginand dheoRiRduction afpdhe oqone
Aég}lde by sald endogenous strain i s pronoted.

GRHYRG t o Y&t éﬁﬁfﬁ@?—eﬁb%dlﬁ%hFlBFGthérﬁFesentStralp

|e|m‘de;rgelrmm,s t he pepid deansmbt ahned them grswtai Nor  said
gﬁgfnous to_the aninal and he gromh of said 15

enous s“ﬁgln 'S S OTtEE - Peptides The present

|nvent|on thus relates to peptides W th
Peptides

The present invention thus relates to peptides with
antimicrobial activity. Preferably, these peptides are
isolated from Ruminococcus gnavus, for example from a
mutant strain of Ruminococcus gnavus. As a guide, these
peptides may be isolated from the strain of
Rﬁminococcus gnavus deposited at the -CNCM (Collection
Natiocnale de Cultures de Microorganismes, Institut
Pasteur, 25 rue du Docteur Roux, F-75015 Paris) on 19
December 2006 under the number CNCM I-3705, i.e. the

strain LEM 5-17.

The term “antimicrobial activity” means of the capacity
to inhibit the growth or development of target bacteria
or the capacity to kill target bacteria. The technigues
for measuring antimicrobial activity are known to those
skilled in the art. The antimicrobial activity is
demonstrated in the present invention by a test of
activity on the strain Clostridium perfringens CpA

cultured on agar medium. The sample containing one of
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20 antimcrobial activity. Preferably, these peptides
are isolated from Rum nococcus gnavus, for exanple
froma nutant strain of Rum nococcus ghavus. As a

gui de, these peptides may be isolated fromthe strain
of Rum nococcus gnavus deposited at the CNCM

(Collection 25 Nationale de €ultures de

M cr.oor aani snes, Institut Past eur, 25 rue du Docteur
15 ri.s) on Decenbe 2006 .under. .t h

nb?rpé&l%ﬁ °§a§§ i %V“ ﬁeon Jt‘?‘aPLaE%WI gl ¥e136 ﬁ?émEd
&arnthantagamroMeahumctlTnéy"ammamscabthba capadivtiyy is
herbARLBLE NG aroveh on,deyel opmenh 0,187 86kney arouns
acteria e capacity arget bacterra
tdéehiwkeddes for measuring antimcrobial activity are
known to those skilled in the art. The antim crobi a
activity is 35 denpnstrated in the present invention
EFeaqgQﬁ%Q% SHEITRARS Bn the RGRHINRT oBEPFHi uRHmMC2 and
REMC3T | QgienSRQﬁﬁf'lo@@bbﬁéed gezravagad r EflEdl e Theseameed,
cant ai ni.ng,one. of 9 the tides. o I nyent,Lon_i.s
SRRERGTREAR 6% PR ST RTINS aor HedNGm LrheEd 1D Mo

ant amiicr 8BDal TRCtNwi ty6i s Thbﬂ&nnﬂequ&ntaMuﬂanﬁw deduced,

-LQQFQSLHQQ galgrgﬁs Bgrgﬁdl%%% ' L%%éﬁ%%%‘ 2 gﬁ% genes

pep € sequénces of the pept| .

RUWTES o URGH ﬁ@éioé’élgéf3gr¥@li’l¥§s@11t§|de repRessnrvedy, by the
rsesfg@ﬁbbgelsm by fBe sequences SEQ bDaNg. sfp SEQD o.

5 and SEQ ID No. 6. These sequences are deduced,

10 respectively, fromthe nucl eoti de sequences of the
ghees1nw@mﬁﬂonwnﬁxbdnutélﬁﬁégrep@esEﬂbgdnn s of these
[ ecti v S ences,.SEQ |

%%% %“ fd ‘I’D %\%ﬁc%} S%‘LI{ lemic\%en(}l olr? a S8CPSF5?e§ fo e
Eﬂagnmnts obntheserdhipdpt bdds vRiYC , TRenCZ camd R@E@31de

FHraBenEn?oC Qeeidt AV YseptHlde V\térhoﬂﬂéiﬁgcbémabut not all

activity. The term "peptide
of the ‘peptide from which it is derived. The invention

thus relates to the peptides o0f the seguences SEQ ID
No. 1, SEQ ID No. 2 and SEQ ID No. 3.

These fragments conserve their antimicrobial activity.

The invention thus relates to the biologically active

fragments. The term ‘“biologicaily active fragment”
denctes a fragment of a polypeptide that conserves the

function of the polypeptide from which it is derived.

The invention also relates to peptides with
antimicrobial activity that have at least 80%, 90%,
95%, 98% and preferentially at least 99% of amino acids
identical to any of the peptides of the sequences SEQ
ID No. 1, 2 or 3.

The methods for preparing the peptides of sequences SEQ
IDC No. 1, SEQ ID No. 2 and SEQ ID No. 3 are known to

those skilled in the art.
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fragnent” denotes a peptide conprising part but not
all of the peptide fromwhich it is derived. The
invention thus relates to the peptides of the
sequences SEQ ID 20 No. 1, SEQID No. 2 and SEQ ID

-No. 3. These fragnents conserve their antim crobial

activity. - The invention thusgrelates to the
biologically active fragnents. The term "biologically

gﬂtwe fragnent” 25 denotes a fragnent of _a
POFy pRPTT dPFat Ieonsefy et ERB L eFunt?T oFdrasgel) by the

mlﬁy:@erital darde)m‘dMéil Chxittraicte a1 4€d.envi®imment | one 5 ¢
eptl es wth__anti mquobi al act|V|tEy
Q ID

I at e
%ﬁ%% %g\(/ee 4 atf easiy §0% “HouP =BG oFQAgences S
picef et entS abhyl/atr | @asor@8%sHs ani noi@cads pnmamei Caby 2

bavany ofyddie pepti dgsighb e seduenpes SEQ. | RN, Loy,
or 3. T e methods for preparing the pep es of 7’
SEYEENEeF SEFOIFSIBRS. o SHO IMriNore 2papd1@Edemalnaq

Roced afeknoym &9 ;hgo%gdﬂﬁﬂ|§%?*fﬁéheAa&5rﬁ}Qg IRe one
g}gﬁ peptides are_ secreted eased
EHEntht &% hé et P&c@lelnt’fl ar‘né’??\ﬂ?l(ﬁﬂrentthel t inyention

pessicklse that @rey:,afdetshe m@bede%@jue%ﬁ@.gencggnSEQé—Q,egn

14 o and/L Conpri ses a_si tldgf
glg\7enlﬁunbgr oda]rorr?sglgg)am d%> g Fs C 87°the 26e® 1% wo.

“avéneingndal so rel ates to the rrature pepti de obtai ned
after cleavage of the signal peptide. According to one
enbodi nent of the present invention, the invention

F8 fEENSF pRpPPatEchos bh8e RRNRIES. & eShataeenertgde of

pa&u blc@l‘il&% mmb pTQSINda o 635 0b-t Bems@queneep18EQal Rich -
anot her. enbodi nent, the potenti al

SRy 585t e H7°1 he SBegFite SEATBI®B. it 5 gPresion
ﬁayl beecmept aoed ofi tthas pSphetder obpgeushet el ofpepd | G st
beqRerkarm the expression and secretion of this
peptlde by a heterol ogous host

A subject of the invention is also a peptide with
antimicrobial activity that has at least 80% identity
with the peptide of SEQ ID No. 4, 5 or 6. According to
one embodiment oI the present invention, this peptide
is isolated from a strain of Ruminococcus gnavus.
According to another embodiment of the present
invention, this peptide is isolated from other strains
of Ruminococcus or from other bacteria. Alternatively,

this peptide may be obtained via chemical synthesis.

One subject of the invention is a peptide that has at
least 90%, 95%, 98% and preferentially at least 99% of
aminc acids identical to any of the peptides of the

seguences SEQ ID No. 4, > or 6.

The term “identical amino acids” means amino acids that
are invariant or unchanged between two sequences. These
peptides may have a deletion, an addition o a

substitution of at least one amino acid relative to the
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organi sm A subject of the invention is also a peptide
wth 20 antimcrobial activity that has at | east 80%
identity wth the peptide of SEQID No. 4, 5 or 6.
According to one enbodi nent of the present invention,
this peptide is isolated froma strain of

Rum nococcus gnavus. . Accordiing to anot her enbodi nent
of the present 25 invention, this peptide is isolated

X her f Rum,nococcus or f -
%ac%t@el%lt a. TP%% ernati ch| 1)3 *h ge%u?naes rrgggb Igglf‘%r néd °
¥ira €hemmalo s@dtildssi Qodd)ﬁeesiubjaéceroftztdresmrwcemiqmn for
| ti t Sas @ton 30 | 95% -
p():‘?{g?ngﬁ%gt i g?l I@I | east?:L 99% off%aglr% %%A)amcgg i 3%{?0@&1]:1&

14ige sof #ﬁ@ é@fli“a% of €% Re: ?é’cﬁJeﬁé’é@QEQeﬂD ap. anino
EacqrdSB tHEhe dref MindhderidC e Bradle B dsdqumanss ani no
acids that 35 are invariant or unchanged bet ween two
sequences. These peptides nmay have a deletion, an

addsismbjm:tor oé thebsiritarition ot sataJsEﬁScbﬂptn:'aiairi nevaegd at

égé%te VEoL0 G Pepiydes dreniesentad i e 960U80Cat st
t%&nsoﬂ%ﬂ@irﬁ-tyr orviglkanphy b)@—deh*yl@if? at Peptifles matiton the

fe s fdede robidcdges, 3 at hi onines, etc., are

considered as amino 5 acids that are unchanged
bet ween two sequences. A subject of the invention is
mhﬂ)KEmmid@SthNfﬁ@yatmeb&&shjﬁﬂom299&§°95@6r%%%ﬁﬁﬂéncn

%jaferentlallylat S%St 99%.simlarity wth any o
- 'hept | dRC 0Tt heT 10 "SEqTerces® %)E%) | BEHg=4S55 orTneS°
@eprihaiaser masi nideei t §" dedres itdre neasuraddéition or a

L3Rl ancen Qﬁtﬂﬁgqfﬁg§geiﬂaoé nHS'SLgdagkgatlvenuo the

sequerices. These —peptides may Rave a-del &tion
RFRTIGHT oFeRESISSRR RSt PYutifen 9t TaenFeasEEendafaio 4, S

am ds r elraki \tﬁgtrféctfte“ pemudeatkzepj@mgredtw Reuences,
uecnfefsrg{ 5. or 6Qél'hedereen . .
Fity b V\éer?ct%“’seﬁﬁe e ¢ percentage ol
identity and/or of conserving substitutions in the

sequences.

The methods for measuring and identifying the degree of
identity and - the degree of similarity  between

polypeptides are known to those skilled in the

D
V]
[}
ct

Alignment of the sequences 1is performed, for example

by means of Vector NTi 9.1.0, the alignment program
AlignX (Clustal W algorithm) (Invitrogen INFORMAX,
http://www.invitrogen.com) or using the tool CLUSTAW
(http://www.ebi.ac.uk/clustalw/)

The peptides according to the invention may be isolated
or purified from their natural environment.. The
peptides may be prepared via différent processes. These
processes are especially purification from natufal
sources such as bacteria that naturally express these
peptides, the production of recombinant peptides by

suitable host cells and their subsequent purification,



10

1=
w

20

30

35

quantified by a score, is based on the percentage of
identity and/or of conserving substitutions in the 20
sequences. The nethods for neasuring and identifying
the degree of identity and the degree of simlarity
bet ween poly-peptides are known to those skilled in
the art. 25 Alignnent of the2sequences is perforned,
for exanple, by neans of Vector NTi 9.1.0, the

[ nt._praogram AlignX,(Cdustal Walgorithm. ..
?Fﬁ%ﬁgﬁéégh I I%ﬁ&?gcﬁ%tgﬁwngmﬁ¥ﬁit?%genE%Bﬁrl§r a
ggnwgnﬁﬁéomoooﬁcgwgmﬁm/different approachesu_ Thus, the
bBbLER delswik ebincacs bkl chiskal yg - 130 Jhe gep{bd%s of the
according to the invention may be isolate or _ ,
PUFSEREd FRORREHER r TRt Ul ERbiatesheRtomTHd e peprades of
weyh 1B deeRay edgndaudli fiepepttproCcesSeshelhesgoy on 19
?OCﬁ?eﬂﬁmﬁem maaw# lﬂLugauonirmnDMQrm 35

GaFEEs™ St ef e Fat A | 24P esdlt RESEher

pepbiddesntt, hetipr odaptidesofof echabipraderpept htestbyn are
IL.tabl e hg cells.-a I r_subsequent purification,
i%olgk&‘_ @Q_%ﬁ'ﬂ re o%r(u.:tﬁlr}ldar{g]ehos [ t %E%anlgrln? f_FXﬁ.gl Fﬁprgss a

production Vvia em cal syn I'S

- oMbl rredtoiiof achesdidgf fter eniie appveaches. dthus, ftrlagment

Beptidegudlc Ueer38QUeNnees SEQR Ny ; b tn. 6 of f he

present invention nmay be isolated fromthe stran of 5
Rum nococcus gnavus deposited at the CNCM on 19
Becenbeec20Q5 upder imeemunber iGNCM 5o3708s1dM dpekhehs,
%g%od'q?gtt t he pgﬁ%idesrof.thqa resent invention are .
FSOFALedf rontF 8coMBrnaRt HoSt™OrfaniFemtSHE EpPréssing
aheRpeDtpepts decacddnd g tohe henviemeindri.on or a

fragnent 10 of the RunC peptide with antim crobi al
activity. A subject of the invention is also fusion

PE6t éierpot,lqefsedb%‘rb?%%n&nﬁﬁét:épﬁs ey ce nbePEapedt éras the
eerplli stagrethhe gFephbaieseaceondittg harbhBeihBvVertd OBecrain

Ruminococcus ~gnavus El1 and from a mutant strain o

t-h

h

Ruminococcus gnavus, more specifically the strain o

Ruminococcus gnavus deposited at the CNCM on 1

No]

December 2006 under the number CNCM I-3705. These
peptides have antimicrobial activity, demonstrated by a

test of activity on Clostridium perfringens.

Mass spectrometry enabled determination of the
approximate molecular mass of the RumC peptide
according to the invention. The molecular mass is
between 4000 and 4600 Da and more specifically between
4100 and 4500 Da.

According to one embodiment of the present invention,

the peptide is suitable for nutritional or
pharmaceutical use, for example use in animal
nutrition.

The term “peptide suitable for nutritional or

pharmaceutical use” means a - peptide . whose
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15 The peptides of the invention may be isolated from
the cecal content of nonoxenic rats harboring the
strain Rum nococcus gnavus El and from a mnutant

strain of Rum nococcus gnavus, nore specifically the
strain of 20 Rum nococcus gnavus deposited at the CNCM
on 19 Decenber 2006 under fRAe nunmber CNCM | - 3705.
These peptides have antim crobial activity,

monsirated, by a . test achivity. on Cosirid
%@?T??n@g%g.lgé MASS 355% ro%%??& enabl &d sutfable  for
deteipipat ion afharescapproxi miie nolbeg@caemmss cgf that

e ti de; a6a0nding: 40 Lhephoyention; Jhe e are
Lie Besnt de; agind taylo Shohpragtionsftcso; ox-

SpReripedy| yCBet weBn thabo 4RE 456PtBEe 302AccHighagand.

tpebnei eabodi MeRt @ Ut e seitie s VAt 5P emt B8 man and
e i,s suitable for. nutritional or phar,g c&gglcm
] T

t
SROTEE S, i Aot 0 Gee G S TORT | ERSRN Zr fhe

beepidde isai tobd Bsfamt nuta i tdlonal por.  phartimeeutseahtial
gﬁgva?ﬁ%?%s a; Bepitclrden g§$%%§%alc @chgr' ! tfftxel C%e%}rvgrature

Such that 1t I's suitabl hutrition o
phar vacalt i cshe ThardHaragdrist | csubkapncar e essenrkabe.

EgLcnetrbtignal e ph@&@@@%@ﬁ!ﬁ%l yse are  8aP¢mlakbkial
the pH that the peptide can withstand. 5 Specifically,

FHeS pRfof ftﬁeadi“@@@ﬂ%réystaer%frhah%% ad@irlye PE an
ani@dht, Bawbjt s t bramedsent iabolhat thecapepiise by a
Eesig;apt Loa%gig RH Aot her essential . sitv.of the
RAPACE el TSt FEOPST Tt YT ERa1 2 UEeT | s the T omferat BFetle
antwhichobhelant beiedr otiat sobstanbe i stacfieveund@r the

SpsgiEi6ak! ¥ the Riocessidg of a0-am{ P cfobial e rarure

conditions.

According to one embodiment of the present invention,
the peptide or a peptide mixture according to the
invention has antimicrobial activity at neutral pH and
conserves 1ts antimicrobial activity at an acidic pH,

for example below 7 and preferably below 4.4,

According to one embodiment of the present invention,
the peptide or a peptide mixture according to the
invention has antimicrobial activity at 37°C and
conserves this activity at temperatures below and above

room temperature, for example above 50°C.

The invention also relates to & peptide with
ancimicrobial activity, isclated from the cecal content
of monoxenic rats or from a mutant strain of
Ruminococcﬁs gnavus, having activity against
Clostridium perfringens strains, having & molecular
mass of between 4000 and 4600 Da as determined by mass
spectrometry, and being resistant to a pH of less than

or equal to 7. According to one embodiment, the peptide
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substance in a nedicanent, a nutritional additive or
an aninmal feed, for exanple, involves treatnents and
a tenperature above roomtenperature. The activity of
the antimcrobials used nust thus be stable under the
15 conditions of the processes, especially the
tenperature conditions. Acearding to one enbodi nent
of the present invention, the peptide or a peptide
m xture according to the 20 _invention has
SRIPHEEShILAE &STUANRGSE at=hel® r¥P - pH aRd/esnsdevesguance
3D mcnebi a . agtevirBynat " @ebither PEhbof OhegXamphke 3150
bel ow.7 and_, referabl beLo 4.4. Accordin éo ane
SRBDAIRERt BIC { Ko priébentt | nvbnt FERISISS (1R pdpt 1 B8 3-
advanpegecde iy, x tahre aenomden@dmpwﬂuss|mveeptmﬁohwhosen
m il act gz . and onserves t

g%FFVF%' gi tenp§#§%J%%%ggg%g%ﬁgnahgboégunnc EEE 1D No.
tenpePit @re, for exanpl e above 50C. 30 The invention
also relates to a peptide with antim crobi al

activit i solated fromthe cecal content of

Roxehiteret 0 or Fr%in a HRAMHRS st F8i n f ‘peptide  with

'Rnﬂhﬁﬁ@@@bu&lgnﬂ§USV1hﬁylmguﬁQiIMbyYIQQabﬁShlnna from a

¢l ost r|d|un1perfr| ens strains, haV|ng nol ecul ar 35
na§s 5t Bereen 2000 R HE00" Dad48 VHEL erfinet VP has S 1e
speetinomst riymanccberng geevebamierosidegH o= tlessCNIBN on

96 eqaledho.7. Agger difihd,0 Opfe em}@@g&ﬂ

pepti de %A- conprises the seauence I'D N% @ﬁ and/3705
BRECZEGTENCe FOSEQPPD No ST20dARESEdi ng S angeléride  has
@Bﬂﬂ@dﬂl&&&baaﬂt aslﬁﬂ_var wses thedqeptidesof b eridium

ueqce gE I%pta eously, the peptide

ESTrTEaEns T U chdSen E i Fontany Mt T, FEBEFGESRt
havhﬁg tethencsegqudroe nBEQ |d¥ Noetwden 54000 6andhe@600 Da and
bRweatloniahsy w%éﬁéghtgléomﬁﬁdd§5wbt%a as determined
antimcrobial "activity, whic e obtai ned om a

by mass spectrometry. Acpordﬂng to another ﬂmbodlm,n-,
the peptide has antimicrobial activity at neutral pH
and conserves 1its antimicrobial activity a:t an acidic
pH, for example Dbelow 7 and preferably below 4.4
According to one embodiment, the peptide comprises the
sequence SEQ ID No. 1 and/or the sequence SEQ ID No. 2.
According to another embodiment, it also comprises the
peptide of the sequence SEQ ID No. 3. Advantageously,
the peptide comprises a peptide chosen from any of the

peptiaes of sequence SEQ ID No. 4, 5 or 6.

The invention also relates to a peptide with
antimicrobial potential isolated from the cecal content
of monoxenic rats, corresponding to the chromatogram of
figure 4A, obtained at 214 nm by reverse-phase HPLC,
having activity against various strains.of Clostridium

perfringens, in particular of toxinotype A.
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10. mutant strain of Rum nococcus gnavus, for exanple
the strain of Rum nococcus gnavus deposited at the
CNCM on 19 Decenber 2006 under the nunmber CNCM
1-3705. According to one enbodi nent, the peptide has
antimcrobial activity with regard to clostridium 15
perfringens strains. Accordiriy to another enbodi nent,
it has a nol ecul ar mass of between 4000 and 4600 Da

n re;fere tially between 4100 and 4500 Da as
g@i@ﬁ%—ﬁé@—é%nass spectronmetry. According to another
enbodi ment, the peptide has antimcrobial activity at

@ﬁ@trfﬁv&glt%aradlsf&nu%%ﬁ\a% s!t$o %&ﬁ&%é@é ACLTVILY: 1o

at an aci Tor exanp and pre erabl
Berow 4amfblm90\%’é@%lﬁﬂag toa%ﬁévénﬁodl mefte fenabept | dénese

penMphisescihgesseqriice REQ | PnlNomidr8RdL0r Lheivity of
Sﬁg]uence SEQ I D No. 2. According to another

&Elion"é’hf:uslt al so conprises the 25 peptide of the
sequence SEQ I D No. 3. Advantageously, the peptide

Q rlsesa epti de chosen fromany of the peptide
5F CSEqusRce SEQ I D%No Eref“cﬂ' 'yF‘rYe“nitr?\Péhtl orT‘thil term

rebavesctlecaigeft imderw th ssﬁqéaP snrandlanaboﬂcymtlleaalt ide
Laghat ed fr t Of _rats

corres%on t%g]%%ﬁ%%%ﬁ%%r%?rgt %gltraém of fl eSZAg DNA or
EBRai HEeE at X147 nABYP e %@%s@uﬂﬁléetldliawlfq@ln that

aeti vi by aqaa Nstow@ilietiehtsinal Nerof Lheashitdi Ua  type.
gerfrl n% LN partlcul ar OdeOXI t?{ pe A. 35 15
oFyfRaePesti G885 Tt Yt ohies s% rbl'at é8veption are of

bNF\ynbeeot i depecadilly Hourdnrt-igtrerelkidal mm | ViITe. term
RL& Yot se ucl [ Qcode - .
aEt @lgll &1 FB% al%omg [\ ;%oéi ieq ALC\/E:OUf 'leobztoo\.s.

crobial activity of  Runi nococcus di ng
the present invention, the term "polynucleotide"

m‘ﬁénsp@lﬁﬂl@@i@o§lﬁéﬁd®f pelncugheatihde invention may be
isclated or purified from their natural environment.
The polynucleotides of the present invention may also
be prepared via chemical synthesis or wvia standard
molecular biology technigues as described by Sambrook,
Fristsch and Maniatis in their book entitled “Molecular
cloning: a laboratory manual”, edition: Cold Spring

Harbor Laboratory Press, Cold Spring Harbor, NY, 1986S.

The invention relates to the polynucleotide according
to any of the sequences SEQ ID No. 7, 8 or 9. The
invention also relates to the polynucleotide that
hybridizes to the polynucleotide according to any of
the seqguences SEQ ID No. 7, 8 or 9. The invention also
relates to the polynucleotide coding for a peptide with

antimicrobial activity as defined above.

The invention also relates to a polynucleotide that has
at least 80%, 85%, 90%, 95%, '98% and preferably at
least 99% identity with the polynucleotide according to

any one o:f the seguences SEQ ID No. 7, 8 or 9. This
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10 chain or its conplenentary chain that may be of DNA
or RNA type, or a doubl e-stranded nucl eotide chain
that nay be of conplenentary or genom ¢ DNA type.
Preferably, the polynucleotides of the invention are
of DNA type, especially double- stranded DNA. The
term 15 "pol ynucl eoti de" al sg denotes nodified
polynucleotides The pol ynucl eoti des of the present
Yentl n ated or purlfled fraom.t heir

0
R LGP HF TBRU P S APSS=The! BEl y nACIORI IS0 IGH { ngetivity.
BbeseaungnWHntbﬂﬁ'HmeﬂEMEﬁ@ beh@repalpﬂuwlaoth@ﬂlcahes

?%Qt r&ﬁ%ﬁnlod’ro\% ft g%dg(fgy Sa e‘C‘li” qle Clostridium

echni ques as escrl T 00K, rns sch an
Memifatngens sheadnsook entitl ed "Nblecular cloning: a

| aboratory manual ", edition: Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY, 1989.
FRE ILAVENt ORISRl 4D el G0 v nERBSt P&élseeéﬂaﬁnghat
beeanyveiribhe SefuenersnSEQ b@L,MéerV tWoOEeQuedB8s. This

ngentign al.so reéat s to thg g nucl eoti de t hat
RyBYTHF288 SE8t HE Dol §Ricl Bof FAE AeTor dPfig ¥ 6 anyofor 2
30bshecseqoencds aSEQdd3tNmns , n8cbeofidFheeciiavénti on the

§L§grnﬁggakg§yggcﬁg%tq l.ynucl eotide coding for a

pepti de w antimcrobial activity as defined above.
The invention also relates to a pol ynucl eoti de t hat

Ras 139k ilbeast] #0%<185%= 90% agé%lyn%%%aée‘ijdc that has
preferably at |east 999@|dent|ty W t h

661 yhERT ot i a@édrdlﬁﬁ to 2 Xy GFE Fnﬁhéngéﬁﬁﬁﬂﬁy at
SEQskD d¥a 51m81@f19y mhts 1ﬁr=pﬁbyﬂﬂQbEébtﬁﬁeCGd&&leng

far tlﬁ]CfO a LIVI to,ong .
LA 4 % *ahe £L flde ggod_esq\g? £ ox 9. This

€rmbo e polynuc eo
avmllywu@ﬁm@raldeact cedey w thrr egam@tmo@lqbstar'u di eptivicy.

@%%BEbﬂﬂgnSt§t bakNSempoditeder Mehadepbi $Rlicleotide codes
nucl eot i neans nucleotldes t hat
for antimicropial acitivity with regard to Clostridium

perfringens.strains.

.The term “similarity” means the measure of resemblance
between proteilin seguences or nucleic acid seqgquences.
This polynucleotide may have a deletion, an addition or
a substitution of at least one nucleotide relative to
the reference polynucleotide. The degree oI similarity
between two seguences, quaritified by a score, is based
on the percentage of identity and/or of conserving

substitution oi the seguences.

The methods for measuring and identifying the degree of
identity and the degree of similarity between nucleic
acid seguences are known to those gkilled in the art.
Alignment of the sequences 1is performed, for example,
by means of Vector NT:i 9.1.0, the alignment program
AlignX (Clustal W algorithm) (Invitrogen INFORMAX,
htto://www.invitrogen.com) or using the tool CLUSTAW
(http://www.ebi.ac.uk/clustalw/)
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are invariant or unchanged between two sequences. This
pol ynucl eoti de nay have a deletion, an addition or a
substitution of at |east one nucleotide relative to

the 10 reference polynucl eotide. The invention al so
relates to a polynucl eotide that has at |east 80%

85% 90% 95% 98% and prefeaerably at [|east 99%
simlarity with the pol ynucl eotide according 15 to any
one of the sequences SEQID No. 7, 8 or 9. This

pol ynucl eoti de codes for antinicrobial activity.
Aﬁﬁnrﬂhﬂgntbonneﬂenboﬂéh&mes tthe polynucleotidescatdgsble

o%r asrglégtclrxpé)ifl 1@\% cﬁ{l_% thwliggard tog Sytnrdcqeorgide

perfringens. strains. erm " simtari
ARERSHI e of aﬂﬁs@ﬂﬁl @fcethperamrngest eﬁE@ se@uﬁnceg, 8

& nug| ei gragkdasequences.  Jdi so- pobynucheotide. is
have a deletion, an addition or a substitution of at
PEISOTIRE nYAIEHt | APERPEE Ve (55 DSIAHE r FAKEidens  and

palafaeireatdlde: Thaddegr eei ghlgi méaridyendet WRR itWns
§§qyences uantified by.a score %s based on the
T cC

pErCatage © ra%nﬁp?ﬁnéﬁafbr REQr vERguence capable
subst seleconvel vt hendequeinciasy” 30 mEaasmet hedsefioes  that
i angh ddentddyingedhendeor egclncbdentity and,.,
“degree of S|n1Tar|t et ween nuclelc ‘
§%%WRHH%%?Q%L§ k RGeS0 Fhé@e skel | ealckarewed arnoise. The

Alegnmergs of*rbhe §f<%§|1_§11 eh8rpeehor ged, fQr eXAMLyion
%{ means Vector 9. ?fﬁ? t he al i gnment program 35
SHIRRN & t%ﬁq¥@%ﬁgo??? (PﬁvPFﬂogeﬁVF&POﬁWR%ld*Zlnc

mﬂd1iMMMMPEBYEhng@mqﬂHﬂcéH uslm@ﬂéﬁanmllﬁitEEém/ana

L. e ac. | us 17 The i VQDtIOD e
Qﬁ;o el ates %Opol§nu%Ieo s capabFe ql the

géﬁéfﬁﬂﬁﬂgﬁhybHQhQ|ﬂgh°thNkh§°gmqnW%ﬂe@hadegenerate
aeeor Hakdr oty onei g, t hensequenees 1 SEQ | BiNo gt firfjent
hybridization that allow a selective hybridization are
known to those skilled in the art. In general, the
hybridization and washing temperature is at least 5°C
below the Tm of the reference sequence at a given pH
and for a given ionic strength. Typically, the
hybridization <temperature 1is at 1least 30°C for =
polynucleotide of 15 to 50 nucleotides and at least
60°C for a polynucleotide of more than 50 nucleotides.
By way of example, the hybridization is performed in
the following buffer: 6X SSC, 50 mM Tris-HCI (pH 7.5),
1] mM EDTA, 0.02% DVP, 0.02% Ficoll, 0.02% BS&,
500 ug/ml denatured salmon sperm DNA. The washes are
performed, for example, successively at low stringency
in a 2X S8C, 0.1% SDS buffer, at moderate stringency in
a 0.5X 88C, 0.1% SDS pbuffer and at high stringency in a
0.1X 88C, 0.1% SDS buffer. The hybridization may, of
course, be performed according to other common methods
known to those skilled in the art (see especially
Sambrook, Fristsch and Maniatis in their book entitled

“"Molecular cloning: a laboratory manual”, edition: Cold
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5 or 9. Preferably, the selective hybridization is
perfornmed under noderately stringent conditions and
preferentially under highly stringent conditions.
According to the invention, the term "sequence capabl e
of selectively hybridizing" nmeans sequences that 10
hybridi ze with the referencégsequence to a | evel
significantly hi gher than the background noise. The
S ener at ed by Lh teract
%é gggeiggngggcaabg%e Bt se g%t? hdlvor, Ny,
thBDdl?rﬁéerahdybh@h&ﬁﬁﬂkﬂﬂ%ﬁh@mwemessths geréeakhiyely
AQbHHrzgoa% 13 preterahly 19ﬁ1§,ﬁu ﬁeéﬁcﬁ?ﬂge&oﬁs@% the
hat of the_ interaction of 1 her DNA sequences

#HJaF “geRerat e tihe TRIHFEMI FRAVKICThe IdondE oRgesent
skekNgefie rptbryrdiczlaédﬁué@attradd owaae&@leﬁatllyvehyorldlze
%P i.zation are. kngwn to those skilled inthe art.
G enal polHE S0 ROt S5EPOA ARG WachTi oTS BF " the
tegpenatsr €EQs Il Neast7,5@ bel owddie Theof ahbeémicrobial
ggggggg?e sequence at a given pH and for a given

ronic strength. Typically, the hybridization
tenperature is at least 30C for a polynucleotide of

%ﬁotolégﬂﬁHQBQOtE@$§4y§jEgeﬂg¥§{l@5 @QC:EBEVﬁucleo 1€es

onnucIeotlde of nore than 50 nucl eoti des.
%?ﬁﬁﬁge OFhéhnMﬁ*Eﬁ%%@?oﬁCF§”ﬁéPﬁoFﬁb§h%1l@ﬁ%ntlon- On
fetbawnt ng dzuf fere 6Ke§§6eﬂﬁkymﬂafls_ﬂa (dhes céae,
gw% DTA . 0.02% PVP, 02% Ficoll, 0.0 %)B A 5q9
nattrad sal% %ﬂﬁﬁ?ﬁﬁﬂ@? THEYwasHes ar

petyoeneddef or exanple successi vel y at IOM/strlngency
in a 2X SSC, 0.1% SDS buffer, at nobderate stringency
in a 0.5X SSC, 0.1% SDS buffer and at hi gh stringency
EﬁpﬁeSEﬁQR,Q§SS°Qt¢%xSDS buffer. The hybridi zation
may, of course, be performed according to other

g nmet hods 35 knomm~tg those skilled in the art
feeerad

Béci &1 y CanbTBBRI I Brist sEh addMvantRYTRE TR, @
phéynubdektedti tdatindg Mibecud apagtdniengacactdbogattar ythe

gﬁogﬂLloneQ'st' 91%'6 ddlntO arl EXDI'ESSlOI’l cagsette U.Sll'lg

S ame

cloning techniques that are well known to those skilled
in the art. This expression cassette comprises the
eliements neceésary for the transcription and
translation of the coding seguences for tThe

polypeptides according to the invention.

Advantageously, this expression cassette comprises both

cr
mn

elemen for producing a peptide via a host cell and
elements necessary for regulating this expression.
These expression cassettes comprise, in the

transcription direction:

- a promoter that is functional in a host organism;

- a polynucleotide according to the invencion;

- a terminator sequence that 1s functional in the same

- host organism.
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18 Spring Harbor Laboratory Press, Cold Spring
Har bor, NY, 1989). Preferably, the polynucleotides
that selectively hybridize to a reference
pol ynucl eoti de conserve the function of the reference
sequence. In the present 5 case, the pol ynucl eotides
that selectively hybridize 1aith the pol ynucl eoti de
according to any one of the sequences SEQID No. 7, 8
r 9 code for antimcrobial activity. éQ)The T h
Ot i ¢S codi ngne
évpretheipeptcasse@ooor diaprdirtdie tonvehnd i dmvedtion. The
P Parest goruat oot agy Sptlf JEpELhaE0 B, che nosc
pEUFpephi 880SE8 Expr 6856 aixrzeseierscicgondi A totemest.
eabedi pEnt spEmbherbnventi ). acoRgkypueheati dexeediagon,
for a peptide according to the 20 invention is .
PR8EFREED PRTETan RHORHU O BA8set OF usiiy cPohfhg hand,
teaghrigues that are well known to those skilled in
the art. This expression cassette conprises the
el enents necessary for the transcription and
Amang| dahiconfafict hengbdpargrmsegrences ffomotihe m@btion will
Bglygﬁﬂk!deéségegégipg ngthghégvengfon lyceraldehyde-3-
Advant ageously, this” expressi-on cassettg;Canrlses
BHPRPIBF & me DY BFOFRRAITR I ngt EPPeptAherdid ldshoshidglpns
andbeekenent s1necegsaentf oeneegubati ngt-hish, 1s589).
expression. 30 These expression cassettes conprise, in
the transcription direction: - a pronoter that is
Ampati onlad | furectiostalor garinemers armpobaatielreat,i deention
ceording to t dnvention; ~ a4d i n r_se nece
PRae s Fnd i oa il eBg o et B SR PLEmSEBLENESor
the bacteriophage T7 (Studier et al., Methods in

Enzymology, 185, 60-8%, 1990).

Among the functional promoters in yeasts, mention will

pe made of the promoter of the gene GALl (Elledge et

al., Proc. Natl Acad. Sciences, USA. 88, 1731-1735,

1991) or of the Gal4 and ADH promoters of S.
1

cerevisiae. All these promoters are described in the

literature and well known to those skilled in the art.

For expression in Penicillium funiculosum, expression
cassettes comprising an H4B histone promoter, an
aspartic acid protease promoter or a csll2 promoter (WO

00/68401) will be chosen, for example.

For expression 1in the yeast Pichia pastoris, expression
cassettes comprising the methanol-inducible AOX1
promoter (Tschopp et al., Biotecnnology, 5, 1305-1308,
1987) or the GAP strong constitutive promoter (Waterham
et al., Gene 186, 37-44, 1997) will be chosen, for

example.
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host organism 19 Any type of pronoter sequence may

be used in the expression cassettes according to the

i nvention. The choice of pronoter will depend

especially on the host organi smchosen for the

expression of gene of interest. 5 Certain pronoters

al l ow constitutive expressiofg Wwhereas other

pronoters are, on the other hand, inducible. Anbng

hgg functi onal prongtgr,s in fungi, mention will 10 be
de SBIFESHAY U £ HAt Z8FRQGEETANEESy deamle phrspheg eion

delpdrogenaseodynie aper ghtd usadul dagu1ERIbS! t Sftnoter
L QUL EE 2t . .15, - v 1 . t he _

PEREESSRS b orprershEn B 8P4 ReR igh TS whrese of

thdemesgec(Mihydoelt hatT .of BRNA .patlysrer agesf,r acrosihelogesa,

bagker i,9pha atudi Met hods in
Enzy?ml ogy, %%8})—%%%%9,%:{98%))(%%@ the functional'

pronoters in yeasts, nention will 20 be made of the

pPrhenDiehrefs ik ganes SAlded El bedge gy al., RAQRC. %;ent
Acad. Sciences, .USA. . 88 1731-1735  1991) or of the
GRYFPEARTABR Yot et'sC B9, an¥e Rdvieg &8JURTICY magessary
pronutler seapecdesoni béd gal yhepthdter aturgBAdiwId:ides
kpown, se [lJed in the art. 25 For expression

i %‘Peﬁ%%%#?ﬁmiﬁélﬁ oésrpume eXpressi O taduatt éfquences
eoApMIiSENg Ten $EB-dit seBnelpromt ol yaapt adpar pirodacisd by
Phat 823e RrQlii®im Orr@ £sld 3ppreues er (V0. 99/ 68; Q.tl%e any
wi Il be chosen, for exanple. 30 For~expression inthe
VETEH- 2POR SRS sthekpledsonit cagseipee to increase
caapliesieng diheidaniadn idluehbl @ AOKY RIRHBHR! inserted
E%chop%&et al., Biotechnology, 5 1305 1308, 1987)
0P Phe GRP stYBHT Tordt i t GEISE Proomot BFCOREEEEhanto the

invention, it is  especially possible to use, in
combination with the promoter regulation sequence,
other regulation sequences, which are located between
the promoter and the coding sequence, such as

transcription activators (“enhancers”).

In addition, the expression cassettes according to the
present invention may include any other seguence
necessary for the secretion of the polypeptides
produced by the Thost organism, such as signal
seguences. For the secretion by Pichia pastoris, it is
possible, for example, to use the « factor sequence as
the secretion signal.

A wide variety of terminator sequences may be used in
the expression cassettes according to the invention,
thesge seduences allowing the termination of
transcription and the polyadenylation of mRNA. Any

terminator sequence that is functional in the selected

‘host organism may be used.

For expression in Penicillium funiculosum, eXpression
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35 et al., Gene 186, 37-44, 1997) will be chosen, for

exanple. 20 For expression in Schizosa ccharonyces
pomh_e, expression cassettes conprising the Nnt

regul ati on pronoter repressed by thiam ne and
activated in the absence of thiamne (Maundrell, J.

Bi ol . Chem 265, 10857-10864215 1989) will be chosen,
for exanple. The expression cassettes according to the

present. invention .nay also jnclude any other sequence
rcfea‘csessfgCatreyS O e exkpr &5si ﬁ%?ﬁ Isﬁﬁéﬁti G&smgRator,  an
poipauicleci¢ déspréfedne tastaneearegut ai | o8l ek egephsnator
OfiycS| @A s SEAUERLES 2l Lowd t sgcretihan of the

p{)l ypep/taéi des prodﬁ%e% by %Eg’hggf o?‘&gﬁilsTm It is
especially possible to use any regulation sequence

tzhat suBkescit possthke to-d Beheasaendhg dgvel 10 2150 o
expression of the codi ng sequence inserted 15 into tshe
@F&Yé%é‘?lrﬁ?td%%et tCMRCCOIYENg 8B t heXPTAG8APRON, CRESette
ie-ceapEaial | yoposshbl e iavaseiocn ceabkRakbeRuwhiih  the
the promter regul ation seg ence, _other regulation .
sequences,” which-are- | 3Caredhet Wéert% i o7 oot BFVaRgion
tare codiawr sequehe e wectras 20 transcription
activators ("enhancers"”). In addition, the expression
cassettes according to the present invention nay
iMBI4R¥E any ot her sequence necessary for the
secretion of the pol ypeptides 25 produced by the host

ani sm sutgh as_signal sgguence . For the secretion

a

vy Pi i T Past ot FEST O s Ssi B1%e,2%56r SQnpfeoniRg  or
esprdes o aveorosequéace le ttheasetsetaoios! @al 2 3ost
Api e Lok 0 b el B ssoierogs, TR heUogd L o
e H@Ie s elt towragordéenpetd atd @readent invention.
tIrans cvéPtoeNmand ddieePod yageryh-dddRref tHNA. Adnid, a
cosmid, & -bacteriophage or a virus into which is
inserted a polynucleotide or an expression cassette
according to the invention. The techniqgues for
constructing these  vectors and for inserting a
polynucleotide of the invention into these vectors are
known to those skilled in the art. In general, any

£

vector Capable of maintaining itself, of self-
replicating or of propagating in a host cell in order
especially to induce the expression of a polynucleotide
or a peptide may be used. 2 person skilied in the art
will select the appropriate vectors as a function of
the host organism to be transformed, and as a function

of the transformation technique used.

The vectors o the present invention are wused
especially for transforming a host organism for the
purpose of replicating the vector and/or of expressing
a peptide according to the invention in the host

organisn.
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term nator sequence that is functional in the selected
35 host organi sm my be used. For expression in

Peni ci | lium funicul osur, expression 21 cassettes
conprising an H4.B histone term nator, an aspartic

acid protease termnator or a csl13 termnator (WO

00/ 68401) w Il be chosen, for exanple. 5 A subject of
the present invention is also a polynucleotide
&ﬁgprising.an expressipn cassette acco dLn% to the,

i AV erttlVoRt 1y dht Egebtst yS St ke Sexir orPtaB¥ePpesng 2
aecordengatootthienpr esent thevenhivent iate i asebred it 0 the
2-1Y86t QL 1@ Vectors The present invention also
'reﬁates 0 crgnrng or expression vectors for the

tr ensthosiat PoEaBLSA hHost tIBnsigamiesin €dnhr issi ngxatression
Leasoy Qo] yIWE! at i ey 0Ls by CXBEESE AN &@é&f%rsg to

according to the esent ‘1 nvent] on. I'S_vector nw
E8ped AN 106y GHd Widta pl B_kYEUCHSOEHER] accgrding to
baet enivephage,or a virus into which is inserted a
pol¥ﬁgcleothdenor an SXELﬁSSlon cassette 20 according
fo tAE i RYBALPGA. PREEECHNI J¥es “6r DEGhst PGERFAG™ — are
tithedetedctors and for inserting a polynucleotide of
the invention into these vectors are known to those
skilled in the art. In general, any vector capable of

£ Sesel f, of self 25 replicating or of
propagating in a host cell in order especially to

I nduce. t he egpr ssion of a pokynqpleotide or a
ﬁep?"riﬂjeeﬁfayo e USedPTASHRY sAMVEaa1Y%Ed 1 PHECard PRPFESS
Selrectrd et @appiopr iaat osectfcmrasm bunctiyweitiddeinto
r gani : transforned., and as a function. 30 _
%$§§hgxggéﬁég%%ﬁ% ﬁoﬁ‘té%hn?aﬁg“u§?§.Fﬁn?%&éi%ﬁsl%?' ot
the Jrasentnenverpronsire ysegette or of at least one
vector according to the invention. The polynucleotide

' may be integrated into the genome of the host organism

or may be stably replicated in the host organism. The
methods for transforming host organisms are known to
those skilled in the art and widely described in the

literature.

The present invention also relates to a host organism
transformed with a polynucleotide, an expression

cassette or a vector according to the invention.

According to the invention, the term “host organism” in
particular means any higher or lower monocellular or
multicellular organism, chosen in particular from
bacteria, yeasts and fungi. In particular, the term
“host - organism” means a nonhuman organism.
Advantageocusly, the yeasts are chosen, for example,
from Pichia pastoris, Saccharomyces cerevisiae,
Yarrowia Iipolytica and Schwanniomyces occidentalis.
The fungi are chosen, for example, from Aspergillus,

Trichoderma and  Penicilliums, preferentially from
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especially for transform ng a host organismfor the

pur pose of replicating the vector and/or of expressing
35 a peptide according to the invention in the host
organism 22 The invention also relates to a nethod

for preparing a peptide according to the invention,
conprising the .follow ng 8Beps: a host organismis
transfornmed with an expression 5 vector conprising an
Bxpr egsh on cassetl e ageording to Lihe iovention andior;
Wth“a %6V§nucleo?|ée 28887 di ng t 6T ERS RGNt i onZ S5
Abpepepiides prgeéuced Asparwi hbss orgampsm ar dspergillus
kaghahed: alf HoSbiRiRans ol sipl 80ty 0bnd NenBbaSRbh: of
invention Is also a process or transform ng a host
BRganiBHEBY PRt egfE oA ASH 0 CAIRNLHN d hdst2or §ahrdth ©f
pbnatileash eneipallyduel ael iweiclofa abepedst 8BGording to
eﬁgre35|on,cassette or of at |east one vegtorI .
BEBorHVRGEEE™ A€ I HPAHRTHT Fhe® por FHEF E8ET de 1 n@PChE ST
enbediated, i nhe thestgeoogenobmt He hostaior gabhi Sebaebmyces
may D 3t ably popli caled,dnid ne-Dost or 0ani sm. TH6-20:0n
rEfRods for transform-ng Host Of gani s ar e known o
Lhosesxki¢seedi n Qthe AVEXENPNRIREY- desldy i be¢ti n ehether

bihbshatehe, The Rpoeserddvedtion alsgifiebat @SntifoRoccus
host organism 25 transformed with a pol ynucl eoti de

JRAEKSr eBsPORCRc s RARTET B EREL BT aceor BF ngVeRERED 1S
ERpenkken. oAceoedeRgreestlie i nvention, the term "host
organisnt in particular neans any higher or | ower
nmonocel lular or 30 nulticellular organism chosen in
Paet i culeamhrficprasbact épra, yeasttsuantd rigungivedyors, fox

E?Eké%BEﬁEngthehBEE”‘ organisms and for expressing
heteroclogous proteins in these organisms are widely
described in the literature, especially by Sambrook,
Fristsch and Maniatis in the book entitled “Moleculaxr
cloning: a laboratory manual”, edition: Cold Spring

Harbor Laboratory Press, Cold Spring Harboxr, NY, 1985

or by Ausubel et al. in the book entitled “Current
Protocols in Molecular Biology”, edition: Greene
Publishing Associates, Inc., and John Wiley and Sons,
NV, 19%2.

Strains

The novel strain of Ruminococcus gnavus was deposited
at the CNCM (Colliection Nationale de Cultures de
Microorganismes, Institut Pasteur, 25 rue du Docteur
Roux, F-75015 Paris) on 19 December 2006 under the
number CNCM I-3705. The CNCM 1is an international

depository authority according to Article 7 of th

(D

Treaty of Budapest.

The novel strain was obtained by random mutagenesis oZ

the strain R. gnavus Ll1l4. This strain 1s & spontaneous



10

15

20

30

"host organi snf' neans a nonhuman organi sm

Advant ageousl y, the yeasts are chosen, for exanple,

from Pichia pastoris, Saccharonyces cerevisiae, 35

Yarrow a |ipolytica and Schwanni onyces occidentalis.

The fungi are chosen, for exanple, from Aspergillus,

Tri choderma and Penicilliumeg preferentially from 23

Penicillium funi cul osum Trichodernma reesei,

Aspergill us_niger, Aspergillus awanpri, Aspergillus _

%%gﬁﬁﬁiPLad&-T PéfYderna R%ﬁFndF?%nEﬂsbné"“ o Fehty to

ptodtbe RuvkEnthon;ttbebhostharganiidm issnanektiaes 8hmb in
2nici Lliur I CU ] ich a,peptide according,

PEPbEhE (v an 1a S5 el o OE Loy e B B B PR

ahorhepguanbdiineedNG) t h@shossedr Jani sthe smstageénesfs. No

Dehat ooy Cepasaehelibhi 1adhi cibed Rk 1 0¢s 20COLdh tane
he 1nvention is expressed or overexpressed. |In yet

BRAGERLEUED eFbod] 2 PherRoBYA 0P HaRFReS QTR T of

Rum nococcus gnavus in which a peptide according to

e inyention i.s _expressed or erexpressed. _The .
PO Ry BBkt B Re L et g il e LT or e peecefnly BuI
nednshorsupng e@stt egr gantisny/saet f extexpressidngvith hemin
Qghg[gEanus proteins in these organisns are w dely
described in the literature, especially by Sanbrook,
Fristsch and Maniatis in the book entitled "Ml ecul ar

ekgRERg: maxtaber akekmeBAYabn wfdiction: Cold Spring 20

Harpbor Laboratory Press, Coid Spring Harbor, NY, 1989
or by Ausubel et al. in the book entitled "Current

Phet aaokatinonMalleculrarn aBiesl agy's stbtéos: & eppeparing a

KB 182 e SAE e Bk Sy 8T U4 PP 7O boocous e

gngeugimas aepdspKQQess comprising the following steps:

a) culturing a strain oL Ruminococcus gnavus or a
transformed hcest organism according to the invention
under conditions that induce expression of the
peptide, and '

b) recovering the culture supernatant comprising the

peptide.

Separation oi the peptide from the culture supernatant
may be performed via the charge, the size and/or the
hydrophopbic nature. A person skilled in the arct knows
the various techniques for separation as a function of
the charge, the size and/or the hydrophobic nature of

the various constituents of a medium.

This culture supernatant or fermentation must can then
be concentrated or lyophilized for the formulation of a

4

food addizive or an animal feed. The process may

(]

comprise additionai steps of purification of th

antimicrobial substance from the culture supernatant.

If the host organism does no:Z secrete the antimicrobial
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at the CNCM (Col | ection Nationale de Cultures de 30
M croorgani snes, Institut Pasteur, 25 rue du Docteur
Roux, F-75015 Paris) on 19 Decenber 2006 under the
nunber CNCM 1-3705. The CNCMis an internationa
depository authority according to Article 7 of the
Treaty of Budapest. 35 The nrravel strain was obtained
by random nut agenesis of the strain R gnavus L14.
This_strain is a on eous 24 ..nmut ant of navus
EbEREN Rt 15t cRRo Chpdeis y P T oo RaKATPRSL - step
uftmmﬂﬂnly@a$ ahil lossymthesizesiBuNMGi nthe'i vellPextract
ful . ing agent, N-methyl-N -Nitro-N
?e%soéug%gé%%&-(hKa was used for the nutagenesis. No
5 genetic nodification was obtained via reconbi nant
&ﬁshgug}u%e@s'@&g ﬁ%ﬁn@ﬂoﬁ%gf 2200t BEr PRIl £rom
he culture mediumof strain LEM9-17 is preferably
BPF CREGTuRPEEFPIe FENTORWIH §ezitS extract and with
hemn 10 (BH -YH). Protein mxture, fermentati on nust
he invention also relates to a process for preparing
é——@@—ééé?ﬁde with antimicrobial activity according to
the invention, said process conprising the foll ow ng
[ : QU [ u CC navu
5%gg§fF‘%§ Ggﬁ%ggﬁgg%g%§££ |sn1aégip%§ﬁg fo&?hg BifEse -
PARPEAERONACEPERENG Ot t ithies EhAENtAGUce @xpressi orgehism -

_ hB@or&QnEeﬂkideheaﬁ%vﬁh*ﬁ%QPVeé'ﬁgrbﬁﬁ‘%Hédgéﬁnq to the

ernatant conprising the tide. Separation of the
SEHENG4 oFr onft heeETFPURS SHperAtani? 28 mapBe Organism
petb@dmag \ica diee chesgeiohhersiazef amnmmiat hen must o_ a

hqhi a erson skilled.in the art
P%ggggrggﬁ§rgeC nﬁﬁhéggfor se%ar%? oh" & Cgmpﬁﬁ&rﬁ8ﬁsoﬁr“
in ligquid form or in powder form. These compositions

comprise various ingredients.

The liguid compositions may comprise, for example,
another antimicrobial agent, for example sorbic acid or
a sorbic acid salt, benzoic acid or a benzoic acid
salt, or fumaric acid or a fumaric acid salt. The
compositions of the invention may also comprise
sorbitol. Sorbitol is a stabilizer and a formulating
agent. The compositions of the invention may also
comprise antifreezes, <for example efhyiene glycol,

glycerol, propylene glycol and i,2-propanediol.

The compositions in powder form comprise a support.
This support may be chosen from wheat ZIflour, starch,

maltodextrin, gypsum and corn cobs.

The compositions according to the invention have
antimicrobial acTivity. They provide alternative
solutions to the use of antibiotics. They may be used,

for example, in animel rearing or as medicaments for man.
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the charge, the size and/or the hydrophobic nature of
the various constituents of a medium 30 This culture
supernatant or fernmentation nust can then be
concentrated or |yophilized for the fornulation of a
food additive or an aninmal feed. The process nay
conprise additional steps offpurification of the 35
anti m crobial substance fromthe culture supernatant.

the t ReROSY -Qrgani $M does Not-sSecr eheetR8on comprise at
antimecrobial 25 substance into the culture nedi um

B2 BEHdPEPOREP tESy 2GFOTEITI | ¥8i $Pendt BB i cRlET oRheY
iyt haleel | ®@dmicde nByhbe necessainted ThEopepihdesnce
of the inveﬁ%hog naltqlgo be obtained from_ the_cecal
EOhEBAES of Gxenifc rdfs. Koo tTon B Ahe 2C1aS or
wonPosit s@hssaccording to the invention conprise a
pepti de according to the invention, a host organism
according to the invention, a strain according to the
The erterenn s & ferfre@GHArs Nes £ Cof CREhostvenigan sfake it
€S§Q£9189 to 4t hedayant | 0pc0rpa=fehrentat iceR AUSheflodic
5 strain accordingto the invention. The conpositions
SPeSTEhIFi dii PSP MOGT P boder™or® PrE¥Ent or treat
€88Po6iht e88inadNALE8asAr Lautkanngr edi ents. The liquid
conpositions may conprise, for exanple, 20 another
antim crobial agent, for exanple sorbic acid or a
Sbhebicompi sl sabts keghzohe atndentianberzoi c faci dexample,
sahba OF LUARLAC fGid O A-d Unpsi coRghgh sl LonliiBed with
conposi tions of the invention may al so conprise
3orHtEBit i bi BHASS s AN§t aBTEF2RE atilV e othult&ftiSngalso
25138968t . tE?_ef £0RASI t;@&i of cb{agrﬁtgﬁagti Qn l"EMmT@b§Qtion
conpri.se antifreezes aor_exanpl e e ene v
SPGBERONS BPoBYFere GTYaar and i 2 $Tophnetrefi-Y in che
form of flour or granules into which are incorporated
‘the compositions with antimicrobial activity. A subject

of the present invention is also animal feed comprising

'a peptide according to the invention, a host organism

according to the invention or a fermentation
must/culture supernatant of a host organism according

to the invention.

The term “feed” means anything that can serve as food
for animals. The term “nutritional base” means anything
that constitutes the essential part of the food ration
of the animal, constituted, for example, Dby a mixture
of cereals, proteins and ifats of animal and/or plant
origin. Usually, these nutritional bases comprise, fox
example, corn, wheat, pea and soybean. These
nutritional bases are adapted to the needs of the
various animal species for which they are intended.
They may be, for exampie, poultry (laying hens, broiler
chickens, turkeys and ducks) or pigs (growinag and

finishing pigs, or piglets).
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The conpositions in powder form conprise a support.

30 This support nmay be chosen from wheat fl our

starch, maltodextrin, gypsum-and corn cobs. The
conpositions according to the invention have
antimcrobial activity. They provide alternative 35
solutions to the use of anti2hi otics. They may be used,
for exanple in animal rearing or as nedi caments for

pan. 2 tnghgc onpasi tions of the present invention
coﬁprrse—af—~§easf—one peptide according to the
i nvention, but they nmy also conprise other
HQStﬁmé:%" famJdigtianee ) wd tag’ﬁﬁ]ﬁto?t h‘.ecf AGld VEse of a
rinciples, am no acids or m ner a ts. The
Eeﬁﬁé§rtﬁ9%9§%ﬁﬂ%cﬁ%g“@% LRy eNEOR | Gif nakBOpE organism

pessirblieg fty exanplesedOiPhevestt Or stheah NesEStdftng to
teri,tis_in gs ar pouIIr and to prevent or _treat
% ga&Frthﬁ8§t|n§F di% ed<ETF - Faht THEYEonpBSi t Ron§ost
ofrgbheésimnveattondang, fios exanpl e, 1n€éh&ibﬁ0 art malor &
e f a e, Lhed_w utrltlona
%agge eagpesgﬁsﬁ?ncgktlon ?%bgaﬁ soaf§ &Mat%s 19
aﬁVﬁ'ﬁFlpéeéOéoﬁbﬁu genyg faccompsositt |aomedamra:hmg to the
|nvent|on This feed is usually in the formof flour
r granules into which are incorporated the
g@npd%???rﬁﬁ;\hqﬁ?Qmﬂﬂqn BL8Bi aFeaRErTi the AbSubpeet of a
obptheepeesentdingy erd | e | $nalese iani, TRz feeHos: organlsm
i.de ,according to the.invention

20 a, pept
%Qg?&giggglsn1 agcgraﬁn“%%Pthg |ﬁ3eﬁfF8ﬁ(Na%f°Tan9 £o

't@EnenmaEncmonnustﬁcubtum@nnﬁmxaﬁnqnn ofisa host a host

e&gemém acgeegfagn% be inyent 'l%er%'%f Jpe tcg) r a

nmeans anyf at can serve as food
§ﬁrW§P§a TRB témﬁﬁTnu@Flt@ona$t%®3@" ﬁﬁ&@gdawwthﬂng the

hhaéncmbﬁtb@UEESnﬁhﬁlﬁﬁéﬁﬂlléﬁdﬁ@ﬁbeoﬁwihelﬁoégmbﬁhbﬁﬂon

Ohchng . ROLRLy SaNaL! tuted, fon example, by a mxiure

According to one embodiment of the present invention,
this medicament or this nutritional additive is
intended for preventing or treating necrotic enteritis

in pigs or poultry.

According to one embodimen:t of the present invention,
this medicament or this nutritional additive is
intended for preventing or treating gastrointestinal

diseases in man.

Description of the figures

Figure 1: chromatogram obtained by molecular screening
on Sephadex G-75 of the soluble fraction contained in
10 g of cecal content from monoxenic rats harboring the
strain R. gnavus El; the x-axis gives the elution
volume 1n mL; the y-axis gives the absorption at

280 nm; the shaded area corresponds to the fractions
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of cereals, proteins and fats of animal and/or plant
30 origin. Usually, these nutritional bases conprise,
for exanple, corn, wheat, pea and soybean. These
nutritional bases are adapted to the needs of the
various ani mal species for which they are intended.
They may be, for exanple, pé@ltry (laying hens,
broil er 35 chickens, turkeys and ducks) or pigs
Wi ni_shi pi gs, ;ggﬁ) f
éﬂég ag%|$§?7%% Ségég%Flgveﬁ%%g?éﬁso reidf§§§§?§h§25
u§e3B@ peptide according to the invention, of a
host organism 5 according to the invention, of a
straln accorgg_ to the invention, of a fermentation
g’%a&n%ﬁr%ﬁ?%g Y o"PhBCT A ENEFEREBA NG
of atahaefmenpabicennpush Feshsddai G- ABL0tKk NY-4Rikhgives
Lpyention.for the manufacture of medi cament. _10_The . _
bFEsert Sravent i'on Wiso el af's t &tthe Lk of a2 =he
@bp@rEElQDC@ﬁdﬁﬁyDtOmth@.|nwbmmwon 6af kehost: opgahbsmin
accopding 40 thesdduaptdan, of aoslyain aceedlagta. »
the Invention, of a fermentation must of st 15
8 gani8# according to the invention or of a
fermentation nust of a strain according to the
Lhventi nutritional additive or onpi nati on .
GREREE BR  SsRpo Rt el FecliDog ACEU i HGEReRes
Dnemeﬁhﬁﬁ¢m§mmaﬂ0gh@m@resaﬁlqmwenEAonthJtufax1s gives
Fﬁglcgqgngo%r Rﬂi§n£¥tfi$'oai' aqgitlv |q§lnged .
or préeventing or treating neérotic e In pig§
oplpoularymags Aegsrdihy to one enmbodi rrent of- t he
present invention, this nedicanment or this
nutrltlonal additive is intended forI?reventlng or

gaSPFBWﬁthFFWaloztDtalnnd on a cation-
exchange column of the active GF fraction; the y-axis,

Q

left-hand side, gives the absorption at 214 nm; the v-
axis, right-hand side, gives the NaCl concentration in

M; the x-axis gives the time in minutes

Figure 4A: chromatogram obtained by reverse-phase HPLC
of the active CM fraction;'the v-axis, left-hand side,
gives the absorption at 214 nm; the y-axis, right-hand

side, gives the percentage of acetonitrile eluent; the

X-axis gives the time in minutes

Figures 4B and 4C: mass spectrum of the fractions

obtained from the reverse-phase HPLC; the x-axis gives

the mass/charge; the y-axis gives the signal intensity

Figure 5: scheme of the protocol for purifying RumC
from the cecal content of monoxenic rats harboring the

strain R. gnavus El

Figure 6: chromatogram obtained by FPLC on a cacion-

exchange resin of the desalted fraction SN 9-17; the x-
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di seases in man. 30 Description of the figures Figure
1: chromat ogram obt ai ned by nol ecul ar screening on
Sephadex G 75 of the soluble fraction contained in 10
g of cecal content from nonoxenic rats harboring the
35 strain P. gnavus El; the x-axis gives the elution
volunme in nL; the y-axis giwés the absorption at 280
nm the shaded area corresponds to the fractions 28

'%Q§%53§§$§£ttﬁg a%%{nsir Tnf%ﬂf%s nggﬂé Ctlo %&% the

ure ronato ram obt ai'ne by nol
SOBeamtign BtoﬂlstaWdard protelns on Sephadex G 75;

ghea@g@gpsl@hvgs othepgl ution volune in ni; the y-axis
ives the absorption at 280 nm a: albumn 67 kDa; b:

jalGiGr FORESTkBEL I8N chymotrypsin 25 kDa; d:
ti: benucheas®idy 13.7 kDa 10 Figure 23: log calibration

cur v obtalned fromthe chromatograns of
SR AR End T RS i des - o

Prgu the elution volunme in ni;
the y- axrs gi ves the nolecular mass | ogarithm 15

. t C cati on-.

%& Co "%;%9%1%5”&%?' \"jc'é{éedv%y &F& fQQ 183&' ‘&ﬂrmg

FéﬁtIﬁﬁMﬂ{ﬂQﬁyl%ﬂve@Lth@u@bsorpth@n 3tazm$rw@lY©% th=
A4S,/ dHaght~ hand §"—Q§‘<’189Ee%st he,NaGlgeoncentdatign in

20 M the x-axis gives t time in mnutes Figure 4P _:
chr omat ogr am obt ai ned by reverse-phase HPLC of the
adchure CM:f sacwi-an; the y-axis, left-hand side, gives
the absorption at 214 nm the y-axis, right-hand 25
side, gives the percentage of acetonitrile eluent; the
Xigxire gBvescthwet CMe frachilogt es

Figure 7C: R 10 kDa
Figure 8: mass spectrum of the fraction GF 47-50; the
x-axis gives the mass/charge; the vy-axis gives the

signal intensity

Figure ©9: scheme of the protocol for purifying RumC

from the mutant strain LEM 6-17
Examples

Materials and methods

1. - Bacterial strains and culture media

The strain Ruminococcus gnaﬁus El, which produces RumC,
was 1solated from the dominant fecal microbiota of a
healthy adul: (Dabard et al., Appl. Environ.
Microbiol., 67, 4£111-4118, 2001). The strain R. gnavus
Ll14 1is a spontaneous mutant of R. gnavus El1 that has
lost the capacity to produce RumA in vitro but that

still synthesizes RumC in vivo.
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Fi gures 4E and 4C. mass spectrum of the fractions

obt ai ned fromthe reverse-phase HPLC, the x-axis gives

30 the nmass/charge; the y-axis gives the signa

intensity Figure 5: scheme of the protocol for

purifying RunC fromthe cecal content of nobnoxenic

rats harboring the strain ROgravus E1 35 Figure 6:

chr omat ogr am obt ai ned by FPLC on a cation- exchange

resin of the desalted fraction SN 9-17; the x 29 axis

g]ves the time in mnutes; the y-axis gives the
@@oﬁ&ﬂ%ﬂ?QRbQHﬁlgﬁﬁ%ysa%%@@pﬁoﬁeapsziﬂdnﬁt heNaBICM  on

qgnc:@@tcvaaba@n 2006 CORAUGT I WiHY unfdOwW ra@iG i _5705 4o
gﬁ/ e Fl ure 7: nass spectra of the varlous
Fa&t‘ﬁe

ﬁ@naPWeﬁﬂhqgﬂQfﬁ¥%noef “REnCt¥aen xLagi s It
glsvesapblblol%ﬂasﬁdd’iﬁfﬂﬁg gy - axi svgkyes the sighalin.

FLEIRRheeE B TR e 0D S B hhE S S s

QﬁéGvHUn1dt nﬁetmﬁaGMHaln3LEM’9%17the X-axis gives

the mass/charge; the y-axis gives the 20 signa
|ntenS|ty Figure 9: scheme of the protocol for

PUeI Byiag "RHASA fFomareeufant theraFRivEMYOLEELt251is the

E&a&@hesmﬂl&wn@éﬁﬁ%&ﬁs Bagt erimlpStd alns 47
E?pjculture media 30 The strain Rum nococcus gnavus-

WhiEeK *gPodulesS RS -+ 67, 4111-4118, 200I)

These four strains are cultured anaerobically, in a
chamber of “Freter” type under a controlled atmosphere
(85% N, 10% H,, 5% CO,). They are incubated at 37°C in

BHI medium supplemented with yeast extracc and with
hemin (BHI-YH).

Liguid BHI-YH: 37 g/L of BHEI (Brain Heart Infusion,

Difco Laboratories)
5 g/L of yeast extract (Yeast Extract,
Fluka)
5 mg/L of hemin (Hemin, Sigma)
agar BHI-YH: idem + 15 g/L of agar (BACTO™ agar,

Difco Laboratories)

2. Antimicrobial activity tests using a liguid sample

To perform an antimicrobial activity test using a
liguid sample, 10° to 16> C. perfringens CpA cells are
plated out on agar medium. After 30 minutes at zroom
temperature, wells 6 mm in diameter are made in the
agar using a Pasteur pipette. The samples, less than

100 uL in volume, ar

D

then placed in the wells and the
dishes are incubated for 16 to 24 hours at 37°C. If the
sample contains an antimicrobial substance directed

against C. perfringens CpA, the growth of the bacteria
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was isolated fromthe dom nant fecal mcrobiota of a
healthy adult (Dabard et al., Appl. Environ.

M crobiol., 67, 4111-4118, 2001). The strain R gnavus
35 L14 is a spontaneous nutant of R gnavus El that
has |ost the capacity to produce RumA in vitro but
that still synthesizes Run@lin vivo. 30 The

Rum nococcus gnavus strain deposited at the CNCM on

_1% Decenber 2006 Mnder thgpumher @EME- a_fﬁ@éfh of an

derived from rand on1nutagene3|s of the strain I't
5ipgipagapre hef ofr HGEINRg tRe @S vitro, on trypsin-
supplenented agar nedi um (500 g/n1 but not in liquid

is the strain M 9-17. The strain used as
ﬁ?geﬁn‘z% 1he tEEEP vu‘?%/'-"té‘t[ﬁ? i8S { RETIPETEEr iy directly
Gﬂashhgd|unnperﬁm|ngﬂhs €RA (Dabard etamble Ao agar

robi.Q o P L4118, 2001). These four
E?ra%%gu%g%%cugéu%e aero é%ﬁ?s’ in a chanber of
"Freter" type under a controlled at nosphere 15 (85%

N2, ALQ%ehi2-obria1 @) eY- &L€ {,8¢HbaLgd-nazs gﬁgti%row

BEnPASERMESHIM |jiquid BHI-YH 37 g/L of BH (Brain
Heart infusion, 20 Difco Laboratories) 5 g/L of yeast
ract Extract ka), 5 /L of hemn
?Fé éPgﬁﬁy gar ﬁﬁF‘ﬂ%k“dé??Qr 5 "L oP%EJar medium
@BéﬁI@ﬁﬂnagdror 28 Hoirfcice aporat B0 i gg)m2. of trypsin, the
Q0L LTI A0 o d @5lS; UahNgnd: ik Bbfl 93MBl 8 [0 ce
performan anti m acty Vity test usrn
Risq@ictesadpIve,chi0safs 1rgax rp%@twﬁnng@ﬁ@*@pm@@ F's5ageo:

BLated) OulbRnR i3dals el Warpld esc 30: A1 Nt £ §éff09§b‘ is

ténperature, wells 6 mmin di aneter are nade_in the
prepared by extemporaneously mixing 5 mL of superfused

agar medium with 5 mL of liquid medium containing 10° to
10° cells of the target strain. The Petri dishes are
then reincubated <for 16 to 24 hours at 37°C. An
inhibition halo is observed around the colonies that

produce an antimicrobial substance.

4. Removal of the cell debris and food residues from

the cecal content

10 g of cecal content are diluted in 30 mL of PBS (NaCl

137 mM, KCl 2.68 mM, NaHPO, 8.1 mM, KH,PO, 1.47 mM, pH

7.4) and then centrifuged at 10 000xg and at 4°C for
15 minutes. The pellet containing the cell debris and

the food residues is removed.

5. Centrifugation filtration units

These are filter membranes for separating proteins into
two fractions, as a function of their molecular mass
after centrifugation. These systems may alsoc be used

for concentrating or desalting samples.
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agar using a Pasteur pipette. The sanples, |ess than
100 L in volune, are then placed in the wells and the
35 dishes are incubated for 16 to 24 hours at 37C. |If
the sanple contains an antim crobial substance
directed against C perfringens CpA, the growh of
the bacteria 31 .is inhibited, which |eads to the
formation of an "inhibition halo" around the well. The
activity tests may al so be perfornmed by directly 5
placing 10 L of the test sanple onto agar
Ereéfeﬁ ul PR IF FRTEL S pSefr ngERSUCSS Apd | Résobiabe.  In
aoki-vi thskest Uskengmeabeanes t hale grMe | Bragdeg@di dPeq
10 Aféer cul t r| ng for 24 hours on i%‘%r medi um

§

SGpplrénEfred ot ot her@Fge witH 50 of % ypsPadet he ©F
stiyien hposentfioakl.y Theodueiing: an: anhe nkgeobhnalis made as a

e 0 A fge msdl um
?@%ﬁ%g?ﬁ, ﬁg %h% é’%rﬁg‘} 145 ag%?/ %? § ar ni HS r eabcd and
Par gete s?rlﬁl-@LITmlerQi@g@rI |Sh°pm@p@me3dleby Tabl° 1) .
%tc@,apowm%ga%lﬂspm ¥hRYsS e Qf %Q%rflé%%%mqgl%f fo the
mediumwith 5 nL of liquid medium containing 104 ]
1OSCCECELOBF t REVANGEt St ai W°Th@aPEFFFtEF§ﬁesIQP—’e the
EHQECEEI@ﬁUbﬂﬁﬁdt@Qh 16ft orddohoussg att el CceM rd@uga=ion
inhibi tion hal o leobserved arﬁg}nd t he, col oni es that
5PSatce VANt 'm cPobraM S dbsERATCET 4~ 1 HRirolaF S of SEREDLe
esl b debcitdocandif 6bg mesictgasyf radmtishesasmdlad. cont ent
25 10 g of cecal content are diluted in 30 nL of PBS
NaCl 137 MM KCl 2.68 mM_ Na2HPO4 8.1 nmM KHZPO4
aptemi: pFhayagyeahdct Ren Uent PRt Jgdd TRt iTD 00DKES abged
ah 4Gef eburtd mitNuhes rRukle RAl Bl LoMRIdENG the cel |
debris and 30 the food residues is renoved.

Name Type of membrane ICut-off Maximum
threshold voluﬁe

Amicon® Ultra-15 PL-5* Regenerated !5 kDa 20 mL
cellulose :

Microcon® YM-10+ Regenerated ilo kDa 0.5 mL
celiulose

Microcon® yM-2+ Regenerated 3 kDa 0.5 mL
celliulose

Vivaspin 500-5000MWCO** | Polyethersulfone | 5 kDa 0.6 mL

Vivaspin 500-3000MWCO** | Polyvethersuifone | 3 kDa 0.6 mL

* product of the brand name Millipore; - ** product of

the brand name Sartorius

o~

6. Molecular screening on Sephadex G-75

Molecular screening of the supernatant of the cecal

-

content 1is performed on a column of Sephadex G-75 (2.4

x 187 cm). The sample (the volume of which is about 2%
of the volume of the column) is deposited on the

column, the elution being performed at 4°C at a flow

rate of 1 mL/minute using PBS and 600 2-mL fractions
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5. Centrifugation filtration units These are filter
menbranes for separating proteins into 35 two
fractions, as a function of their nolecul ar nmass
after centrifugation. These systens nmay al so be used
for concentrating or desalting sanples. 32 Severa
manuf acturers sell products f this type. in nost
cases, the nenbranes are made of regenerated

_lu - they pmay also be nad

%gEJI ye!fﬁgr%u%%ne& Tﬁe cﬁ%‘r“o 5 éD)Ps“tae“r?ﬁds Mdespgiing
&hef gRadret ioh tate 288 ume of ¢¢rehs@r@¢tesomo be treated
and of the cut-off threshold of the nmenbranes (Table

1) These filtration units were used according to the
/nsMUQGUERE HSHRATEND PR HePTanuf acturer for the 10

choi ce of the type of rotor and the centrifugation

g ee ed. _However, the centrlfugatlon times were variable

I FURG | GEISIERE viRtosFE§ of CFh¥Ssafl e frpapiiens: is
Cearfactrerd stri acheofFRhe éysteati oReuBkhplused 1B2ded onto

h f tion test e o0
SO r? CoB) by SUBHIRA 10, 8% R VBT uheE Rerdiicare -
Oher a- $3UPLOB* Regenarattienr™®2®Da 20 e  cElowl ossmte  of
M. er aeomi ¥M-10%, Regepgg at Q‘glel(b‘f%l% 5mr£€‘%ef$ul Hhﬁ%‘,gd is

crocon0 YM 3* Regenerated 3 kDa | ose
PSS 500- SEGRWAGOS: F’B?ye"fal*re’l’%ﬂjrcf’%)néHS HPROPBEOL at
szas:amn 510% BQQQng’E\E@hd’é P@cb:h‘ﬁjl&l@bﬁ&if@n%o? EDgnirQu fel.VLoL
roduct _of t orand _nane i ** product o
=EH § vare g o TS % Wi Bcul ar screeni ng on

e% bran narre
Sephadex G 75 Mol ecul ar screeni ng of the supernatant

af. e cecaly cation-exchange CM column

Cation-exchange HPLC is performed on a Water 6008
Controller equipped with a Waters 616 Pump injector.
The sample (0.5 mi) 1is loaded onto a CM-3SW Spherogel
semi-preparative column from TSK. The elution is
performed at pE 5 in a 20 mM sodium acetate buffer and

—

at a <ZIlow rate of 0.8 mL/minute, using an NaCl
concentration gradient from 0 to I M. During the firs:
20 minutes, the elution is performed in isocratic mode
without NaCl and then with a linear NaCl concentration
gradient from 0 to 0.5 M for 30 minutes. The elution
then continues for 5 minutes under isocratic
conditions, then a jump to an NaCl concentration of 1 M
is performed over 1 minute, before continuing for 15
minutes undaer isocratic conditions and, finally,
returning to the initial conditions. The bprotein
material eluted is detected by measuring the absorption
at 280 or 214 nm using a Waters 486 Tunable Absorbance
Detector. The fractions are collected automatically and

y - . . ® -
then desalted using the Amicon Ultra PL-5 systems.

9. FPLC on a cation-exchange column
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content is perfornmed on a columm of Sephadex G 75 (2.4
X 187 cm . The sanple (the volune o which is about 2%
25 of the volune of the colum) is deposited on the
colum, the elution being perfornmed at 4C at a fl ow
rate of 1 nmL/m nute using PBS and 600 2-nlL fractions
33 are collected. A chromaBdgramis obtai ned by
reading the absorption at 280 nm of each fraction. 7.
Mol ecul ar screening on FPLC 5 Ml ecul ar screening of
the active CMfraction is perfornmed on the FPLC
Spstenre¥pbasgrpl ehfempbadedrbies ardi Loedf @6n6 on
Buper dex 130 pﬁnsogaﬁelé%#%w%r %)nto Thegel Hﬁégn 1510

gafowmdataflmNrMe()l .5 b/ mnute wt
te Fpr A hat €F i Hpaebbeage)s %e%%‘éﬂlfb@/ FrBaderitpgmed

hbepMaslahJ@n201mengHumHh@@faQSObﬁHEeIheuE&a@tbﬁnﬁac1
Iutlon re collfcted

rres ing to 2 .m nutes of
8 Poﬁa gﬁpg IERSE TR IOR O ag8at|0n xchiangelemon is
petﬁnnméﬁtlbovexm@ananHREC uswpeﬁtnnnﬂﬂunnn@dﬁataﬁShout
S nt equi.p rs 6
?%@ec og? E{Tmeggarr%l&e %edg\nnhu/ ogde nt%ﬂggjcﬁlsgwen
SpRERBHEF 20 s*%nf-l@‘ﬂeﬁéﬁét@% eomwfﬁurmrt@mm Jheinear

Rhoti eibricended sAredraliBHS Fhod 20 HM SPH UM over 40
acetate buffer and at a flow/rate of 8 L/ m nut e,

BeFHG=8n Hﬁﬂﬁmﬁﬁrg?lUﬁléﬁad?%Hteéroh$OCFG?FQQO by
BeabngihgedﬁawﬂaVEHtInmutesaHdhrﬁﬂiﬂnOatlSBDe&ﬁOTWEdmL
~ngae t a t hen
P R o o anad b o Gt R Y o o peHodssqt ced
Pérssg RRliut €48 Thecelhdeesn then continues for 5
m nutes under isocratic conditions, then a junp to an
NaCl concentratlon of 1 M is perforned over 1 mnute,
8VED § €15 30 ni nutes under isocratic
conditions and, finally,

Reverse-phase HPLC is performed on an Alliance Waters

1690 Separations Module chain. The sample (100 uL)

\

acidified beforehand with 0.1% trifluorocacetic acid
(TFA) 1is loaded onto a Vydac 218TP52 250x2 analytical
column. The elution is performed at a constant flow rate
(0.5 mL/minute). After elution for 10 minutes in
isocratic mode at 15% acetonitrile, a linear gradient of
15% to 30% -acetonitrile is applied over 60 minutes. A
jump to 70% acetonitrile is then performed over 1 minute
and the elution continues for 19 minutes under isocratic

conditions, before returning to the initial conditions.

The protein material eluted is detected by measuring the
9

Photodiode Array Detector. 0.5 mL fractions ar

variation in absorption at 214 nm using a Waters

\0

@)

()

5

collected automatically. The acetonitrile is evaporated

off using a Speed Vac Concentrator (Savant).

=]
-

Mass spectrometr

The mass spectromeiry analyses were performed at the
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returning to the initial conditions. The Drotein
material eluted is detected by neasuring the
absorption at 280 or 214 nmusing a Waters 486
Tunabl e Absorbance Detector. The fractions are
coll ected automatically and 35 then desalted using
the Amicon CP. Utra PL-5 systens. . FPLC on a
cati on-exchange columm 34 Cation-exchange

t og [ are r d on PLC g¢hai n,. The
@Qﬁﬁ%ﬁg |sb?%gc?§gn ontoqglgl—ﬁ%? ep 18T§8OE IC—)I% col’ lﬁlnaﬁm
V@ESﬁéallﬁﬁcaFé)anceThe elution is performed 5 at pH 5
in a 20 mM sodi um acetate buffer, using an NaC
ggcentrationc%dradl ent fromO to 0.4 M The elution is
BBFT OPen FEPEG T Rat d i SoGvat ETfodEbRRERBEL On | an
BaChn atMaldi-omf at exef 2ZspeliarsheeerThe(ed ut iHenitheRire,

gggklagges &yeq@nfloyrate of 5 mi/mnute with a |jnear

concent’ratl on-gr adt edtCTton{® to ' CH MRS AGth
f#ehaves. Fherprotebn n@&heri abmelletsed aire debeetedthyiized
feasuri ng tﬂ&/Mﬁ“@él@ﬂldI{ FOSgr Btv' ap_gt ngﬁgo§yc1nnamlc

fractions are coll ect aut onat | cal‘ and
8esdl O&d thh MepdPakerees cakd rFagesirylBingp method. The

Rp&etse a&@s%dﬂﬁé@vmﬁﬁ RRase-dPLG-dsi per o BRE: QT of

. |an€ V\ﬁ% 690 Separ at.i ons. Modul e chai n. he
sarrp 0 "uL

as%ﬁ gt?w&lrfl 9- befor BR&N@LRILITHTD. ]1‘%’ in
@rdfetuot@accmu@lzamaj (GFA) issidroeided Qtidrat\Mydac of  the
2080092 230x2-analo I;calecalyum. mJJ(%O gLyt <l/=.8qHIUFé),10n of

performed at a constant ow rate

Af t 389G on FHECUDE ni Wit esPERCIdiedcr & ¢ molen at ma5%es
asebankLl i Leseaplbneas, Cikadi ent-0f-35 15% to 30%
acetonitrile is appli ed over 60 m nutes. A junmp to

70% acetonitrile is then perforned over 1 mnute and
Fbe ekutrdn (s(amplraﬂsst}ﬁm dQemaiffissulndefo | §8¢EaLICH ze,
ggﬁdbglgngsta 9&%*1 Eurglgléé%tggélégiﬁéua solution of
2,5-dihydroxybenzoic acid.

12. Edman seguencing

This technique is based on the reaction of a free
terminal amine group of a protein with  phenyl
isothiocyanate (CgHsN=C=S). This cyclic compound performs
a nucleophilic attack in basic medium on the first amino
acid residue of the protein. The phenylthiocarbamyl (PTC)
derivative oif the peptide 1is then cleaved off by
hydrolysis. The anilinc-thiazolinone (ATZ) of the first
amino acid and the protein having los: this amino acid
are obtained. The ATZ-amino acid is then converted into

phenylthiohydantoin- (PTH) amino acid.

The PTHE-amino acids successively obtained are separated
and identified by RP-HPLC by measuring the absorption at

280 nm and by comparing the elution times.
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The protein material eluted is detected by neasuring
the 30 variation in absorption at 214 nmusing a
Waters 996 Photodi ode Array Detector. 0.5 nL
fractions are collected automatically. The
acetonitrile is evaporated off using a Speed Vac
Concentrator (Savant). 35 1B% Mass spectrometry The
mass spectrometry anal yses were perfornmed at the 35
ThADRE PEALOME G- PL atRaU IQSCIMeapJQcPhQﬁga%uc lﬂads to
Marseilles, France). The mass spectra. of Maldi type
WereSBBrarfisdoon R PEOEEEah Mal di - Tof Pro
spectromet er (GE Heal t hcare, Uppsal a, Sweden) . used

inp ghglve ILnear node with del ayed extractlon The
eaﬁﬁges—a%e—%é—%?§§ﬁéﬁl|zed with a 5 ng/nL sol ution
of c¢x-cyano-4-hydroxycinnam c acid on t he Mal di _
farget be gdry._dro d. ecifra are for
ac C8‘|‘(alrte:§:lea E)ﬁ aﬂ aé@a grgﬁt‘%% po elt Q IYTHAr Shd TO7
%4I5§@¥Spémerf@§1 19 ﬁh@lﬁﬁﬁinu®¢¢eﬁevenn2 orldetubes and
©ht at inas goed §hgﬂa5enC§ELgb%H|%@ &fg olhe L§pe§brﬁlhﬁt=s

obtai ned i n _external node via acquisition of

LREnFa'd RS ofTH emais&“t%domkﬁow‘i"lr?é]ss?esml?r 0.1 M
¢Pepatx du:s £ese(bia£absaybﬂce1 E@&ﬁ@e)NaEQFBQ@rhgv&L, DH

appleg th re_difficult to crystallize he s
%oggryé%alﬁﬁfgtlo%klg per f ormed™ usfﬁ LEH |8ﬁn8flnln9
nsreahyee oxybenzent raciidns20 1= Edﬁnneseqﬂewckngtro—N—
LSy ed he-r¢e

P e M A L R e R

i sot hi ocyanate (C6ii5N=C=S) . This cyclic conpound
DPepierps @onugkeopli ldie ald Bekibis basés rdl H{Eﬁ 88skheing
flf% g]g acid residue of the protein. The

y¥thtécar

%ﬂe banyl (PTC) derivative of the peptlde IS
t hen cl eaved off by
Tubes 1 (To) | 2| 3] f P
[NG] final in ug/mL 0 [ 25 \ 200 | 400 { 1000

The tubes are then incubated for 30 minutes at 37°C,
before being centrifuged for 10 minutes at 5800xg. The
pellet is washed with 0.1 M phosphate buffer (KH,PO,
13.6 mg/mL, NaOH 2.32 mg/mL, pH 7) and then taken up in

-liguid BHI-YH medium.

. L® .
14. Desalting on Sep-Pak Cl8 cartridges (Waters)

According to the models, these columns are in-the form of
syringes into which the phase is poured, or of mini-
columns fixed to the end of a syringe. The flow of the
puffers is ensured by a peristaltic pump. In a first
stage, the column is equilibrated by passing H,0 and then
CH;CN and finally H;O containing 0.05% TFA. The sample,
acidified beforehand with 0.05% TFA, is then appiied. The
elution 1is performed in <three steps, by successive

addition of HyO - 0.05% TFA, 40% CHsCN - 0.05% TFA and



hydrol ysis. The anilino-th.iazolinone (ATZ) of the
first 30 amno acid and the protein having lost this
amino acid are obtained. The ATZ-am no acid is then
converted into phenylthiohydantoin- (PTH) am no acid.
The PTH am no aci ds successively obtained are
separated 35 and identifieddy RP-HPLC by neasuring
the absorption at = 280 nm and by conparing the el ution
dses. - 3. oJdhergeaction cycle may ‘be repeated and thus
| eads to the sequence of the protein. 13. Random
mut agenesis 5 A culture of 14 nL of the strain L14
mhaehat ef-d@fio2d heues ah3/C isidiviged i phe seven2 or
ubes the tubes are. then centrifuged at 5800xg
CoF R EIITEs = HIE QU9 P I 505 SFbehESRoqY, siBe colimn
5 wirch ©2 mMheofsdlds N dbaci tsmt SRbuUf e Eellotiieonaddh2lining

. LEL.RH 509 @nd.then 4
C|t?2% u?fe?§%g%t§}nlﬁgl ?Rc%é%glng ‘%%cgéﬁpaﬁfgwglon

GRAN- FRE hyiTag it r eoN-a pii ngs cguanpdione 1NGii Juged with
povwRr f ubn el agenh 65 ageriv 1§r£ééhsn? V%Hggeﬁgiv%? is

sol utions used during desalting
EYGPCoras e 5016 Msing & i FRSgSh XanrL PnEeRErEPoIPr &
10 2004C0dr , 10RQenthect whesha e-dihem i ncubated for 30
m nutes at 37C, 20 before being centrifuged for 10
m nutes at 5800xg. The. pellet is washed with 0.1 M
p’h@i@heﬁ el riglifcfagre § K&@P@rblmﬂeﬁ ag/ akchNaOtHu2 132 ngedl o
/) apd thhen tak up dium_ 25 _
. De?éQFﬁngggn Sgg %Qc cargﬁ*ﬁbgg%fmaréP% th
R@66F$QQ}H9@ t ke nB&@Fs FﬁeseR@§WGﬁﬁs and | ditskaskoom) .
15 hessyrvo0gted naepmhbcta;ﬂ henehastds pPOULRE, B Ofe sep-
? nlh colums fixed to the end of a syringe. The fTow -
e

0]

Table 3: Volumes of the solutions used during Sep-Pak

as a function of the applications

20
Desalting of:
Volume of: ' SN 9-17 Active CM
fraction
Phase 12 mL 1 mL
L ElH0 I 20 mL 5 mL
—~ A
= B CH,CN 20 mL 5 mL
2 8m,0 - 0.05% TFA 30 mL 5 mL
. Sample 30-35 mL 50 mL
< [H0 - 0.05% TFA 30-35 mlL 15 mL
= | 40% CH,ON - 0.05% TFA | 20 mL 6 mL
CH.CN - 0.05% TFA | 20 mL 4 mL

15. Test of temperature resistance

Aliquot portions of fraction containing RumC are

a =
25 heated, each to a different temperature, using a
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30 buffers is ensured by a peristaltic punp. In a

first stage, the colum is equilibrated by passing

H20 and then CH3CN and finally H20 contai ni ng 0. 05%
TFA. The sanple, acidified beforehand with 0.05% TFA,

is then applied. The elution is performed in three
steps, by successive 35 addi3ti on of H20 - 0. 05% TFA,

40% CH3CN - 0. 05% TFA and 37 C}BCN 0. 05 % TFA.
ABeeenbr apldansearest s £l keaheds ! hed fﬁ&iﬁogtom at
corresponding to f he protein not Fetaihed b

g6Fum ThsYand 4% tHesal $5P{$Fa2ei 0ACNRRR tﬁ@-ﬂﬂﬁ@tﬁ@ial

-gentakpingekhe protein diluted with 40% CH3CN (40% ACN

fraction) and the fraction containing the protein
diluted with 100% CH3CN (100% ACN fraction). The
sel.veatkti of eWapemsdisednekfl using a Speed Vac
Concentrator or a 10 rotavapor, depending on the
vol unme. Table 3 indicates the volunmes of each solution
ddedupor poheidesal ¢f nge off fagrtdwnscairtaimed f Ramd hare
e%héheatéﬁ&r&hrﬁgml (thcnfﬁ?lﬁa“ t$ a Had' dONhyskar,
hese vol unes depend on ase vo ume o t e Sep
baRerTéﬁl IUNRT uRes TOPTY ﬁ@wm+% useeh da@ﬂ-nglor is

_Sépogak.ﬂaa%rﬁ £ unethepiaf Std'lf—‘ @pﬁbaca‘t*led‘"‘:a"zﬂ)n unit and

saltl Vol une of: -17 Active CM fractlon

g8e 1 31—‘%&@ aﬁf@@o”ﬁ SR G CRPBYTRETETRE’
6HBSrBﬁChon©"OS%h@FADEGfHk 5ipl aSdepgl e t30- SﬁowLﬁﬁacﬁhon
retained by the Vivaspin 500, and the filtration unit
is then recentrifuged. The volume f each of the
fractions retained by the Vivaspin 50C 3 kDa, i.e.
containing RumC, is adjusted with buffer to correspond
to the starting wvolume. The various fractions are then
stored at 40C before being subjected to an

antimicrobial activity test.

The Vivaspin 500 3 kDa filters do not withstand bpH
values of greater than 9. Only buiffers of acidic or
neutral pH were thus tested. The composition i1s as
follows:

DH 2 buffer: 50 mM KCl - 13 mM HC

" pPHEH 4.4 puffer: 0.2 M pH 4.4 sodium acetate buffer

pH 7 buffer: 50 mM KE,PO, - 39 mM NaOH

Results and discussion

1. Purification of RumC from cecal content

Although the strain Ruminococcus gnavus El is
culturable, RumC i1is not produced in vitro under the
culture conditions tested. To purify RumC, it is thus
necessary to work using cecal content from monoxenic

rats that harbor the strain E1 or to create a mutant
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H O- 0.05%TFA 30-35 nL 15 nL 40% CH3CN - 0. 05% TFA
20mL 6 L CH,CN - 0.05% TFA 20 nL 4 nL 15. Test of
tenperature resistance Aliquot portions of a fraction
contai ning RunC are 25 heated, each to a different
tenperature, using a 38 heating block for 5 or 15

m nutes, and then stored at 394C. They are then
subjected to an antimcrobial activity test. 5 16.

.of pHQy esi nce- Al Lguat portj ; fraction. .
Sona iRy T et s orb iy el o e e
{ReedeSFFeanbéf fer. After 10 minutes at room
tenperature, each solution is 10 deposited on a
Vivaspin 500 3 kDa filtration unit and then
Lehtr DFUGECRCEEr ARG GODRE NrakGIat fFrgRanLC rats
instructions. The buffer is added to the fraction

tained by .the Vivaspin.500, d the filtration unit
?E“tﬁéﬁsFe5§%3i?%@%ﬁgtT%el?méy%gﬁﬁn%%kﬂﬁo?efﬁg ggn-enc
fraBBbBons retai ned by the Vivaspin 500 3 kDa, i.e.
containing RunC, is adjusted with buffer to correspond
to the starting volune. The various fractions are then
5t or eB=RPVALE Bgféhé BelAgistBjiect ed to an
antimcrobial activity test. 20 The Vivaspin 500 3 kDa
iIters;g%fnothmﬁthsLand off values of greater_ than.
HEEREy SBOGF FRTSORF EEFE O'or PUREGEFAF 1R weree t Rgsteria,
tlest ectliThéslconposind orhé s fasd fodd DIGes 28rpH 22moved by

uff er = - KCt -, 13 off 4.4 buffer: 0.2 MpH
gfﬁ““‘IU§Q s “Bﬁffgggﬁgéo?tbﬁffer:

sodi um acet at e 50 mN, KH2PO4
- 39 MM NaCH Results and di scussi on

1.3. Concentration

. . — e e . ® - -
The solution is then concentrated on the Amicor Ultfra-
15 PL-5 system, before being applied to a molecular

screening column.
1.4. Antimicrobial activity test

All the fractions obtained were tested on the strain C.
perfringens CpA, which confirmed the presence of an
anti-C. perfringens substance in the cecal content of

the monoxenic rats.

A negative control was performed with cecal content
from axenic rats (microorganism-£free). No anzi-C.
perfringens activity was detected. The anti-C.
perfringens substance present in the cecal content of
the monoxenic rats is thus indeed specific to R. gnavus

ELl.

Thereafter, each purification test was followed by
anti-C. perfringens activity tests. In a first stage,

only the presence or absence of the activity was
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30 1. Purification of RunC from cecal content Although

the strain Rum nococcus gnavus El is «culturable, RunC

is not produced in vitro under the 35 culture

conditions tested. To purify RunC, it is thus

necessary to work using cecal content from nonoxenic

rats that harbor the strain4® or to create a nutant

39 strain of R gnavus capable of producing RunC in

¥ELEQed(See 586 onAe L d. DhLyfLoncpb.cecyl. content,

form nonoxenic rats 5 The first step consisted in~
deFbttRg W ecaPt coreeprciatedByrian 2. tRempaERSsftivity

theeedbll adebFi sthd 0 dawhmythde seeomei siepPvdf tests were

ggri%Leg&ion the bacteria, tthg cel| debris and the
564°FB5Pdues are rEnoVEd byE2EEnt r FRGHat iC6F offdfHditive
peoabcodnwest estibl.i3heGoncentrati on The solution is

t hen concentrated on the Amicon0 Utra- 15 PL-5

system before being applied to a nolecular screening
éoPunifoleguiaz. spmeemiicecobirala danhadax t@&stsS Adlure
fractions obtained were tested on the strain C

_gg&fringens CpA, which confirmed the presence of an

SAETFE. FerTTrHenyasupREEREETRA tHe BecBfPladernCG-75
ebluimhe (DNOXeniTe7 aics) .A nRgatd Me: Lot ek WaSnitored by
erforge%ﬂﬂth cecal .content _ fromaxenic rats

RRer8ar gant srPFPER) “ORo 3nt P2C ™80 SferFFFhg&its the 600
detivicrpcwasndetedfiedte®he anti-C. perfringens
substance present in the cecal content of
Antimicrobial activity tests were performed on the

. N . . ®
fractions concentrated beforehand using Microcon YM-3.

Fractions 325 to 358 proved to be active against C.
perfringens and were pooled to form the new active GF

fraction (shaded area of figure 1).

A control performed with cecal content f£rom axenic rats

led to an elution profile comparable to that obtained
with the cecal content £from monoxenic rats, but no

anti-C. perfringens activity could be detected.
1.6. Evaluation of the size of RumC

Irn order to evaluate the size of RumC present in the
active GF fraction, standard ©proteins of known
molecular masses were deposited on the same Sephadex G-
75 column and the respective elution volumes were
measured (figure 2A). A calibration curve defining the
proportionality between the logarithm of the molecular
mass (log (MM)) of a substance and its elution volume
(Ve) ‘was then plotted (figure 2B). With a mean elution
volume of 683 mL, the antimicrobial substance is not

within the range of the chosen standard proteins, but
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t he nonoxenic rats is thus indeed specific to R

gnavus El. 35 Thereafter, each purification test was
followed by anti-C. perfringens activity tests. In a
first stage, only the presence or absence of the
activity was 40 studied, taking care to ensure that

the negative results were #dt associated with the
sensitivity threshold of the technique. Quantitative
best sewgoop@fﬁeﬁned ifsa sesosdushage, myden thailg  bpe
definitive protocol was established. 1.5. Mlecular

%EP’éSﬁHﬁ‘at ﬁya SEapHAREL &S75 3 difr Mol ecul ar

screenl ng was perfornmed on a Sephadex G 75 10 col umm

7 lytion vwas nonitored readlng
he a s%?rf)‘ n)ﬁralph%(?%nm o eac B?CqﬁnegBG(Fg
fractions collected. Antim crobial activity tests wer e
perhgr mg,on Lhe;He15 éﬁaC&'r%%S ncentrated; oy
befo?ehand u5|nglNFcroconC * %ﬁracéloggqéfg 0 3689¢
BREPBELPETrBBNECt PRe Cageﬁ%ffsk?om“ Pertri {gens -andrheregel™

peol.ed tvasf ahmlm%w@ﬂﬂgeaﬁﬂvié ag{keam(shadediytion
area of nt r ol gerforrred wi th cecal

0
B6R . BRrtPFdaran ot AaeL | G eeRERe ot Gh, BReprBREl ot D
Bonmpacabhbeitorthattobtlai med (fiidur< I .cecal content
from nonoxenic rats, but no anti-C perfringens
activity could be detected. 25 1.6. Evaluation of the

- SheeagflRAFE FF el the ' sNeguanentahesspzeanf Rantactive

puesentradt ithe , actinecior fractieporsiandard pr&te' NEacl
of known 30 nol ecul ar _masses werée deposited on th

SaRESBEPRAdER %750 col ffn Gt ¥he Pé§peﬁ~t%%+%t‘ﬂ%%e it

poksB3Iewere eliminate contaminants in the fraction not

retained, especially all the yellow pigments.

Analysis of the active CM fraction by mass spectrometry
shows that it contains a single p=sptide of about 4200 Da
(result not shown).

Thie fraction was subjected to N-terminal sequencing.
The first 11 amino acids were thus determined:
AGVIX(N/S)GTXAV (SEQ ID No. 10). This sequence does not
show any strong homology with known proteins.

The sequencing also revealed two minor sequences.

1.8. Reverse-phase HPLC chromatography

Various absorption peaks at 214 nm were obtained.

Activity was revealed in the two fractions designated

as a (or “double peak”) and b (or ‘“single peak”)

(figure 4A). Analysis by mass spectrometry of these two

fractions revealed the presence o0f three major

peptides, the respective molecular masses of which ars
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measured (figure .2A). A calibration curve defining
the proportionality between the |ogarithmof the

nmol ecular mass (log (M) of a substance and its
elution volume 35 (Ve) was then plotted (figure 213)
Wth a nean elution volunme of 683 nmw, the
antinmcrobial substance is it wthin the range of

t he chosen standard proteins, but 41 by

Bxtivapal abbonanit 9480l eeul(@: BsS wallgidec) .

approxi mately eval uated as 5200 Da. 1.7.

Chr omat ography on a cation-exchange resin 5 Using the
abei err@E fdesacidrone £ areati ofrexchange <SHTBRE 0giapRyain

n carboxynet hyl . (CM, -_ Spherogel.” col um S
B BB ey SR LSS S I e B A HE | ggyeloped,
peef or med eriud aan MaGtesgomgent rad i bongeadhenye athpHmato-
Q an i é 4 i o, Th ctivit
PP ind Dot veon T itee a2 an i e Gt thbdon
Praéiiisn) cPoRRine e edpipdsaPdeafoNgdiose of the first
eeBeentdeatd 1¢ped. OTRet @uUACS MirThi sat e6hNIEUe JBOES | Lty
15 goaS|bL§Qto gllnlngkevganta nants in the fraction
hoP= CPBEAPNEI2 EsPBEI APFTSAPE S e PP Si gnent s.
Anal ysis of the active CMfraction by nmass
ect Jy .hat it _contains a single peptide

2?va6%u?_&208uE§3926EE§e§ﬁF? %ﬁ “Shown)-CEThr's ??E%iibﬁom
Fasasubpecert t6 Nhwoenninafigeggeci ng. The first 11
am no acids were thus determ ned: AGVI X(N S) GTXAV

ing D No. 10). This sequence does not 25 show any

t FonGURORBFBgY ORI YASRASWATFr 686°F<S The sequenci ng

al so reveal ed two m nor sequences. 1.8. Reverse-phase

PLC. chr omat ography 30 _Various absorption peaks at 214
B vt Bl Heder ABCTVRE, s CrEVeRred 19 Che: Dhotiizs

(RATY | aesieyi ghat el solution is defined as being the
inverse of the last active dilution. A test of anti-C.
perfringens activity was thus performed on serial
dilutions (twofold) of each active fraction derived

from the purification.

The purification factor is obtained by comparing the
specific activities, expressed as AAU/mg oZ protein, of

each fraction. An estimation of the amount of protein

. in the various - fractions was deduced from the

measurement of their absorption at 280 nm using a mass

extinction coefficient E°f of 1.8.

Table 4 gives the activity yields and the purification
factors for the steps of the protocol for purifying

RumC from the cecal content of monoxenic rats.

Table 4: Activity vyields and purification factors

during the preparation of RumC in vivo from 10 g of

cecal content of monoxenic rats
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as a (or "double peak") and b (or "single peak") 35
.(figure 4A). Analysis by mass spectronetry of these
two fractions reveal ed the presence of three nmjor
pepti des, the respective nol ecul ar nasses of which are
42 between 4230 and 4460 Da_(figures 4B and 4C). The
purification of RunC from cééal content was agai n

performed using the three chromat ographies devel oped,
5 i.e. nolecullar scregn;bg,s gation- exchapge chromgto

rotein

gr aphyctded reyer sem)phase chromat’'ogr aphy. Thd wleatijon
- i re cApBy abll ™8 It BABE D] t he flipugis.

ﬁ&&ggngﬁyelopéd.3ghe Runt,go pur i fizgat|i on net hodgéss |t hus

[eproducr bl e and_ray [Ther ef ore|be adopred. 10 The
sSthere-summarizi A§ the pafificatibn lof RunC'f ridh 1

cacahcenrEem | i sishown | 8séigutex® |1. % 3Purli fiseat|i on s

ields and factors 15 Bg Conventi on, t he nynber agf
AFBE r Hry—aeti it —uni- 520 BPlesient®ih-g <8futli oA°

vy, At dl v 561 ETaY]

1 A AL
T \I_V_\\J/
hscigefamned as | beiing {he 1vever se. nfs t he2b@st] aeki e1200

“mﬂ%b%QxAA test of anti-C  perfringens acffivity was

~-1.5 . .
a noadl et A Al N A Anc n
TS per—ornet—ohi—S Far—zZ2o—6H-HHH-6RS (t\:"vuf al q_)3960f

r =

pacheantive fiacti.enlderisved frem tlhe purifli catidn

dhe purificatiop.fackor is obtained by conparing the
specific activities, expressed as AAU ng of protein,
bf CQTRbaéhleRacet ohle ART@SERARL ABNWBf the anount of

PROL ebpn i M the arari qus Jagthongemas sdedyced fromt hegpe
ne93ﬁrenen of their_absorption at 280 nm ysing a nass
Bt Fnct FBRPEbef Alci it ¥ 01Y 1. BD18F TAORE 4 TGiVes t hethe

Bcacvidy yields and the purification factors for the
SLER2. Ol B8 6l o MY LIRS LOLLE 11 o
SA: anti-C. perfringens specific activity in AAU/mg

SA = anti-CpA A./Mprotein
Yield : activity yield for the purification

Yield = 100 x anti-CpA A.cest fraction/anti-CpA A. nomogenate
F purif.: purification factor

¥ purj—: . = SArest frac':ion/SASN
1.10. Determination of the peptide sequence

\1though the molecular masses of the productis present
in the *“double peak” and *“single peak” fractions are
different, Edman seguencing made it possible to
establisn a single major N-terminal sequence:
AGXIXSGSVAV (SEQ ID No. 3).

In the two fractions concerned, a minor sequence of 17
residues was also revealed: AGPAYXVGYXGNNGAVT (SEQ 1ID

No. 2}.

2. Creation of a mutant strain by random mutagenesis

The technique adopted was random mutagenesis of the
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Table 4: Activity yields and purification factors 35
during the preparation of RunCin vivo from 10 g of

cecal content of nonoxenic rats 43 anti-CpA A

nprotein SA F Fraction V (nmL) | Yield (AAU

(AAU ng) purif . Honogenate 39 780 nd 100% SN 32 375
375 1 1 48% 1 Concentrated4$N 14 350 270 1.3 45% 1.3
Active GF 66 205 20 10.3 26% 10 Active CM1-1.5 170
Qtﬁégﬁg- A2 a’zxglé 5200 I%@l@c%% 1Js L %lp%%n_% D%%éo mutant

Single pea 5 50 nd n.d. = not determ ne
Yol %me 963fa“f"’r?e ?4‘ actPen haf nloght ithepaawaciant i u@ D’”Odu”e
perd r i pgensract bvkt hdt. escihe s?@il@és:{%@@eﬁurﬁ‘f’ in vivo.
ctivity units contained in t ction
Tor SEEHE Hass SHeBsR0 aith T nopHSTFrhcet B abkpe csgER®
N ymanghy ISAT’ -amitd =cCN pardfrdsegens1isiieel f(NG)activity in
AAUng SA = ant _ - CpA A /nBrotei.n Yield : activity
yield for the purification 10 Yield = 100 x anti CpA
N i@set f pactionsamii QA $aheonogehatre of purd fstrain 114

&%%$ftﬁéé|QQD6§680E0F1@533581 fﬂgﬁﬁgnjféuﬁﬁﬂgﬂﬂLﬁﬁs
10, Deter mn@al on_ of peptl de sequence

’i‘he hP @t
suopbhei peakwegnd disiutt® pedk':Hdracdlnsdab@t on Petri

' en seque cin de it _possible. to
CSTUET  SROHTSTRG) & Ml NT B 7l 2Ceqtentaisiga made
HCXpXSSEY IS/ ‘GSE@SLDmN@F 3he concentration of live cells
in the various suspensions.

By comparison with the control concentration (tube 1,
without NG <treatment), a mortality rate could be
determined for each treatment. It appears that the

treatment with NG was effective: the mortality rates
are between 50% and 99% and increase with <the

concentration.

In order to find the mutant(s) of interest, close to

860 colonies selected at random from the clones that

survived the various treatments were subcultured on

trypsin-supplemented agar medium and then subjected to

an anti-C. perfringens activity test.

83 clones were found to be potential producers of an
anti-C. perfringens substance on agar medium in the

presence of trypsin.
Among tnese 20 were selected for a more rigorous
In a first stage, the mutations affecting the clones

were checked to make sure that they had not restored

the chromoscomal organization in rumd, via PCR.

sse%f%$rth%rﬁﬁeaﬂer pF@%enYarFﬁtheC°ll
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In the two fractions concerned, a m nor sequence of 17
resi dues was al so reveal ed: AGPAYXVGYXGNNGAVT (SEQ I D
No. 2). 25 2. Creation of a nutant strain by random
mut agenesi s The techni que adopted was random

mut agenesis of the 44 strain R gnavus L14. This
strain is a spontaneous nut 4t  of R ghavus El- that
has | ost the capacity to produce RumA in vitro, but
that still synthesizes RunC in vivo. This strain was

ﬁg'Sﬁlaﬁ£$$Fr%f%?$%gylatln%ﬁ#%g Fﬂﬁgecﬁpﬁqdaf anti-

§do€mcmslum uh@rSmw&ganﬁtat@;@ﬁt@hetéﬁtgl@r%légamgh@dwum
S exp 0 reasi ng copgentrations o to .
%gg q;( Q?Laqﬁbt SFhEd m%%lt P e RETIGUS corl 3 N%bé‘znc" o=

§u§9§h§|ons were diluted and then plated out on Petri

di shes. Counting of the colonies after culturing nade

it possible to estimate the concentration of |ive

T8I FEYPPACT REPRAFTERS SSuspesitrdiuns 8y éohpaikson halo
wet prebeneoatbohdceaoent bat kol (hihe v1.c1 M N NG |
treatnment), a nortality rate could be determ ned for
each treatnent. It appears that the treatnment with NG
Qs ef¢ ecttinee: tihednor oal itﬁyypaiﬁs’ ace i@mmcﬁ(ﬁ% no

99% U h Bcentratlon
g?%gr t |nd'%h %%5tan%g ; eresfngc?ose P859§§6o:
E5VBALES l§e| e@%daéwavanmqrrmx héot| ¢ives $ymathesis of
sHeVbMedet-hgcvari ous treatnents were subcul tured on 25
trypsi n-suppl enent ed agar nedi um and then subjected to
an anti-C. perringens activity test. 83 clones were
Koundnto-be pokefftialepsoddcer odddded amby - Cche clones
BgiLﬁngeq$ sqbstance an, agar dlun1|n the 30

1au1a me e resence £
presence o ~he presence o

trypsin.

3. Purification using the mutant strain

Production and purification tests were performed on one

of the seven productive clones, the mutant 9-17.

The tests were performed on soft agar with wvariable
concentrations of cells and of trypsin. After culturing
the mutant, the agar was ground and then centrifuged to
recover & supernatant (SN $-17). This supernatan: was
then tested against C. perfringens and proved to be
active. An analysis by mass spectrometry was performed

on this active supernatant (figure 73).

3.1. Chromatography on catior-exchange resin using the
FPLC system

Before performing the ion-exchange chromatography, the

sample neeads to be desalted.
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Anong these, 20 were selected for a nore rigorous
characterization. 35 In a first stage, the nutations
affecting the clones were checked to nake sure that
they had not restored the chronosomal organization in
rumA, via PCR. 45 The 20 sel ected clones were then
subjected to anti- C oscridﬁ&n1perfringens activity
tests on agar medium and in liquid nedlun1 in the
ﬁhesaﬂaﬁyortéE%@ncﬁhéWec5’ﬁﬁﬂﬁsbﬂsaeﬁln of SN 9-17 on
% ypsin s%gplenented agar nmedium an |nﬁ|b|t|on hal o
S dor GRS AVAYy EFonbas | dstale o
S@pEBakhesbbhéd halmds dse t reppsisidiet agar AegreMicAdary
ﬁbgge pgoggge%tggy anti-C. per-fringens substance:
rypsir_-i's thusTal ways essential for the synthesis of
the bacteriocin. 15 No anti-C. perfringens is produced

@YutﬁgpddﬁnﬁheCBEEHEQQQ'Eféﬂuhﬂnm%yéﬂﬁwgvf bgVEg%Fnd

presence of trypsin.. 3. Purification-using t mut an
YiERi A 459G @F@&%ﬂﬁ»rlénoe%wﬁ@%atAéncregvgbméaémg off

peef Oé&edoﬁﬂ c@fiee Ofort he seﬁd@@a@é@@iﬂct | ¥BeCl gREScibRe ig
nuta ; sts ?Egrforned on soft agar

T et
Wt h %EF?aﬁﬁe 225Fcorte %r 5+ B¢ deil%”aﬁﬁ)oPM PH 5
sogipsmnacAteere Gulftfiem .ngrrathesButmaniof tde agar, Vs mL of

doandyt Ren -c t Jrecover_a_ supernat ant
?%%#g Ig Ex %hqg % erngggﬁicgas hen ?esteg “agar nst 2 nd
@eperlmdiﬁgienso%ﬂ@ pRov eth P diane ey 3 veeraresal yshsion-
by cABa§=SpBCLAMEet ry was performed 30 on this active
supernatant (figure 7A). 3.1. Chromatography on

cati on-exchange resin using the FPLC system 35 Before

Peef aomice tirke iicon-exohissnge elir amad®goaphy, Nd© was run
for 40 minutes. The anti-C. perfringens ac:tivity is
detected 1in the fractions eluted with 0.2 to 0.3 M
NaCl, althougn very little protein material is present
in these ZIractions when reference is made to the
variation in absorption at 280 nm (figure 6). This had
already been observed during the purification of RumC
from cecal content. The active fractions were pooled

and then desalted and concentrated on Sep-Pak. Analysis

by mass spectrometry of this fraction (“active CM
fraction”) confirms the substantial gain in
purification = afforded by the cationQexchange

chromatography and shows that the contaminants all have

a molecuiar mass of less than 2500 Da (figure 7B).

3.2. Molecular screening of the CM fraction

=

lolecular screening of the active CM fraction was

erformed by means of the FPLC system on a column

'g

allowing the separation of peptides with a mass of less
than 10 kDa. The elution is monitored by reading the
Ry

variation in absorption at 280 nm; the amount of

protein material is small and :the separation proves to
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sanpl e needs to be desalted. 1 1 46 The first tests
showed, that desalting of SN 9-17 on Am con was
insufficient. Desalting of the sanple on Sep- Pak
shoul d thus be envisioned as a prelimnary
purification step. 5 Elution of the proteins fromthe
Sep-Pak is performed wth &740% acetonitrile
solution. After evaporating off the acetonitrile on a
ot ayapar; s ALhe Jm&@ | d I aled; an PHo2 Y
%llutyng fiaino%g _ kaéof qso&%un1apgfa e Bﬁ?fgﬁégens
FEBAVESYNL wWifs SN\aRghe Beswri Gﬁst@dsahﬂed She9- tpllected
equttibratedogt, P @re optai gediyapd ALgslgaded roung
onto_a carboxynet hyl - Sepharose cation- exchange
g6FGfm. SESSFRe Poncditrat it sdientWef 0theTefarfm not
aacbtweas fam cher pAl i uieson Thenanihe Cotpekf riHYeNs the
activity.is +ge£ecQ§g in4ghe Lsactlons elited with 0.2
t6°0V8 MITRESH  al tholigh*Very Vit P8 pPOEeYR fat 8Yi almass
speptesertryi madepeovregct tonsoahen tekénegnceutrs nade a
o.the.20-varkat hon (-0 _absorption at 280 nm (figure 6)
? %ﬁ?s had aFreagy(Begn—Bbsgfved during the
purification of RunC fromcecal content. The active
gract rons-wenenpeel ede andsthen jdesal ted and
concentrated on Sep-Pak. Analysis by mass
spectronetry of this fraction ("active CM 25
Anacheon"gtcandi r e t bemsubst anéi atorgadmitdnts from the
urificagjon-af forded by the cation-exchange ... __ ..
gﬁ(%nﬁtogyapﬁégéﬁ%gghomésthgpafhéaggﬁtaﬁfﬁgﬁts‘éﬁrra“lon
haves.a Ael ebulhdr massrefalssd than 2580 Ba kbrgufélters
(BLsp3Pe3. Zav MRl eGUl af ; sereeni ng, 0f trgae%\&fa{lacma%, a
Mol ecul ar screening of the active CMfraction was _
peFFbr Me§ thyafe 853 IOFMEKe WARLIT &y ét ershn aSe6l Gahtration
unit whose cut-off threshold is 5 kba. Unfortunately,
the impurities are aiso retained by the filter,
although their molecular masses are less than 2.5 kDa.
Specifically, the mass spectrometry analysis does not
reveal any gain in purification (results not shown). A
second test was thus attempted with a Microcon
filtration unit wnhose cut-off threshold is 10 kDa.
Specificaily, despite its molecular mass, it was
previously observed that RumC could Dbe retained by
10 kDa filters (*10 kbDa R fraction”). The mass
spectrometry analysis coniirms the previous results and
makes 1t possible to show that a large proportion of
the contaminants i1s removed 1in the fraction not

retained (figure 7C).

3.4. Reverse-phase chromatography on an HPLC system of

the 10 kDa R fraction

The 10 kDa R fraction containing the three RumC peaks
(4235 Da, 4324 Da and 4456 Da) was then subjected to

reverse-phase  HPLC. The flow rate and gradient
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all owi ng the separation of peptides with a mass of
| ess 35 than 10 kDa. The elution is nonitored by
reading the variation in absorption at 280 nm the
anmount of protein material is small and the
Separation proves to 47 be unsatisfactory (not shown)
. The anti-C. perringens at8ivity was nonethel ess
tested in the collected fractions. Only 5% of the

b M oaded ig.fou atper eny ' -
Ty G vad L herarsre ot "5 adont ea Forifed fox che
BHIFi§ieation. cOnRuRe érper demed, adveerdet iand frlet Feault
Ao Ada 5Q'9  WasnRRalzed By,JrBss £ repeckr OE"E'EEXi@%% gre

roved to be virtual Iry,rp,ure with a peptide of 42 De
E(P@“Fjr\j%r%g%}r}s‘iocs. BETETICPA n Sof P EMPFET | eRaction
Andtdersatid papdedlo” r&Adyeibhe contam nants fromthe
active CMfraction was undertaken using filtration
units. As RunDis retained by the 5 kDa filters 15
I despreel havdhgora vl¢bhs | gnbofectapkecul ar nmass), a
first test was perforned with a Vivaspin 500
filtration wunit whose cut-off threshold is 5 kDa.
Thf YR v, Ehe hYRpurG R F 63N arkr 2 @er ¥ et afwed: byative
dheitityercesad t hpugh thetformbecuhai ngBsses:a18 | 88Sial
é‘ﬁn 2.5 kDa_ 20 ngem fically, the mass spectronetry -
5P does nBRCEr e@EAR VENY TFAGT HW purits catiBres  of
{rlestrasy noacshonby . vAitsecofWAUEest coasatihes in each
W tha 3 f4 L tration unjf- SE o
Aot oraty TeGne gt i R g erien
Y33 gsicececar (FaBse 1) wad 2supsesinbusly lobser véd adatve
Fuddr £ di be obabaiBed Rridd kia Eibber o "ddskia R of

flr action” - The mass spectronetry analysis confirns
e pr e?ﬁnl%’?er_esfr‘{%eﬁgﬁfa%kes i t7ossi T et PO Showrnoe
¢tivadmat d@rgehpr dpartdverd ofby t kecctrtrantieraalsing. It is

defoyed i ihe firaction net 30 Letained (fi9yre; (0 .
cation-exchange chromatography, but this does not pliace

the validity of the protocol in doubt.

Table 5: Yields for the purification of RumC from the

culture supernatant of the mutant 9-17

Fraction V (mL) | Anti-CpA A. (AAU) | Yield
SN 9-17 125 1453 100%
Active CM | -3 | 300 21%

Double peak | 0.42 i 140

single peak| 0.42 | 140 19%

V: total volume of the fraction in mL

anti-CpA A. (anti-C. perfringens activity): total number
of activity units contained in the fraction, in AAU

Yield = 100 x anti-CpRA A.tes: sfraction/anti-CoA A.gys-17;

expressed in %

Another important criterion for evaluating a



10

20

30

35

3.4. Reverse-phase chromat ography on an HPLC system of
the 10 kDa R fraction 35 The 10 kDa R fraction

contai ning the three RunC peaks (4235 Da, 4324 Da and
4456 Da) was then subjected to reverse-phase HPLC
The flow rate and gradient 48 conditions are
identical to those devel oped®Sfor the purification of
RunC from cecal content, and the result obtained is

ﬁ@ypaiég&fontwo@' fer ent iéac e%%s%&%tfl%%ﬂvfe the oain

agai nst C. perfringens, eak™ fraction
H1"BPAGF eCpeaR™ PF@EFP@@ QYW?a¢¥w$¢¢EatT@ﬁ pheldscandon
tasteors Tg evakuataithRe pubifi cabh9fr PRSI 0GRe specific
quantltatlv? 10 act|V|gy tests were perforned using
Folof b oL Ser (AP GEI RS GHRO'TT L RhcACacRtle Frokot i Thedo
toibercaf maebi toar practdivi txtonlﬂlahﬁe(ﬂ%ﬂ eerimi pedctRon
ach Lac&gggu@ag_thqp calculated and th c )

pUrification yie “dedlited 1Tt & 5)m°%& oring was
sebscuned al by ossask a@pqmavr&ESUQstance accolbserved the
g@ﬁé991$b€¥35§p§hqg 9@ %FH'KhéﬁlnéfE%‘%%ééqéin to avoid

super nat an the cation-exchange <chromat ography

- TeProwWBHR®Yy ARGt ARhddsgiloicig:a tmse*m:lteAlw@wh this

ﬁh@ﬁo&hajﬂOﬁé“tﬂﬂﬁhﬂﬁiﬁﬁt$@r|&%ér1alﬁahkpnp§¥§h§89§10n
chronatogrfg % a this does not place 20 the
VAFi OF1Y of “theY proteesr*frhi®doubt . Table 5: Yields for

the purification of RunC fromthe culture supernatant

Vel d S 891579851485 1000 Active QM -3 300 21%
Doubl e peak 0.42 140 19% Single peak 0.42 140 25 V:
tet al vyalnme fedire fhRCtv@N dN dl peak” fractions were
analyzed by mass spectrometry. The results obtained are
identical to those obtained with the fractions obtained
from the purification using cecal content: the “double
peak” ifraction contains the 4324 Da and 4456 Da
peptides, whereas the *“single peak” fraction contains
the 4235 Da peptide.

3.7. Sequencing
These fractions were thus sequencad.

For the "“single peak” £fraction, the seguence obtained
is identical to the sequence already determined:
AGXIXSGSVAV (SEQ ID Nc. 3). A minor seguence appears on
the Zifth cycle: AGPAY (SEQ ID No. 11).

As regards tne  “double peak” fraction, sligh=
differences are noted: AGXVXSGSTAV (SEQ ID No. 12). The

minor sequence 1is identical: AGPAY (SEQ ID No. 11).

The scheme summarizing the purification of RumC Zfrom

the mutant strain is shown in figure 9.
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anti-CpA A (anti-C perfringens activity): total
nunber of activity units contained in the fraction,
in AAU Yield = 100 x anti-CpA Atest raction/anti-CpA
A.sr9 17; expressed in % 30 Anot her inportant
criterion for evaluating a 49 purification protocol
is the denonstration of the5fain in purification
provi ded by each step. The purification factor is
determ ned by conparing the specific activities

AAU/ ng of protein) at each step, but to do 5 this the
%ﬁ%%‘p%ﬂ@iﬂn EoRbFiiFd@d RWHeh g raredoly simnlbbied.
nmeasured. The purification nonitoring was perforned

y Ss spectronetry qn _accqount of the senS|t|V|ty of
?_m_@égg&gg__&&m RY P h%e«: IR (RERRAASE " consuni ng”

.....

too nuch bi ol ogi caI rmterl al . Al though this 10 nmethod

i,s {not ve, the n in purification s._ |
Very c eaﬁﬁ%%(g}gn%%ét (At fl E%—3y I\‘?g*ss TEPBLHr orf%t%@?rent

Fheaigsubl e peak" and "SI ngl e peak" fractions were
anal yzed by mass spectronetry. The results obtained
are identical to those obtained with the fractions
OBEaiFfed ¥R tHe PUFLTLEHt iTh BYMAg weecatceondemtainst

aﬂe*"d@ubl@mamﬁﬂ@ndr@ﬁamonpawmdaéﬁiéfE>#E§%%FHu§EHg in
4456, Da 20 t des, whereas the "single peak

frattfoh ¢ n§°PFRE %355 D SHBFERE anB 7°f the cecal
Segtenci g orb mEhu@scenflrcaatatcm&merEné hgsrsefquencedavoer g1
tBg '~sizngl e " dractin., the seguence obtained . is

|dent| calg tg%?%g sedsu(eén@%q'aT rré?idé éetré?m FRedv* 18E%cne® cwo
REXLRSESVAY CSEQMISD N 1183t . tAenistora igequentsl appeats SN

eaz130Thhe bl hscyebes AERAY ( 8EQilDMNo. 11). As
regards the "doubl e peak" fraction, slight

Table ¢€: Results of the tests of activity of RumC

~against different pathogenic strains

Antimicrobial activity

(size of the inhibition halo)

Fraction | SN CCEl ' Double Single
Strain tested )
peak peak
Clostridium perfringens Cpk + (2 mm)‘+ (1 mm) |+ (1 mm)
Clostridium perfringens S40 + (2 mm)!+ (L mm) |+ (1 mm)
Clostridium sporogenes CIP 79-2 - ‘ nd nd
Clostridium acetobutylicum BL75-41 | - ’ nd nd -
Bacillus cereus TZ 415 + (2mm) |+ (5 mm) 1+ (3 mm)
!
Bacillus cereus K 1231 | - ; nd nd
Bacillus cereus Z 421 - ! nd ‘ nd
Listeria monocytogenes EGDE te (1 mm) |+ (1 mm)|+ (1 mm) |
+ d
%= | Listeria monocytogenes Scott A ! - | nd nd
S [
O | Listeria inocula CIP 80-12 [+ (1 mm) - -
. |-Salmonella enteridis CIP 82-17 |+ (5 mm) - -~
©
& | Campylobacter Jjejuni ’ - na : nd
|
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differences are noted: AGXVXSGSTAV (SEQ ID No. 12).

The m nor sequence is identical: AGPAY (SEQ I D No.

11). 35 The schene summari zing the purification of

RunC from the nutant strain is shown in figure 9. 50
The production of purified RunC is greatly sinplified.

4. Characterization of the RInC peptides 5 4. 1.
Antimcrobial activity with regard to different

strai BﬁeThelag&&u%ﬁblgﬁJeﬁcztﬂ dng Ofs Ry vas dRaded are
agai nst 10 different amt and Gram pat hogeni c

SEREF nsVEuSPnREn RS PER- 3% ge concentrat ed
supernatant of the cecal content from nonoxenic rats
jor the strain R .gnavus Bl (SN QCEL) . Qher tests
wefe then"perforfedPwmth ' TWo pudiTied 194t i ons
agai nst the strains sensitive to SN 15 CCEl. The
FESULLE e, 0lnen | 0o03D! 6. pliabl Go0: Rl L5a0hatbg by
tests of activity o unC agal nst di f ferent , )

Pat hBgehNe SheaMhisliamm ek ol BPracEPRFEPtrasign 6F each
%?ﬁitmggbk?h?ﬂ mkd})io{r asdhl Q{lv%(;d GeRL &erH@é?il% n@ll:iwith
rain_tested peak pe ostridi um perfringens . +
Fhe i of CTASRrPRESaBaTS . o Bor rEdTATe | ARGty pped

&Qatnkti €. ( pemfyihgehsmm) C ostridi um sporogenes Cl P
79-3 - nd nd dostridiumacetobutylicumBL75-41 - nd

nd Bacillus cereus TZ 415 + (2 mm) 1+ (5 nm +1+ (3

fR) dBachlkbus cepkosdK s23ial o Invd idBsci PEustiver ddoulle
%ﬁ)z&k’i gﬁfnd\sngSjﬁ@rfjéa]@Dn@%éthgﬁﬁ%S weE Igilemeclﬂ %uﬁl to

+ .
. the 1/512 dilutions). Tests of anti-C. perfringens

activicy were performed using these various diluiions
and also metronidazole solutions at different
concentrations (results not shown). From this test, the
minimum inhibitory concentration of metronidazole 1is

25 pg/mL. This result is in agreement with the results

previously obtained by Dabard et al. (Dabard et al.,
Appl. Environ. Microbiol., 67, 4111-4118, 2001).
As regards the “double 9©peak” and “T“single peak”

fractions, only the concentrated solutions (dilution 1)
are active. Although the concentration of these
solutions is mnot known with precisiorn, it may be
estimated, by virtue of the Edman seguencing, at about

40 pg/mi.

The antimicrobial power of RumC against C. perfringens

thus appears to be comparable to that of metronidazole.
4.3. Resistance to temperature
The first preliminary tests of resistance of RumC to

heat were performed by incubating the same amount of

peptide for 15 minutes at different temperatures. For




10

20

25

ti | Listeria nonocytogenes Scott A - nd nd Listeria
inocula CIP 80-12 + (1 mm - - Salnonella enteridis
CIP 82-17 + (5 mm)i - - .C Canpyl obacter jejuni - nd
nd 20 51 Al the dostridiumperfringens strains
tested are sensitive to the RunC peptide. 4.2.

Anti nicrobi al power against>& perfringens 5 The
anti m crobial power of RunC was al so eval uated by

€8t i maid ngjkheym.pi mmmmhf@at:@%n%on@e@éuﬁié ok and
each urlf%thuanratlon "in vivo" and npari ng

| FIRPER PER T Y YHt 'dazdl EXCFTIEREr é’r"Fcel%tn‘PPEaWEn"EiSc‘5‘L
wsed h6 a@alemsﬁnc&. per thengensivito, d(HdWHa‘SeYIV\@tf:OtLdO°C,

gLial dihutiong of the “doubl, %atp%a 1? f%
%kp PrALTI bRs HerE SprepARST (R o Vi 1/ pinuces.

'dllutlons) Tests of anti-C. perfringens 15 activity

Wsepe%g&ggdw%eng e feeé@c;' ous; A | U%éﬁcg sangdral 8¢

netroni dazo sol utions a ferent” c rations
PHESGELEES AT hewhjuTe FEyaIHIc: ardst 9 t hae rﬁWEmrirn 9-17.

TRAI bidamyaoneentingt | an O‘th?thani'&@@mt%rdtpira%@rgfsm—was
his result reement W th the resul

i
TBITEERy ShEakREdsny PR leer .00 Baltac 16 mamuTeS.
Appl. Environ. Mcrobiol., 67, 4111-4118, 2001). As
ar, th ak" 'S eak. - -
?ggctfﬂgrﬁs % rﬁgéib Leufggnégﬁt r%% déggkgtfon?n(edﬂh‘tslbn“es'
W§Hs 2@@&”rfé>lé1‘§tg ewipht hGiigh taettvacedr atfoactofon hesghe

BoLYLEORShSrRAkL KBBVV&oW:EHnQEx%C'&DO'E’nr'Jc %@bﬂ%ns
estimated, by virtue of the Edian sequencing, at about

40 g/ L. 30 The antim crobi aI power of RunC agai nst C.
perféomgenst to the “double peak” and “single peak”

fractions, the active CM fraction withstands a
treatment of 15 minutes at 100°C.

The fraction GF 47-50 was then tested. This pure fraction
containing only the 4235 Da peptide i1s sensitive to the
15-minute treatment at 100°C. It is also sensitive to a

5-minute treatment at 90°C (Tapble 7).

ot

Table 7: Summary table of the  temperature resistance

tests

Incubation conditions “in vivo” RumC i “in vitro” RumC

Temperature | . Time Double Single Active CM i GF 47-50

peak peak fraction

50°C 15 min | R R 5 / /
75°C 15 min R R / /
ggecC 5 min / / R /
g5eoC 5 min | / / R /
90°C 5 min ! / / R - 8
95°C 5 min i / / R | /
100°C ! 15 min i [ ‘s E R s




10

t hus appears to be conparable to that of

nmetroni dazole. 4.3. Resistance to tenperature 35 The
first prelimnary tests of resistance of RunC to heat
were perfornmed by incubating the sane anount of

peptide for 15 minutes at different tenperatures. For

52 the two "in vivo" RunC fractions .("doubl e peak"

and "single peak" fractions), a treatnent of 15

Rinutesisitant75G hassemseffeet dn=t hetacesuitly.

However, at 1000C, the peptide is entirely

Inactivated within 15 mnutes. 5 These tests were

T ohpl R LEIR) Sanpfes of RunC purified fromculture
supernatant of the strain 9-17.. The incubation tine

at the various tenperatures was 5 mnutes. The -

THeuBES G aFCRe B FHOChassS RERGLESS ATCTRRCfilst the
detpes atMr erbested was 831Go Thesféashztest 2, Wasl 4.4 and

rfornmed with the active CMfraction, the

%?epUrified fraction containing the three peptides. 15
In contrast to the "doubl e peak" and "single peak"
#hAcCti-ens.; +Lheactive fragtion;w thstands L

%ﬁ%a%ﬁéﬁ??g f%gﬁéﬁﬁf%g%%l %goé%.lgLéQ??actldﬁaefo chat

ATEBOVHRASAE e T esPEHSTTRRASURGE oy Y it pirs at 4°C,

£ONt S Hi Y o yvibe A235-H8r-pept kdephisasensitive to

the 15-minute treatnment at 100C. It is also sensitive
toa 5-mnute treatnment at 90C (Table 7). Table 7

Buemapygptabee ofof hethenpenatasre r eshstanten 2&:reest Shus

agpbat jon, gondisti.ans2 i viver RupE iR .vitro’ Rune -
SoeLRon oA 1 Ko TR YRR o
praklipeakifehcRlonis0en 18T niim RIR /f¥elF5E IBedi papipcs.
.
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35

g8cCC5mn/ / R/ 8C5mn/ / P/ 90C5 mnRS
95C 5 mn R/ 100C 15 mn s s Ps 53 R = resistant;
s = sensitive; / = not tested 4.4. Resistance to pH 5
The resistance to pH of the peptides present in the
active CMfraction was aIsoSEested a- pH 2, pH 4.4 and
pH 7. The activity observed™at pH 2 is conparable to’
that 10 observed at pH 7. After incubation for 24
hours at 4C, no loss of activity is observed at pH 2.
The peptides of the presef@LAIMgenti on are thus
resistant to acidic pH and are especially suitable for
15 use in animal nutrition or in the field of

hedi cAment pepsadeCLAI MBtE A paptimecypbhal activity,

GRLLALEEPDL Al aGHT Vil ha zed in. Lhat 4. ~
Conprlsés agﬁe tldgngﬁbséﬁ %8§%2%$t%e‘%ogkgﬁld chosen

bepTi tigs: fol %%l%%pPrHelGFSthe sequence SEQ I D No. 1,

=d@g@GPEbﬂﬁdﬁOﬂﬁr+§bngeaugﬁgbl@?ngmlN@ at Ieast 800

I dent |t th the A tide o E .
beft I HEErt g BEaeHeE SEOPEBTRES PENHS  Atpditie 00%

n@aptnsyngwarpemélpalpaepngd&toteaEQ g0YNal. d&ntlty

Wi the_ t EQ..D 2. ,2. The peptide
Mﬂéh abﬁe88%¥9§$aé%§&8£c§ QE o%@?ﬁglng t he -Segtlde

ofathléeB"e%f@%néémBEQSFLDgl\loa ®ept3d3. IFhelpepeidelssst 80%
9&@hﬁ§9¥lalgha+ml 0991395#%%9 < s@@ptzbd@qochésen from

t he peptides of sequence” SEQ I
2. The peptide as claimed in claim 1, also comprising

the peptide of the seguence SEQ ID No. 3.

3. The peptide as claimed in claim 1, comprising a
peptide chosen from the peptides of sequence SEQ ID No.

4, 5 or 6.

4. - The peptidge as claimed in any one of the preceding
claims, having a molecular weight of between 4000 and

4600 Da as determined by mass spectrometry.

5. The peptide as claimed in any one of the preceding
claims, 1solated from a mutant strain of Ruminococcus

gnavus.

6. The peptide as claimed in claim 5, isolated £from
the strain of Ruminococcus gnavus deposited at the CNCM
(Collection Nationale de Cultures de Microorganismes,
Institut Pasteur, 25 rue du Docteur Roux, F-75015 Paris)

on 1% Decemper 2006 under the number CNCM I-3705.

7. 2 polynucleotide coding for antimicrobial

activity, characterized in that it comprises a



10

15

20

30

4, 5 or 6. 20 4. The peptide as clainmed in any one of
the preceding clains, having a nol ecul ar wei ght of
bet ween 4000 and 4600 Da as determ ned by mass
spectronmetry. 5. The peptide as clainmed in any one of
the preceding 25 clains, isolated froma nutant
strain of Ruminococcus gnavds. 6. The peptide as
claimed in claimb5, isolated from the strain of

R REEDSEUSIgNanysedeposhted at the CNCM 30
(Collection Natjionale de Cultures de M croorgani snes,

T st utPPadtetr 02577 ue* 9uCPeeP8ur CRoURIYF- P56150F  the
Pagusycennsh9 Deceaber, 2006runder the nunber CNCM
1-3705. 7 | eoti de,cadi ng, for .antim crabi al

35 a%t i vi??ﬁ’%ﬁ%?géé?%&?zed%lhﬁoﬁt hat thr&BlﬁrﬁFFses % 55 the
pol yrucleotide cwserinoonto- dme poleynofl edtd deequences
ae6ofdipg. to agy.png of the sequences SEQ ID No. 7, 8
or 9, - a polynucleotide that hybridizes to the 5

pofy RGVEECIL GO Cd€iCoraiHdg'd of ary come laeartd dsequencbaimed
SEQAP Mge di 818imH, 1-t@ @0l ynucl eotide coding for a
pol ypep-ide as claimed in any one of clains 1 to 6.

10 8. An expression cassette, characterized in that it
gonprisesxprestshiernt remsesi pe| owtireaid0ied 8n that it
PoREPLELs LAl LseTUpehlopal if aghost ordanism - a
Dol'ynucl'eotide as clained in cpapn17, and'- a
te@h@?@ﬁ?ﬁegeaﬁéﬁcésiﬁu@%@l@aﬁé host BrganpsEaniss, 9.

A y?g@égyn@@ﬂ@ét:@d@gaé 804 yug! eat bdgias-cl ahped in
claim7 and/or an expression cassette as clained in

¢l i T B 2099, S2TNORE S ot Yarl S nPRFEANEPEF NBY IR L AMa

pol ynucl eoti de

9. A vector comprising a polynucleotide as claimed in
claim 7 and/or an expression cassette as claimed in

claim 8.

10. A host organism transformed with a polynucleotide
as <c¢laimed in claim 7, an expression cassette as
claimed in claim 8 and/or a vector as claimed in claim

Q

~ .

11. The strain of Ruminococcus gnavus deposited a:t the
CNCM (Collection Nationale de Cultures de
Microorganismes, Institut Pasteur, 25 rue du Docteur
Roux, F-75015 Paris) on 19 December 2006 under =he
number CNCM I-3705.

12. A protein mixture or fermentation mus: that may be
obtained by the host organism as claimed in claim 10 or

by the strain as claimed in claim 11.

13. A composition comprising a peptide as claimed in
any one of claims 1 to 6, a host organism as claimed in

claim 10, a strain as ciaimed in claim 11, a
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8;gani261as clainmed in claiml
e

as clainmed in claim7, an expression cassette as
claimed in claim8 and/or a vector as clainmed in claim
25 11. The strain of Rum nococcus gnavus deposited at
the CNCM (Collection Nationale de Cultures de

M croorgani snes, Institut Pasteur, 25 rue du Docteur
Roux, F-75015 Paris) on 19 cenber 2006 under the
nunber CNCM 1-3705. 30 12. A protein mxture or

fermentation nustcthst mayhbet obtghnedmbyad he1hGsted in
by the strain

( Q. or . _ S .

atfed”i P%cl%i AT 4 RUE6nSsi i%‘}Fachhp??sFialaled
peptldemasiclained in any one of clains 1 to 6, a
host organismas clained in claim10, a strain as
claimed in claim1l, a 56 fernentation nust of a host
bf ganTBtn gemEd e s craipAmed oin acteimedBat ivwimich is
Msti1gfi@ SbEAl BrasnChalAEe tbRnclaim1l. 5 14. The
conposition as clainmed in claim13, which is in
liquid formor in powder form 15. A nutritiona
afdi tAvengonptishay adEptiwe asomstaéivegd =N aBypreBe as

clans 1 to 6, a host _organisma 10 clained in
‘21{%%% Jio?*na"’lé} SR 85 SHAMTEd 4 ) i i 1105, organism as

terpwadatRonladst 16f, a kestior ganiclmeased| @t neteim 11, a
La a menjat Lo st of. & ain. as-cl.ainmed.
B R LG e nurrT onay ahdrt e 54%:Relin
elaifedOi fTcldi HIBNE&hiYh T8SFEn o quisFdadimma? Fhaimed

pawdesikotm 17. An animal feed, characterized in that
it conprises a nutritional base for animals and a
nutritional 20 additive as clainmed in claim15 or 16.
18. Thieeuswicofi ta qreflt | ddasieé dispedclinimdy 0Ae Qfaim 15,

Ghalie: L 19 6.9t sa-hogt organism.as ¢laimed in claim

17. An animal feed, characterized in that it comprises
a nutritional base for animals and & nutritional
additive as claimed in claim 15 or 16.

=

18. The use of a peptide as claimed in any one of
claims 1 to 6, of a host organism as claimed in claim
10, of a strain as claimed in claim 22, of a
fermentation must of a host organism as claimed in

claim 10 or of a fermentation must of & strain as

claimed in claim 21, for the manufacture of a
medicament, a nutritional additive or an animal feed.
19. The wuse as claimed in claim 18, for <the

manuraccure of a medicament or a nutritional additive
for preventing or treating necrotic enteritis in pigs

or poultry.

20. The use as claimed in claim 18, for the manufacture

~of a medicament or a nutritional additive for preventing

Or treating gastrointestinal diseases in man.
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10, of a strain as clained in claim11l, of a 25
fernmentation nust of a host organismas clained in
claim10 or of a fernmentation nust of a strain as
claimed in claim11l, for the manufacture of a
medi canent, a nutritional agqitive or an ani mal feed.
30 19. The use as clained in'claim18, for the
manuf acture of a medi canment or a nutritional additive
for preventing or treating necrotic enteritis in pigs
paml try, .20, _The use as clained in claiml18, for
e et B et g o e S aRene. GEPR UL | Brajned <n
auhdi tnvec orlpievehtings dprt testitngggastimeilst.est i nal
di seases in man. 57 21. The nont herapeutic use of a
:feptiqe as clainmed in any one of clains 1 to 6 for _
% eatThey @ff nafsclaiped The Uil el aererdhng| apnmwhich
2le pepOLEENYst @pMaiicld £PEmPEPLILER inS QRIS roM or
f strai n_endogenous to or Lrom a. strain exogenous to
D i HeF2 i EX99F e B2 Erai ABA™Ph ¢l ai m 21,
according to which 10 the peptide is obtained froma
rai dogenous- Lo _the. aninal d according to . .
2\?\%1 ch@%&%%o%%c?%%ﬁm%? fHe “pept ia%l'e’ b%/“%%?%l”gg to which
dmlogepoude st s abhtksnproAntasd.a Zkrafite astogsnobai nedthe
Aok fd B B2l 2266PH9HAY O Wi LhRet rfﬁr&ﬁ?éﬂfj&?'%f the
obtajned froma strain endogenous to the aninmal and
REROHYE Ny t 97 ¥hi ERAeFRGrBWERTBE Rs AP dPTeREE§EnoUS
strain is pronoted.

24. The use as claimed in claim 21, according to which
the peptide is obtained from a strain endogenous to the
animal and according to which the growth of said

endogenous strain is promoted.



