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Peptide conmpound wi th biological activity, its
preparation and its applications The present invention
WO eloatiexsot o a peptide conpound with biol ogi cal PCT/IB2007/002003

activity, in particular pbssessing antim crobi al

proio_ertl_es, to its preparation and to its -

applications. It is known that certain m croorgani
Peptiliecompoind sidhy lsidlolzicabactivityy its preparation and jgs li ons’

capabl e of exerting a benefigcial effect.on.t L

o TR ersgRti OB AT e B Spemsie P BRUEREy B R e R
. n Ji iegenehal i i
in p%#{%%iﬁ ﬁ(?s%essglgﬁ B QO R AN BropERice RE R jﬁﬁép&ﬁhbl@thnd to its

otTc or I'sns. Numerous studi es have shown the
appl?ﬁﬁ@ﬁg'm alb_ effects, for humans or for aninals, of

ese probiotic organisns, .in rticular,in th

t r Haip d@ﬁwndha%tﬁmdmﬁ%ﬁ%&& Or IStGEe@c]ﬁve:@ humans

di arrhoea, a | ar L ar : | i

or o ey e paB il B AN e plhothl ofibdion 10 Rod b had in
partiRLGABY produRiptantinictobid] dubstdades. are the lactic-acid
bfacterl a, but it has also been reported that other

| i Seclopxganisawsreganerpdly calehiqBIotE|oa820E Sact on heal t h.

These ot her, qrgani s i nc : erdPARIhdrdS

subteYs %g}eg Ialt?g © IITS!%SWIelm ? gb‘rser]?lst lg{glagé%?ﬁ’ug&coage{l?lga%rs,for
anin%@sl“:' ol UsheRET BHbbiotiBaGrgdnikingg| atispdrticBaciihl dise treatment of

po yfermentans. Anong these, Bacillus clausii has been
gastigetastfmal  dinordensecaush i 45 aligsthwesm QEWE| éﬁirrhe%pé‘éfr tfﬁ?a‘?ihoea

mar ket ed under .t he. trade nanme Enterogerm na(r). This
aSSOﬁﬁﬁdﬁWé]éﬁ%q‘@SIOfgﬁﬁ’ﬁl@?&r“@ﬁ is intended in particul ar

forrpg ‘rb%iﬁbﬂ'i#‘ R Qidit 8sliba® sl SRy WelstisndidintRriasks:

a mxture o our strains of Bacillus clausii. The

it haandlioTbesnolepattediint otfie tive arganisnisycapthavh aseenptieipl effect on
organi sms is generally linked to the natural

healfy. oducti on of conpounds with antinicrobial activity,

Sug[k[g\g%s ott]%ff B@}ds}h's ol file DR USkangllé BBAILAT sindis| | Bigeillus
cl i, reptonyces nutans, Lactococcus lactis
lich®FifoMEe BBENRE donghns UButllu, caretsacBarsllian almisgi ucillus

réspectively. Nunerous antibiotics are used nowadays
polyfmmentanspeut i ¢ subst ances for the

Among these, Bacillus clausii has been used for many years in a
pharmaceutical composition marketed under the trade name Enterogermina®.

This pharmaceutical composition is intended in particular for combating
gastrointestinal disorders and comprises a mixture of four strains of Bacillus clausii.

The antimicrobial biological activity of these probiotic organisms 1is
generally linked to the natural production of compounds with antimicrobial activity,
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
be "multi-resistant” and it is sometimes extremely difficult to treat the infections

that they cause.
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treatnment of infectious di seases, but pathogens are
becom ng nore and nore resistant to the

w@barmeseut i cal s that are used. Sone of them aP&I/1B2007/002003

al ready known to be "nmulti2-resistant” and it is
sonmetinmes extrenely difficult to treat the infections
that they cause. New nol ecul es having antjbiotic .
pr oyeey hicksubeschaviry edtiniaticcomopersing pye therefgresenngiantly prg
purpose of the invention is to neet this demand, by
souglitoposi ng a compound with antimcrobial activity
obtain 0 Is Llausi 14 [®hatb) 8¢tpropodide a
[ n@ﬁtﬁ%ﬁggree?gtqgé ]%%éﬁgoﬁ&?rp%gu%getmli ant i rrJi'c?o%i gl e
con@elhd/ vt anfmseesiaraddivjte obtanfed fiven Basigng Clonsit-el ates to
a nmet hod for the preparation of the COﬁg&)un vvftt.h. robial
antA dirgr Syped| ofathei iavenfions refates 1ond SOPIROHRA AV A gHe
.0bject of the invention relates to a pharnaceuti cal
acu@%}‘rposi tion containing the conpound with antimn crobial

acty Yidotd Mbjdch 8f kpv@REitR. reitdsau rat fethiofi ot thefprepreation of
invention relates to the uses of the conpound with

- the esthporindrvailhi adtinsictabidlmotivaty afiilee inNGRH: on. According to

a first aspect,. the inyention relat “ %'t'
wi thh tglﬁil i‘ﬁﬁl‘?ﬁ i 3F 133?%\9& V?atelshﬁ)s,g grﬁarrn%’% %égla]l%el oroduced
.Bagi.| Gh@Wsthl antigfiG oMbl £ofiviy SptRyiavaitionm cr obi al

Cong%l%lﬁgﬁiteycl,o@gs een ainslo ated and characteri zed. The, .

conpdourth objethef theviemtrition relatels tarihe wses olbihg) commonpd mjth

Is of a peptide nature and can be obtained froma
antigu¢robiebaivitg L ithe ¥ERORyusi i in a suitabl e medi um up

unt j i | &ft i i@heont REatsypeT *bAMbuf with

! heAdeqRigE db2h B giér%tkr’ie%ugati on and filtration, and
antigdéoBRt A@vief the fraction with antim crobial

activity. The conpound of the | nver}ti an,

[ | S 3.
mai Fivy, #cthelecile apiedicedr BimpBeriiiy /614t o V%%gfﬁ figplays
obtajned from Baci]l . as a nol ecul ar
ant%?rﬁhia?%?twiqgha.sgbeﬁgf 0f é?dear?%%rlllgr 0%9 ger:rgss spectronetry
by fiecdiidiind T§Fhanavdntibn Fatthadimicrobial activity is of a peptide

nature and can be obtained from a culture of Bacillus clausii in a suitable medium

up until sporulation, collection of the supernatant of the culture after centrifugation
and filtration, and extraction of the fraction with antimicrobial activity.

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



According to another characteristic, the conpound of

the invention is a lantibiotic, and has | anthionine
wheiodgesdand nodi fied am no acids in its peptiPR@I/1B2007/002003

sequence. According to on8 of its characteristics, the

conpound of the invention conprises the follow ng

sequence of am no acids and ami no acid derivatives:
inwhBivh - Dhb - Ala - Val - Dha - Phe - Ala - Abu - Pro -

Gy - Ala - Gy - Qu - Dhb - Gy - Ala - Phe - Asn -
Dhbmegresemzqqeédl_de];y%pﬁnmqg}}fpﬁ%b represents a

ch ! ate; Dha represents a
Dhagfﬁg%g%%%qg%&g%l%% represents an am nobutyrate. The
AbucepReigaiminobutyratent i on possesses two | ant hi oni ne

bridges, one between the al ani ne in ppsitian t

5 al heneomppundset theninyeniigy PPSFESSEE HEP %@ﬁ@@ﬁe ?ﬂ@d“ggs’ e

al anjne.,in it 1 ' itiBn PRSAHdl @8 e
betwiochy ﬁﬁlgt‘l%%)?ﬁiipgﬁﬁlﬁg %raﬁgg&éé :agdn %{De?gioggﬁlhgrrleéent .

beﬁ%ﬁ‘ﬁﬁ‘eﬁﬂaﬁih@irﬁﬁﬁsﬂﬂﬁﬂld’ﬁrﬁitﬁe slesind iepositipo21.t i on 8 and

the alanine in position 11. A fourth bridge is .pre ent
betAvmethyl-femtidonise Pridae 1saﬁpli¢@mrinﬁ9ﬁenfcwswg§w Egb%}cra ©
.the, al ani.ne_resjdue Jin positi 19. WM
rest ‘F?emeR‘i’sé‘i“?q'lé Eﬁﬁ ﬂt?egl’ampgén é’é’ﬁ%@ﬁn@‘é? %?Elgﬁi nvggtll #&ent
10 bet‘%g {_h@gﬁftgﬁﬁiﬁw Qﬂn'rﬁﬁﬂi&:@]ﬂ%?geir?éh %mprum thd\l ataninéVadsidue in

e - Ala - Abu - y - Ala - Gy - du -
posiloh19. Gy - Ala - Phe - Asn - Ala - Phe - Ala - NH -
CH=CH n whi ch a, b and, Abu, are a fi :
Ac ESPESAYCE & 1@%@0%%1%2%@@@%% &M éﬁ‘? iog n%érje a?%(gl pas
: t he preparation of the conmpound of the
theﬁ%’&fo%ﬁ.{l&%gbor ding to the invention, the conmpound gf ,
the invention can be extracted from Bacillus ¢lausii ‘
according to the foll ow ng nmethod. The method of, . - . cicw.
Phe - DhbpAle{yalr Bitei- Be - 8 - At & Ry - B - R 'ﬁfé?ﬁei' o Pt ls es

the st ages of : I_'S s

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 - collection of the supernatant from the culture after centrifugation and
filtration;
- soiid—phase extraction 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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cul ture of strains of Bacillus clausii in a suitable
medi um up until sporulation of the strains; -

weoeiracishon of the supernatant fromthe cult ureCEHIB2067/002003

centrifugation and filtration; solid-phase extraction
of the fraction obtained and elution. If necessary,
the fraction obtained, which corresponds to the
Ep%ﬁcwd&lg)fo artethérrenshudioent, thencasepaynd jof jthe) ipyention can be
i gh- performance | i quid chramat ograph
preppigLC) CARYRIHARH G eBHGH YRS a B aT HEnte Thsiaods Jposn, i 2

of f.he ion can be db -
1&g HY%E _ prepared by conventi onal
persglﬁglﬁ] ce:a? syﬁ#hem s, according to nethods known to a

Pe%@{“qcﬁﬁﬁd&ipﬂd?f fhe hevemtibn dbslayso apiomivdotisl apiévity against
i nvention displays antimcrqopbial activity. I.nSt .
Grm@mtpf@shagtemé- Tpapartpylat, 1t has B&Pﬁb’%‘ﬁ pagimicpohidl i ?@% PEYeY
antini,crobi al tivity. ' : r ;
5 ok hA R B R YRR, o LRty i oo
BRSO SERSHIANM et inginse Listbios idndtyiogaues find e ram-positive
Li steria nonocytogenes and the Gram positive bacteria
bactefﬁabﬁﬁlfwdlcaﬁlmi ty. Oning to its lantibiotic
character, comppund, of, t ' [ - di SRl
oL RSk 5% i AR BRTRRAAP g SRR st spiopia
a w?frc;’]&' ebi3m gﬁbio@@%@aﬁ! édti@it?; FhrBXHRET® Chikigtrhln Gaiptiasitit yor
. e conpoun pf the invention can therefore be used
imnfumbrioldelating pativatyi on of medi ci nal products. Thus,

according to_anqQther of its aspect t ' Lon:
e e soniouibal BedaTeigPs 0t EORR DBt aPh b RAtion of
0 the invention. These nedi ci nal duct
me(ﬁ?lr%%g%g?c?%ati on in therapy, in particular mot Eg )
t r epuEEvcoRineL for Aot ioits alspécts, dlut inverioni teltesele, madieigal

medi ci nal products al so_find application in the
pIOQWMhWWt@hﬂWGPH}FPEWiﬂf@SﬁW?Pg ™t estinal disorders,

foryexample.in t . ar i Rhpsti i
i nteSET ﬁfﬁdm&asl, |rgcg}ctésr gﬁg r@ﬁg%ﬁfgﬂoﬁsﬁglﬁ émﬁnp%gihg%l?r der th )
treafSent@hd pRSehtiorosl iRetibusalissassat ment in the recovery of -

the intestinal mcrobial flora that has been alt
as These medicinal products also find application ?n the trea ent grgd/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 diarrhoea, in
particular acute diarrhoea and diarrhoea associated with the use of medicinal
products.

According to another of its aspects, the invention relates to pharmaceutical
compositions comprising, as active principle, the compound 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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result of antibiotic treatnment or chenotherapy. They
also find application in the prevention and treatnent

w@booditsdsphoea, in particul ar acute di arrhoea apPdi/1B2007/002003

di arrhoea associ ated wi th5the use of nedi cinal
products. According to another of its aspects, the
invention relates to pharmaceutical_ conposjt]

ns
coBpid adcipents areassldcted, pedonding|te the ﬁharar@ﬁ%%id?om and the
;according.to the inyention or .t.h /
desirgdlaquigtof gAmaHstEation ‘l’fﬂ&ll%‘éi“é‘iexc?é@?ﬁ? Bl Bl 0l d o
. ar utical conpositions contain an effective dose
Skﬂlg‘?l l[f]15§c‘%§tt)rrpound according to the invention, as well a
at 1} e@st plonea@iticancenpositidrsy o fthe qrrpseat dregnsioB nor Saf
exci pients are sel ected, accordi

ng to.t .
sublpmﬁﬂm@bmtar@aus,f%ﬁ@ﬂ?@%h@%@%ﬁ@gd@&?@oﬁl’ intratracheal,
dm Nl StE AL 0, | § iuide: BXPbRAE BB b hatnidEtered in
nasaingwd?%nai Oﬁers(%%lngs | ﬁngg&@#ﬁ% ﬁeﬁ%rt. I'n the
dosdRBIBCAIHEH GAth CRRBRinkl sitsmateutioel qxciiens, 1o Aviarls gl o
or oral, sublingual, subcutaneous,, int raméscul ar s cases
humiang rfav éhouseventiph cerl for| geakreatment Afy then disprdeps, on, diseas
transdermal or rectal adm nistration, the conpound can
mengan HNPstered in dosage units, mxed with "
Co'w L onliofBaLARE Bbthpea) foems ifer Btaal rooteasuchmab datdetd,
to rr%ﬂns fo? ?he preveir)nion or for the treatnent of

softt e Iakd aragarlss, opowtieswagwsulee mndoned saiBliens RppTSHTPYNE
dosage units. conprise forns .for I &1 Steehs ase
sublingmbe Biocsb iigRarn ENpOTEs. idfdid inh R Sl O
Al UbhieRS tRhsRUSRE NSibaRSeotsPIntRgistulatb ue datkavenous
admﬁ’%?ﬂrrag%o?lag lg{ﬂ,’ tllcé%iq'raocﬁl ar, nasal, and jnhalation |
forrhPbEd@iniaghion] fictahform; off arphinistration,sandgiarmients. For topical
subcut aneous, i ntranuscul.ar. or .i ntravenous f-ongg f
applehtioni SeMBEYNSl; aCFRIE{ng tor @Fdélvs‘?tloé‘d?ﬁ“nﬁ% Fat ! a(r%bl gels,
- ant,s. For topical application, conmpounds according
Omtfnggtshoél?tﬁ?/néhti on can be used in creans, gels, _
oi Rfticnadf the gnveiliien canbo sdminisiersfl bytbe inknst Aeifable
can be admi nistered by the nost suitabl oute and
route andsé atdeae thié geprads ithPFHFElRE on dhe W‘iﬂrfg th%\llrtfgcéﬂogf oﬁ&%e
typel r(])ff Cots!c % ’qu%g]tignlj ®n the host's age, weight and general condition, on

concomitant treatments being received, as well as on the host's response to the
treatment and to fhe therapeutic rationale.

In general, for administration to humans, the composition is administered by
the oral route in the form of a pharmaceutical composition of spores. For example,
the dose can be of about 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;
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 intended 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
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type of host in question, on the host's age, weight
and general condition, on concomtant treatnents being

wo emeilysdi as well as on the host's response tRCT/IB2007/002003

treatnment and to the therépeutic rationale. In
general, for admnistration to humans, the conposition
is adm nistered by the oral route in the form of, a

treatpieat i dkel pathalogicongaied ebare Git spmprEses the adaynizsition. {43
_dose_  can_be of abqut 10 x 109 [ daily, for
patient e tiecg 4@8%%8%’@“%‘28@% q%%?’ltlgﬁ' i % particul ar
2, A‘kc8{dh§%%6 é!n%%ﬁ RONE Sspsbdls! Hhe dotfhdusd BEHR idoarionrcan also
Ses.

severa ere y be special cases in which

' be ubbdbeh Mditeviecosnakordoalsafpeapposiians. such doses are

still wthin the scope of the, inventj.on. cor dij

andtogerding toj this %p@@f’%{np?‘méih‘i’fﬁ[b% AYeEHOR @1%8‘3 T %ﬁlgﬁlé&t

se . of t.he.cor f LN\ Nn f R foodstuff
SUf#’é?eélﬁa{Oatlf]%W&ofl Cg&gngd?lc ib%gﬁ%n%lr ?guct irhﬁt ggsélltéd for the

comPbEM6R ARIthaggéraiit théie pfesanatief the pathol ogi es
descri bed above. Accordlgag to another. of _it.s aspects
e

t .
t hehierewemmples given delomeiliasteade the BVERIORSROUSHY Pyt
th%@g@%d above that conprises the
L. ad L L TNQIEC epatient, of an effective dose of
Prodidiof OFRRUNHeRbtahfle | nvention. According to another of
pects, the conpound of the invention can also b

Useth a3/Garstiaitdiofi Becillvs chuamist (abtaiped et et pharmaceutica

conmposi tions. Agcqrdi to this. use.. .
T R e A S
day% gg g\@éul%érr REiHRASAedifmPAGTe a8l 1800 ih imeibspatilaton of the

conpositions and thus permt their
strafy ®safsvat i on. The exanpl es given below illustrate the

i nvention though without Jimting it. 1. Pro b Q:q0f
t heélheo PelswE eispHsa ueitHHS aflﬂetlhgui}lé’leﬂ'?%aélﬁtl.s ﬁ#ﬁ&@ %%ﬂ? 2
sirain.of Bacill I ' r t he
me W&@LHOF%E%FC Sg%ﬂlﬁiutﬁggmﬁg?é@{ f(;egi(él\lllvl};ltél’%ﬁ%'he trade
Ext%@ Enterogermna(r)) is cultured for three days on

efTer Hi nton mediumat 37C and 180 rey/mn u?éip{h
spoFhe atmprundfwitthentimierebisl eetévifsis exfacted i feesofd POAE D

a Sgpegglg 'p{ulég&%' c%lr‘]hgdéeh gtlélps?.rlpo%ttgpsf 1'5§ nﬁicjftsﬁﬁéerﬁat%tt Sbtfined in
the preceding stage is deposited on a cartridge and elution is performed with 100%
methanol, after three successive washings with NH4HCO3 25 mM, pH 8; NH4HCO;
25 mM, pH 8 + 10% methanol and NH4HCOs 25 mM, pH 8 + 50% methanol.

All of the active fractions eluted with 100% methanol are combined and

concentrated by vacuum evaporation until a volume reduction factor of 10 is
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
phase is performed by HPLC.

A first semi-preparative stage is carried out on a column C4 Synchropack
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menbrane with pore size of 0.45 nmto renove any
residual cells. Extraction The conpound w th

w@pio7mseobi al activity is extracted in the soPCTIBR0GR®2003

on a Sep Pak plus C18 carfridge (Waters). For this,

150 m of supernatant obtained in the preceding stage

is deposited on a cartridge and elution is perforned .-
100 Wig Al QBEoAREGENS! cluaé that dishlap enidmisselial AV SR GRYgcted

Wi th NHAHCC3 25 niM pH 8; HCO3, 2 He8 + 10%:-
and wembined! ThadNERHCEERS somm“g%aﬁe% &@%ﬂ‘grﬁ’g |8d.31S /E%i’%gf '
the actjye fracti el oWl L BukiBe3adeishal cangl” of
greage(gr{hgrhggﬁaﬁlaé %%eng%n(fﬂlgteg%ﬁgly vacli,}uum evaporation until
supcnaf@iume reduction factor of 10 is obtained. The
concentrate is stored at rﬁéﬁﬂéﬁ No lQss o %ct il\(/)'fftyso X
wash stmedvadlydicelestage iORE @ Gr SYBTE - (1A%
conditions. Purificatiqgn rif.icafi S 88llected and
4.6 memdgeripapron Ot it Qpley sitiribbATafib e Solccted and
comgpl%a.eT he pﬁﬁfyf S 1B SoRyotiitl Shtaified bt te ariof fhiseyageais igventcr
stage 1s carried out on a colum C4
than)0¥6.hr opack2007/ 002003 100 x 8 nm The fractions of
eluate that display antimcrobial activity are
2. coIﬂ@éﬂéﬁl&M—&&B&“ i ned. The purity of the conpound

DetOb-ti%tﬂ)%dof%olﬁaﬁamaﬂﬁf this stage is greater than 80%
e yirerd rn extraction - purification is about

My-Thelp@ifisil pempaimhbbtafed eivohgamplel ¥t F20aP Ras agyeng %c‘ﬁar
performed on a colu Cl Bischoff 150 x .
woigitaof 266 ghe QeI TS SPAYOHR G A MALDETOR
ctivjt re.col bpedesietparity of the
met@%m%@%%%x&&%g%&ggg&gﬁgggli?gt hi sSIst age is greater
uvhianc98%6rpion SebttGinur al 1 nvesti gation Determ nation of
mo

ecular weight The purjfied conmpoypd t al ' .
Exdftpl eotpeisl of Hhg inversioacapsqFbs 1 Hhe qu‘awofgne danh Mas 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 HC1 5.7 N, under vacuum, for 16 hours at 115°C

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
acid hydrolysis, by derivatization with Noc-(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

The complete loss of activity following enzymatic treatment with Pronase

confirms the peptide character of the new antibiotic compound.
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wei ght of 2107.5 Da deternined by nass spectrometry
using the MALD TOF net hod and confirnmed by nass

w@pectitmaet ry using the ESI nethod. UV/vi si bl ePCT/IB2007/002003

absorption spectrum The c®npound of the invention
absorbs in the ultraviolet and has in particular a
peak at.265”nm conpatible wth the presence of
?LDfmtphmeabndgesaemijGd; outsSiBea ac EiSTeE-SRESHO E518Y oRrosFd
he ami no acids After tatal. hydrolysi i er i
negaliflcln Gortsnhe greseao ghlanhir oS, Wrkltinkido Radcibl
varj ous j ' id
i i WA Achdsh t aaheBibdhet) @231 pipd BSH160,01994
eatiil 1ﬁluarmi %I eé}%corrpoungﬁe nvest i gallti on of tﬁple vari ous :
can %@ﬁhl @EEbEC of QbR bbidieedain e pebase Rifep aneentestaimol

ms L and D of the am no acids that t
follosengisineéuref mofificebem sigkrgtos l{yrfe&‘?ff?'ﬁﬁacgfi %@-ﬁ% ER??PT gply
parti\é\ﬁ ;If%i‘lél{\]f;/tg zrte%a atean-cal{ ﬁlfete%{i of PsBlir264 HedbiehiOdutha§ indabation at
neu%f{f'n‘{ﬁé%&éénee SPDIUDS QD @Ry be-the Alsalhbfigperificeduction of

rfey’s reagent) according to the nmethod described .
the bilciSaib-amina) acidh rvesent in tho8Buctued These ORIEVAORS magelt

results indicate that. all the.resi . a1
possiks f e SRR SVBEALENS SSETE ot P e gt Ao ORenle
nel'by k65 b 1 RibmticEThRChmigTofemziioaics ¢ normall
pmdglﬁeeﬁ%gps{@%a{arbéﬁtss&é% strluccture Tﬁg 0c:onrpliysete Iossﬂ,mf.y
Charg%ﬁl}i?éflﬁy ?ﬁl Iirew'ntng Oolé ﬂmyh]mianine tridges Achmogifiad PRiFRAcHls I
) he peptide character of the new antibiotic
theistmp®ihd. Di sul phi de bridges are ruled out since a

Se ci slt er 'Sepeaiivfei 1 y proved negative. In contrast,
M&%@&&%@dﬁ%—%ﬁ% oni ne bridges, sensitive to

r ?@Hﬁdéﬂ@in r RALEEBImdd usigah kBiocise 4R9diAIRU(NVBSIEYT SCquFaPer
Bi ochem 223, pp 185-190, 1994é§can expl ai n ;EheNI 0SS
(AppiiedaBtosxateer%) bjol depuant degpdationsargpe from the N-t¢ nal

nmey c et hanol . f o}l | ow, n | [ ficaty
ot SEETFRESHAT S b BRATR: ApbsLig rod by onc on
micx%?ﬁlte' akg chRnBEtTHY $equbRast be theaintitieicenclavhle, ds ghe native

astic treatnment such as incubation at .neu ral, pH i
statd, He bicked at theodndDIfTthestinsvstan ot Bulmapechegtegly e&fadagon. The

onlyp regt KeRNHG cepamet o5 drebEERTal R fdeies e 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, deduced 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 lanthionine 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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possible to formul ate the hypothesis according to
whi ch the antim crobial nolecul e produced by Bacill us

w@b@as1ie9i s a lantibiotic. This fam |y of antipkiDIB2067/002003

is normally characterized %y the presence of

| ant hi oni ne bridges and nodi fied am no acids in their

structure. Sequencing of the native nolecule | .
not Sewuiableibygmialysisentithe amihaadit gompeitien aEer oipl acid hydrolysis

aut omati ¢ sequencer . ( l.i ed Bi ogyst: :
for e SRAR AEASABY rHWa ebfndA%?%}P%et?%“Pﬁ%ﬁ% @E@é""ﬁﬁf"g@%%ﬁmn of
end. ..The _%T'ino aciigs Ilﬂr'aﬂﬁg' ol yeebaride or with
denrv%gz ng-‘gﬁg;ké Iﬁ%l%lﬁdlglslﬁn crobo?e a 8 colum. The
AQBSYVRAE), Bfecdfic e Priiaby amine fomiteosl e, in the native

state, is blocked at the end of the first .st of
EdnWith dhe sire & oyetpoadag ﬁhpnprolﬂqglsmeqt%ci Mt?ﬁlet‘ﬁg presence of
i.dentif.ied corr onds. . ) i i GBacti
mogiBER gt RS RERGr S JFidRER Y UuAE ekt Gbaction was
appliB G-tk %e?ﬁc‘l@éntﬁﬁ@tm Fidr 1oudiskigatingnTHOmethnidornmploy eshwas
g

relatin o the potential seguence of

h .
adapietlifroncthebyark of Sknitha Bwe JpBisgherr 2W: 2k ipf ﬁg@{g% 1y, Lo this
ded df th f .t.h '
purpesen o BBOWE 113 RETHA SR B80S Roa fe o iy 47 ©f

the amopo, acid 6 AT d 4% AehdFVvieuidine
't cing nediumreveal the presence o
Na_[i?]a4 ﬂ)g) Pglé’g a ﬁgﬁaqmgﬁ)%gﬂé atn'tﬁ%ld%ﬁ SR g il
chl{%‘ﬁfe[-F b RS A iegamoffdiihé, cdfusdso pHaS. Sandtd 5 fingl wiumhef
antibiotics. The presence of didehydro-am no aci (%ﬁ%
1 mAmdthdf,Q)dnaddednihen the Tedeion mixtyrp s BEY & stgangolfyafor

origin qf the blocking of sequencing of the nolecule
72?91“”1‘257nétive state. The dehydro-am no acids such as

Dharfidi (e g0 ghik adddcdshhe didehydro-amino acids without
(d?Tdﬁelﬁytg%oam ngﬂf)utyra e) are deam nated during Edman
affetiagitedbntiegiredatdgess and t hus bl ock the progress of

th i ng. These. i d
ot BER BRHGC SecisaPSReh 8 TP Chrt Fi0 D 20 AR RarT] B
ft t [ | WS : tof
ca st A B B e B R o b

0.19e1E X e 2apH &NatWoktied on this support is submitted to a second reduction
6- api 1 noqui nol'yl - N- hydr oxysucci nrm dyl carbanat e

in the bReseQE (R0l (fbiton PE26H oo SHRToRFYmERTAB 280 il of
me{hgggigcg&iumvgﬁi?(? Fi‘géESpq?llgg ﬁg@%g—? 60 ?ﬁnop gth%ﬁ‘e%hi%i)%lr S8 hour at
50°C.

Covalent structure of the antibiotic molecule produced with Bacillus clausii

s

The covalent structure is in agreement with all of the data obtained. The
molecular weight calculated on the basis of the masses of the mono-isotopic
residues is 2107.5 Da. The antimicrobial molecule secreted by Bacillus clausii is a
lantibiotic possessing 4 lanthionine bridges and methyllanthionine 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
médiﬁcations on the molecule, and with the amino acid sequence deduced on the
basis of the gene that codes for its production, found in B. clausii. The structure was

confirmed by NMR analysis.



nodi fi ed am no acids and | ant hi oni ne bridges, a double
chem cal reaction was applied to the peptide
w@mniorhiypi c prior to its sequenci ng. The met hoRICT/IB2007/002003
enpl oyed was adapted fromibhe work of Smith, Eur. J .
Bi ochem 2000, 267, p. 6810-6816. For this purpose, 50
nmol_of the purified peptide is taken up in 10 m of
H2OThesother Sreavsispins AR, FIN.oF) O faeiusr playsiapyesent m the
antioxi.dant sol utio 7 L.ding C [
e odPonioro et B linl; HBRYEY Otttk Bibtte cof
anBmfidrGihl 8ivitpas efe A/ stwfid.h H2O) is added, then the
reaction mxture is incubated in a streamof N2 for 72

hours at 37C. This treatnment specifically reduces the
di dehydro-am no acids wi thout affecting the

| ant hi oni ne bridges. The peptide thus reduced is
recovered on a Prosorb colum (Perkin Elner) equipped
with a PVDF nenbrane. After washing the nmenbrane with
200 m of 0.1% TFA, the peptide absorbed on this
support is submtted to a second reduction in the
presence of ethanethiol (addition of 20 ml of a
solution conprising 280 m of nethanol + 200 m of H20
+ 65 mM of NaOH + 60 ml of ethanethiol) for one hour
at 5Q0C. Coval ent structure of the antibiotic nolecule
produced with Bacillus clausii The coval ent structure
is in agreement with all of the data obtained. The

nmol ecul ar wei ght cal cul ated on the basis of the nmasses
of the nono-isotopic residues is 2107.5 Da. The
anti m crobial nolecule secreted by Bacillus clausii is
a lantibiotic possessing 4 | anthionine bridges and

met hyl | ant hi oni ne 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 ca

nodi fications on the nolecule, and with the am no acid
sequence deduced on the basis of the gene that codes
for its production, found in B. clausii. The structure
was confirmed by NVR anal ysis . The other three strains
(NR SIN T) of Bacillus clausii present in the

phar maceuti cal conposition Enterogerm na(r) displayed
the sane profile of
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antimcrobial activity as the O C strain. CLAINMS 1.
Pepti de conpound that displays antimcrobial activity
wap@7ass9be obtained froma culture of Bacil | uBCTIB2067/(102003
in a suitable nmediumup untitl sporul ation, collection
of the supernatant fromthe culture after
centrifugation and fi Itr%g}%and extraction of the
fraction with antim crobi ivity. 2. Conpound
accor di ngpéidel @nPoknd GRAT &SHISyd 8%l RoBilRhetivityNaRl &n b
mol ecul ar V\Igll ght ng?‘ 2107.5 %.y& Con'poulnd %cc r%ll%ng ©
obteingl afros 4 oultize chdiuailluer tlzedi iim & haitable nediuim up until
| ant ). bi otj.c and s lanthionine bridges and nodified
Spa?ﬁfqﬁ%orh&%‘?ﬂoa& Offégﬁﬁmaf% 18ithG Crigurs Aftep sentyfugation and
fifdafbiBand ekBadion ARG élﬂlgﬁ% id] b FARPY | ses the
1f gl | ow ng a?n' 1nocla1 am%ﬁse(ﬁ%éﬁgle: 1e %l%tﬁgﬁﬂg&l a - Val
Dha 2. PheComphund- addouding RooClaifd ¥, ehadhéterizéd ¥h thdB it has a

b- Qy. - a - Phe - Asn - Ala - Phe - Ala in which
mggFBUI%WP]éQE?&mg-Sd]PEehydr oam nobutyrate; Dha
repre£sent | de n~e. epres an s
i bt v SR RO, ROt RO % “RsRERRlR B et it i o
lantitdotdcirel hiag éghthionine dkidiés dhdsnédMed amidy sdgne bri dges,
one between the alanine in position 3 and the al anine
i n posi t iGrmundagcendengototany dnst afelaimpd tel Zroharcierized in
Lt the al.anine in position 21; a
th&r:[gf%c’)?:l ot %_S%ﬁ%??fgﬂ?%‘gbaﬁ% 3°1§ 8‘?%88?16‘ the aninobutyrate
PhieesDHbI€ Allf)- Wasi Dhan Pleanda t Adyalmpi- gyl - RQ - u 1 bhb -
and a fourth bridge between the C-teri nal
GlimiMe - PheyAssy Alei Ree gdap and the residue of the
lnaI ar]11i ne in position 19. 6. Conmpound according to any
gjrliléc of Clainms 1 to 5, characterized in that the am no
D}ﬁﬁiegregﬁﬁgggﬁlgh%.garﬁﬁﬁpﬁ' rs of the L form 7. Method
for the preparation o conmpound accordi ng to any one
Dhafrei@lesantssa didelyyGoalmtineh conpri ses the stages of

Abu represents an aminobutyrate.

5. Compound according to Claim 4, characterized in that it has two
lanthionine bridges, one between the alanine in position 3 and the alanine in
position 7, and the other between the alanine in position 16 and the alanine in
position 21; a methyl-lanthionine bridge between the aminobutyrate 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.

6. Compound according to any one of Claims 1 to 5, characterized in
that the amino acid residues are enantiomers of the 1. form.

7. Method for the preparation of a compound according to any one of
Claims 1 to 6, which comprises the stages of

- culture of the strains of Bacillus clausii in a suitable medium up until
sporulation of the strains;
- collection of the supernatant from the culture after centrifugation and

filtration;
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culture of the strains of Bacillus clausii in a

sui tabl e mediumup until sporulation of the strains; -
w@olzacishon of the supernatant fromthe cul t ureCHIB2607/002003

centrifugation and filtratiion; solid-phase extraction

of the fraction obtained and elution; if necessary,

i fi N f the.f [ bt ai ned, b .
b G- pap PO PHERCETRRIRR O B OSSO g
Vedi ol iaheREQMIChuAAAC b B0l diihed by BERpLSSEdice

conpound according to any one of Clains 1
Phar madiguid drabmetogmpby (HRBIC).char act eri zed in that it

conpyi se conpound according to gny.one of Clains 1

to & ani\@@w}r@ &Oﬁ% CE%&%%@UN tha |1, CORPESS b |campound

?&g;r' e of conmpound accordi ng to any one
acg Cgat?%yf}l?gf?é Ig?lttﬁg' preparation of a nedicinal

product iRiaemdenitibair carhgositionatohmaticainet on thateiteodhmtses a
of intestinal disorders or of infectious diseases. 11.

coggpeupd a¢eording danry arcek dieips 1 & 6 andmt 1enst epe phyamaceutically

t . [or prevention of intestinal dysbiosis
E R

nous vitam n disorder, for the recovery of

t he 1iont estdendtt a RbMpORidBAccHidi@ t@bbL bRl 0BT IfniseBd 6 f the
antibiotic treatnment or chenot herapy, for the

prepagationedfta medighred pegtucomtended iferr tha deatmen apdler prayeation of
intactun:?g di a}%r h&eq%.lg{? di arrhoea associated with the use
Sl e RidsL ot _ GHUWS 53550 of o conpound accor di ng
to any ongeQif £t@hpIuml dcCo@irRStodladH N0t fo¥ ¢hd RefRRABAMROr
or foodstuff conpositions.
prevention of intestinal dysbiosis and endogenous vitamin disorder, for the recovery
of the intestinal microbial flora altered as a result of antibiotic treatment or
chemotherapy, for the treatment and prevention of diarrhoea, in particular acute
diarrhoea or diarrhoea associated with the use of medicinal products.

12.  Use of a compound according to any one of Claims 1 to 6 as an

additive in cosmetic or foodstuff compositions.



