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The antimicrobial biological activity of these probiotic organisms is

generally linked to the natural production of compounds with antimicrobial activity,

iy

25  such as the lantibiotics. Thus, strains of Bacillus clausii, Streptomyces mutans,
Lactococcus lactis produce respectively subtilin, mutacins and nisins, respectively.

Numerous antibiotics are used nowadays as therapeutic substances for the

treatment of infectious diseases, but pathogens are becoming more and more

resistant to the pharmaceuticals that are used. Some of them are already known to

30  be "multi-resistant” and it is sometimes extremely difficult to treat the infections

that they cause.
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WO 2007/ 113691PCT/ 1 B2007/ 002003 2 New nol ecul es havi ng
antibiotic properties are therefore constantly being
sought . The purpose of the invention is to neet
this mand, by proposing a conpound with

aﬁ)ﬂzﬁﬁ%ﬁlﬂ%’? al activity obt gqned from Baci | | us P&l ARRp7002003
5A first object of the invehtion relates to a conpound
with antimcrobial activity. A second object of .
the | QKMo HattESentiBiofte BRIGAMs b thibfeforplcopaind iboing
of the con‘poung wth antimcrobial activity of the
kdignt i on. A third object of the invention

relates to a pharmaceutical co lRbdiee a
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sprinagterromporndwith aptirgeropipbactiyiie Pﬁ@f’é‘ﬁ t"’1{25?’11 he
oul t Up Sl B5jefioHY thb i 8 drPRIARAR I b T theBompundd with
extraction o e fraction with antim crobi al
aatimi¢tdbial activity of the imemfionind of the invention, which is

mai nly active agajnst G.ampositive bhacteri Qvith
obt o) Rerb i e teet Rory gl eS8 b orfiRi
Wek gatobPdl adid@): 5 Da, deternm ned by mass spectronetry
by the MALDI TOF and ESI nethod,, 25Accordi ng ho plavs
anot hEhus Harmdeans girpduced Hy Ser¥fuL RIP6T- A58 W {FA iRy
is.a |lantihioli : L-Qflin&y. bri dges and
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of the invention caonprises the.fallow ng . B
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Ahéfiliration, and extraction of the fraction with antimicrobial activily.

The compound of the invention, which is mainly active against Gram-

doms

positive bacteria, can be obtained from Bacillus clausii, and has a molecular weight
of 2107.5 Da, determined by mass spectrometry by the MALDI TOF and ESI
method.

According to another characteristic, the compound of the invention is a
lantibiotic, and has lanthionine bridges and modified amino acids in its peptide
sequence. |

According to one of its characteristics, the compound of the invention
comprises the following sequence of amino acids and amino acid derivatives:
Phe — Dhb - Ala - Val - Dha - Phe - Ala - Abu - Pro - Gly - Ala - Gly - Glu - Dhb -
Gly - Ala - Phe - Asn - Ala - Phe - Ala



WD 2007/ 113691PCT/ 1132007/ 002003 3 in which Dhb
represents a di dehydroam nobutyrate; Dha represents a
di dehydr oal ani ne; Abu represents an am nobutyrate.
51he nd of the invention possesses two
I%%&Zﬂ?‘%g bri dges, one befween the al ani ne iF | /1B2007/002003
position 3 and the alanine 1n position 7, and the
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Db repnesentn a gislshydreamigobityaiehe al anine in position 11.
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the invention can be extracted 20from Baci |4 Lk lfi‘!ﬂﬁi'
10 hetwiserithg CrisrpiRg FBPPTRGYHER, gipop s e platiBe fn
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e stages of: culture of strains of Bacj I%&s Cl aHsi has
i n a Bepresshied withdibe rexisging brifdgessthe comaeyRhohfe dpyention

?l}erfgﬁgwslﬁg sequence:

- |
Phe - Dhb - Ala - Val - Dha - Phe - Ala - Abu - Pro « Gly - Ala - 6ly - Giu - Dhb - Gly - Ala - Phe - Asn - Al - Pha - Al - NH - CH=CH-
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15
in which Dha, Dhb and Abu are as defined above.
According to a second aspect, the invention relates to a method for the
preparation of the compound of the invention.
According to the invention, the compound of the invention can be extracted
20  from Bacillus clausii according to the following method.
The method of preparation of the compound of the invention comprises the
stages of:
- culture of strains of Bacillus clausii in a suitable medium up until
sporulation of the strains;
25 - ocollection of the supernatant from the culture after centrifugation and
filtration;
- soiid—phase exiraction of the fraction obtained and elution.
If necessary, the fraction obtained, which corresponds to the molecule of the
invention, can be purified by high-performance liquid chromatography (HPLC).
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25col | ection of the supernatant fromthe culture after
centrifugation and filtration; solid-phase extraction
of the fraction obtained and el ution. | f

necessar the fraction obtained, which corre
thveOWB'?}ggfﬂle of the inventipn, can be purifi eﬁ&@gﬁm;ﬂ%mm

hi gh- performance |iquid chromat ography (HPLC). WO
2007/ 113691PCT/ 1 B2007/ 002003 Accordi ng to anot her

e”bOdJA.Hégﬂ%ing e RRAIRRHRinRht, R chii Rl iof e Bivedition can be
prepare y-conventional chem cal synthesis, agc%ordi ng
prepaed Itydeonkendianalt cheaiqab sythesisk aq:qogﬁﬂs i mgthods knov Lo

conpoynd .of .t he invention displays antin crobial
aerﬁngw@déaaﬁeﬁ& 5G am positive bacteria. In _
parti gmd %me@,mﬁasf mgs plveyiteh ﬂispia?é enifbicadbia cactivity yagainst
agai nst S. aureus, Enterqcoccus.faecium r CUS;
o Desitive basis. ELasevaiee 8 G R B R probpef GRS st
oSLrd G I MickdcSbas isp IHeResao BRns Clasiddium
gh%”@a%"%@?%‘%@%g%?erlfacof tﬁ}z oral cavity_ Owng.
Uidites Qlatidilon gletfeingdnar Bistesin, manecyiegswpb an thst Cragupositive
i nvention can display 10a w der spectrum of bi ol ogi cal
Qé‘tt?fﬁqfﬁe ?Iglrcag%npl e antiviral, antiparasitic or _
| MTUNEWRLL 3 1BIbREE bMricer, Tib eommpoyd efithe diiventien can display
i nvention can therefore be used for .the.pr paralta'bg@i[‘_:o&r
of 1'ts

mewidet mpactpmoal biologionh Retivilte J8F ARATPIE SUAETH &Y
aspect [ tion relates to nedicinal 15products
P‘ﬂ%{m%%%‘}“g%%ﬁ’g?ﬂe 'g'on'pound of the invention. These . .
medi cThatonppontd of the fimmtntgrptancherefore bauses &prps prepgration o

particular in the treatnment and prevention of
il p9due- seases. These medicinal products al so

find eppl h&Rtdif ol AothBeof itedpens)ttheinudrtion relates to medicinal
products that contain the compound of the invention.

These medicinal products find application in therapy, in particular in the

treatment and prevention of infectious diseases.

These medicinal products also find application in the treatment and/or
prevention of intestinal disorders, for example in the treatment and prevention of
intestinal dysbiosis and endogenous vitamin disorder, as well as in adjunctive
treatment in the recovery of the intestinal microbial flora that has been altered as a
result of antibiotic treatment or chemotherapy.

They also find application in the prevention and treatment of diarthoea, in
particular acute diarrhoea and diarthoea associated with the use of medicinal
products.

According to another of its aspects, the invention relates to pharmaceutical
compositions comprising, as active principle, the compoundr according to the
invention, for the treatment and/or prevention of the pathologies described above.
These pharmaceutical compositions contain an effective dose of the compound

according to the invention, as well as at least one pharmaceutically effective

excipient.
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prevention of intestinal disorders, for exanple in the
treatnment and prevention of 20intestinal dysbiosis and
endogenous vitam n disorder, as well as in adjunctive

in the recovery of the intestina
P@é H?ﬂ§? has been altered as a result of ang%@ﬁ oggMﬂms
treatnment or chenotherapy. “They al so find application
in the prevention and treatnent of diarrhoea, in
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8&,?]1?30;']8‘{1&503!35m es, powders, granules and oral
I'ons " or suspensi ons; sublingual, buccal,

I nt r athecdamsitioh f t]marménapn cam‘gfa Bdmmpﬁpr@dqhaﬂ@tm&gﬁq suitable

fornms of m at | on, cal t
s U e 0F O 08 B i, o e
aﬁg‘ SF Rdst ah| QBstioh®oh ahe THOERBagRf v&@gnt ringt gembnab mpnthimil on

l'ants. For topical 15application, ﬁlor?@? to the
aeomitantgtreatmertis being apreivsd, gsaivel s Anpthe; Hosts Eﬁ?&“e

el.s nt 0 The conposition of
gﬁ@”i ﬂ\f’é’ﬁ "?glntﬁerr?eg Itagm ni'stered by the nost sujtab)e
r out efregeentl, for sdmsttdman tedmpeandsthe norpmuO@u$ admigistorgsehy
nature of the [nfecgti on_ .t [
thecorel Tote ip thetfyEm RHE P @%'m‘aé" i °1h%%{es ¥ example,
GRsE b be Fabout 10 x 10° spores daily, for example from 1 to 8 x 10° spores
daily, in particular 2, 4 or 6 x 10° spores daily, in a single dose or in several doses.

There may be special cases in which higher or lower doses are appropriate;

Od‘ﬂ

such doses are still within the scope of the invention.

According to another of its aspects, the invention relates to the use of the
compound of the invention for the preparation of a medicinal product iptended for
the prevention and/or treatment of the pathologies described above.

According to another of its aspects, the invention also relates to a method of



20concom tant treatnents being received, as well as on
the host's response to the treatnent and to the

t herapeutic rationale. In general, for

adm nisiration to humans, the conposition is

a%ﬂ@{l fI‘%éd by the oral route in the form of P4 T/IB2007/002003
phar maceuti cal conposition of spores. For exanple, the
dose can be of about 10 x 109 spores daily, for
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%“giﬁ%&og?e?ﬂfggs?ﬁébed,above.n_Ac%ordi ng to anot her of
ctrapasitipes bud thuhperinitykeit preservdfion rel ates to a net hod of
WO 2007/ 113691PCT/ 2007 0. ; Qhith &kt linkiSng it.
pat ho?‘b‘?ﬁxéﬁlpielsﬁvgﬂ Jbgjlg‘gg@usé]%%&ﬁ) ec%‘r;%}tjloé gg&u%e &l

adm npshicion@f theltmoléculgat i ent, of an effective dose of
the conpound of the invention. According to another of

SUDEEN

d HELEY _ound of _the i nvention can al so be
used a5 g aﬁqg‘f ¥ €Bd 1S OSAREH fobRdindd @ebst Uhd pharmaceutical
conpositions. SAccording to this use, the, conpo (r}d gnfr

thepositicanmadmted svitiilie tradnname Ersteeersips®) i iured Jor three

inhibit increase in.bhact e il wSEBhiifiod of the
R R S R
Ri-a88EM@d. 1 on. The exanples given below illustrate the

i nvention though without |imting i

| it. 1. Prod '

15 the nBhecultwe Bothen sepfafugss e es‘@ﬁlﬁ'é‘f?l%tatlsaxi?t&egw 2
0/ C.,strai.n of ' j gﬂbltea defig om t he
ﬁ?g}bﬁ%‘géﬂﬁ A ggéé#pdé%isﬁuﬁclg@ﬁ&%)het ed \t}\nﬁ?het he trade
FafEctioAt er ogennina8) is cultured for three days on

SI\’/Bgr u%@ ?&;Eéq%gd{rvﬁ Ialfltrpnl?grob%zl%c 1\511 1%%9{11‘50%/& e L'ghtd' ﬂhase on

a Sep Pak plus Cyg cartridge (Waters). For this, 150 ml of supernatant obtained in
20 the preceding stage is deposited on a cartridge and elution is performed with 100%
methanol, after three successive washings with NH,HCO3 25 mM, pH 8; NH4HCO;
25 mM, pH 8 + 10% methanol and NH4HCO; 25 mM, pH 8 + 50% methanol.
All of the active fractions eluted with 100% methanol are combined and

10

concentrated by vacuum evaporation until a volume reduction factor of 10 is
25  obtained.
The concentrate is stored at —20°C. No loss of activity was observed after 6
months of storage in these conditions.
Purification
Purification as far as homogenization of the substance extracted in the solid
30  phase is performed by HPLC.

A first semi-preparative stage is carried out on a column C, Synchropack




strain occurs. 15The culture is then centrifuged and
the supernatant is filtered wwth a nenbrane with pore
size of 0.45 pmto renove any residual cells.

The conpound with antimcrobial a t
F@%@ﬁ/h? in the solid ase on a Sep% ﬁb%?fw%ozoos
C18 cartrldge (Waters). For’ this, 150 m of
supernatant obtained in 20 the preceding stage is

(P08 Wl eyl G dr Al an A oty ahiimoro izl petfio are dollactet '

er three successive washi n%
Hﬁ%n&ﬁ "Jm»’lpmljr 8f cxxmppm olgtgmﬁqi,/lat ad qths stage is

th -
Bk ot i PP B, sl T fscr}“?/?‘%"‘e‘? P

g{ﬁuﬁﬁﬁpl ned and concentrated by vacuum evaporatl on
a volume reduction factor of 10.is g
I s 50 x

5  The chriseondranalytical stagsy i pegiormesypn angP 11”8’% VI ty
S Q erf{&%gﬁg udde RN aﬁnﬂ%ﬁ&b&ﬁ?adﬁﬂlﬂr bﬁ&ﬁllccted and

ri catlon urification as far
b&ﬂﬁﬁﬁh Thapurity nifftht hempanng tobiained ek thepndof ﬂinﬁ S‘P&"elss%?%t‘a
hase is performed by HPLC. A first
%ﬁg reparatlve stage is carried out on a colum C4

SynchsppRark m¥iae4/ 113691PCT/ |1 B2007/ 002003 7 100 x 8
mm The ractl ons of eI uate that display antim crobi al

10 : nelegulas et and conbi ned. The purity of the
f ﬁgﬁ °’§!afo/ov&§%&t E&%@‘ﬁr‘é"’“’?ﬁ“ﬁ“ﬁ Exkiip laen ?ﬁ“sc A
Rt 08 2107, i‘lIJandeismnaed] by amss sﬁwtrgg@wdusm TOR
Shea0S an ol I o ot Rl ity 4 SRl 50
UV/visible absorption spectrum

15 The compound of the invention absorbs in the ultraviolet and has in

particular a peak at 265 nm compatible with the presence of aromatic amino acids in

its structure.
Composition of the amino acids
After total hydrolysis with HC! 5.7 N, under vacuum, for 16 hours at 115°C
20  the presence of various amino acids is detected in the structure of the purified

compound.

Investigation of the various enantiomeric forms of the amino acids
The enantiomeric forms L and D of the amino acids that make up the

sequence of the compound with antimicrobial activity were investigated after total
25  acid hydrolysis, by derivatization with Na—-(2,4~dinitro-5—ﬂuorophenyl)-L—alanine
amide (Marfey's reagent) according to the method described by Szokan (J.
Chromato., 1988, 444, pp. 115-122). The results indicate that all the residues of the
amino acids that make up the antibiotic molecule are enantiomers of the L form.
Effects of enzymatic or chemical treatments on structure
30 The complete loss of activity following enzymatic treatment with Pronase

confirms the peptide character of the new antibiotic compound.
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4.6 mm The fractions of eluate that display
antimcrobial activity are collected and conbi ned. The
purity of the conpound obtained at the end of this
stage is greater than 90% 2. Structural |nvesti '
18'%%@?7é1r1m%hati on of nol ecuISar wei ght The puri Fpgﬁlgfogﬂoozoos
conpound obtai ned i n Exanple 1 above has a nvol ecul ar
wei ght of 2107.5 Da determ ned by mass spectronetry p
usi ngy:t he; A RadQFaehhod o dingeonf ciswmdseyifivaasay prove
spec?)r%%léé? usgng the PSI method. UV/visiRhle -
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absorbs in the ultrayi j tinC1H5a19021994
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Qq%a‘iwpﬁ@g%ﬂ'%%%ﬁ%%%%& e;?(iﬁl?/fgggts%igtﬁfjgn of the vari ous

QREAIJIORRNS prebeacast DT T enlmhaydedbs wault afipecific reduction of
enantioneric for

] s L and D of the aw QS e it
leprerseniae. 4eian FE g e SIS o, fiRefaibhal
BRLbLIT6 rORBhe BEy¥bthisiVREGing S Shidabeshtitivebid gobecule

acl ydrol ysi s, by der.l,vatlzatlonlvmth.. s is normall

adiiced by dHanillus olagsit s oleaibiatis, This family of Aptibipticgds normally
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imicrobore C18 column. The sequencing of the antibiotic molecule, in the native
state, is blocked at the end of the first step of Edman chemical degradation. The
only residue identified corresponds to a phenylalanine which occupies the N-

terminal position.
Sequencing of the molecule after chemical modification

The information relating to the potential sequence of the novel antimicrobial
substance produced by Bacillus clausii, dednced from the sequence of the encoding
gene, combined with the information obtained from analysis of the amino acid
composition and from the behaviour in the reducing medium reveal the presence of
post-translational modifications characteristic of the lantibiotics.

The presence of didehydro—émino acids and of lenthionine bridges in the
structure is at the origin of the blocking of sequencing of the molecule in the native
state. The dehydro-amino acids such as Dha (didehydroalanine) and Dhb
(didehydroaminobutyrate) are deaminated during Edman chemical degradation and
thus Block the progress of the sequencing. These same residues Dha and Dhb are
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residues is 2107.5 Da. The antimicrobial molecule secreted by Bacillus clausii is a

lantibiotic possessing 4 lanthionine bridges and methylianthionine as well as 3
didehydro-amino acid residues in its structure. The structure is in agreement with
the mass found, 2107.5 Da, with the results obtained after performing chemical
modifications on the molecule, and with the amino acid sequence deduced on the
basis of the gene that codes for its production, found in B. clausi. The structure was
confirmed by NMR analysis. '
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amtisicaghihli aetivitp as the QY€nstiatle antibiotic prior to its
sequenci ng. The net hod enpl oyed was adapted fromthe
work of Smith, Eur. J. Biochem 2000, 267, p.
6810-6816. For this purpose, 50 nnmol of the purified
peptide is taken up in 10 p.1 of H20 + 4 ng of 10
NaBH4. 190 pi of a denaturing and antioxi dant sol ution
(570 ng of guanidine chloride + 0.1 m of

N- et hyl nor phol i ne, adjusted to pH 8.5 and to a fina
volume of 1 mM with 1120) is added, then the reaction
m xture is incubated in a streamof N2 for 72 hours at

37C. This treatnent specifically reduces the
di dehydr o-am no aci ds wi thout 15affecting the
| ant hi oni ne bri dges. The peptide thus reduced is

recovered on a Prosorb colum (Perkin Elner) equipped
with a PVDF nenbrane. After washing the nmenbrane with
200 pl of 0.1% TEA, the peptide ,absorbed on this
support is submtted to a second reduction in the
presence of ethanethiol (addition of 20 pl of a

sol ution conprising 280 pl of 20 nethanol + 200 pi of
1120 + 65 m of NaOH + 60 p.1 of ethanethiol) for one
hour at 50C. Coval ent structure of the antibiotic

nol ecul e produced with Bacillus clausii The
covalent structure is in agreenment with all of the
dat a obtai ned. The nol ecul ar wei ght cal cul ated on the
basis of the nasses of the nono-isotopic 25 residues
is 2107.5 Da. The antim crobial nolecul.e secreted by
Bacillus clausii is a lantibiotic possessing 4

| ant hi oni ne bridges and net hyl | ant hi onine as well as 3
di dehydro-am no acid residues in its structure. The
structure is in agreenent with the mass found, 2107.5
Da, with the results obtained after performng

chem cal nodifications on the nolecule, and with the
am no acid sequence deduced on the 30basis of the gene
that codes for its production, found in B. clausii.
The structure was confirnmed by NVR analysis. WO
2007/ 113691PCTM32007/ 002003 10 The ot her three
strains (NNR, MS ') of Bacillus clausit present in

t he pharnaceuti cal conposition Enterogerm nao

di spl ayed the sane profile of antimcrobial activity
as the 0/C strain. Cains 1. Peptide conmpound
characterized in that: it displays antimcrobia
activity, it can be obtained froma culture of
Bacillus deal s?" in a suitable mediumup unti

sporul ation, collection of the supernatant fromthe
culture after centrifugation-and filtration, and
extraction of the fraction with antim crobia
activity, it is a [antibiotic and has | anthi oni ne .
bri dges and nodified am no aci ds,



it conprises the follow ng am no acid sequence: Phe -
Dhb - Ala - W -Phe - Ala - Abu - Pro - dy - Ala -
Gy Qu Dhb - Ay - Ala - Phe - Asn - Ala - Fhe - Ala
in which Dhb represents a di dehydroam nobutyra te, Dha
represents a di dehydroal ani ne; Abu represents an

am nobut yr at e. 2. Conpound according to Caiml,
characterized in that it has two | anthionine bridges,
one between the alanine in position 3 and the al ani ne
in position 7, and the other between the alanine in
position 16 and the alanine in position 21; a

tnet hyl -1 ant hi oni ne bri dge between the am nobutyrate
residue in position 8 and the alanine in position 11
@rdmg fourth bridge between the Cterm na

am no-vi nyl -cysteine group and the residue of the
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2. Compound according to Claim 1, characterized in that it has two lanthionine
bridges, one between the alanine in position 3 and the alanine in-position 7, and the o ther between
the alanine in position 16 and the alanine in position 21; & méthyl-lanthionine bridge between the
arninobutyrate residue in position 8 and the alanine in position 11 and a fourth bridge between the
C-terminal amino-vinyl-cysteine group and the residue of the alanine in position 19.
3. Corpound according to any one of Claims 1 to 2, characterized in that the amino
acid residues are enantiomers of the L form.
4, Compound according to any one of claims 1 to 3, characterized in that it has a
molectlar weight of 2107.5 Da.,
5. Method for the preparation of a compound’ according to any one of Claims 1 to 4,
which comprises the stages of
- culture of the straing of Bacillus clausii in a syitable medium up until sporulation of the
strains;
s coliection of the supernatant fraction from the cilture after centrifugation and filtration;
= solid-phase extraction of the fraction obtained and elution:
- if necessary, purification of the fraction obtained by high-performance liquid
chromatography (HPLC).
@. Medicinal product characterized in that it comprises a compound according to any



according to any one of Clainms 1 to 4, and at | east
one pharmaceutically acceptabl e excipient. 8.
Use of a conpound according to any one of Clainms 1 to
4 for the preparation of a nmedicinal product intended
for the treatnent and/or prevention of intestinal

di sorders or of infectious diseases. 9. Use of
a conmpound according to Clam 8, characterized in that
the intestinal disorders or infectious diseases
conprise intestinal dysbiosis and endogenous vitann
di sorder, or intestinal mcrobial flora altered as a
DP%%fL#[?'méf" %afiti biotic treatment or chenot herapy, or
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t o Alas ‘dﬂe ol RIPTRRIN CGATEEI a7y one fob s ifto 4 for the ¢ praparaﬂon of a
m&RIRD SrédieN Intended for the treatment andfor prevention of intestinal dysbiosis and
endogeneous vitamin disorders, for the recovery of the intestinal microbial flora altered as a resuit
of antibictic treatment or chemotherapy, for the treatment and prevention of diarthosa.
12, Use of a compound according to Claim 11, characterized in that the diarrhoea is
acute diarrhoea or diarrhoea assoclated with the use of medicinal products.
13.  Use of a compound according to any one of Claims 1 to 4 as an additive in cosmetic

or foodstuff compositions.



