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WD 2007/ 138538 PCT/ | B2007/ 051982 1 PROBI OTlI C STRAI N
AND ANTI M CROBI AL PEPTI DE DERI VED THEREFROM FI ELD OF
WO RE7IB83BNTI ON 5 THI S I NVENTION rel ates to a prQL/IBNE07/051982
obtained froma strain of Enterococcus nmundtii and to
a probiotic conposition of a strain of Enterococcus

mundtii. More particularly, ,the invention relates to a
pepti de obtained froma str3|n of Enterococcus
mundtii, the gene coding for the peptide and various

PROBIQTIC STRAR AR A

.J.II LA 3 M

Lactic acid bacteria pI ay an i rrportant role in

mai nt ai ni ng the bal ance of normal gastro-intestinal

mcroflora. Diet, stress, mcrobial infection and
FIELDNOESEHEMNVENTIONseases di sturb the m crobial bal ance,

whi ch often | eads to a decrease in the nunber of
viable lactic acid bacteria (especially |actobacilli
and bi fT’IﬂQbWVENW%'\I' 'F%I'éaﬂ% 9t £ShéMfle o?aﬁé\ﬁé ﬂ:&‘?} 2 strain of
subsequent uncontrolled proliferation o pat
Entetgwoteys mwmﬁm anda’ds at problcmcacorhnpealtlan foa Mramr Iof nEEn@Irococcus

mundlic BB rpe il Tod Rl rrieRIE fepP s aaameian a strain of
EnteRIcobLe4 hﬁm'dﬂﬂhégé\% @'ocﬂﬂ@tf@rr tha de?mHB%n@GUE#%'u@ hp ﬁéatlons of the
cells to epithelfal or intestinal nucus. ?IS
strain whighrrredeeesoing pent@eaartd e nrutidediselfr ecept or
nol ecul es on epithelial cells and bacterial surfaces.
Adhesi on of probiotic cells prevent the adhesion of
BACKEROUND TOTHE INVENTION he | mmune system The latter
I's 25 achieved by interacting with nmucosal menbranes,
which in turn sensitises the |[|ynphoids. Another

: gEJVOT L%%fﬁgg Eé{dﬁ[?écgéﬂl@‘bfgg aﬁ-f nﬁ’p@e‘?ﬂngtr%lgi? Piel: ﬁt;éﬁrﬁr'pg\g/ Me Bhtance of

normbi fgladtrbanbefm@l mickeficrbac Didty stieds eRti€bBEMdRection and intestinal
30 wiith the i ntesti nes of humans and

diseazes A810TEENE TR MR 1M TAlTlengE Fha dEcrease in the number
f
of vieeE It cRfbdtee B RecokBRly 1daBhadiar SR8 g intestinal

tract. PCW s@29870edb La8a@ntrdled proliferation of pathogenic bacteria then leads to.

diarrhoea and other clinical disorders such as cancer, inflammatory disease and

ulcerative colitis.

One of the key properties of probiotic lactic acid bacteria is the adhesion
of celis' to epithelial cells or intestinal mucus. This requires strong interaction between
receptor molecules on epithelial cells and bacterial surfaces. Adhesion of probiotic cells
prevent the adhesion of pathogens and stimulate the immune system. The latter is
achieved by interacting with mucoéal membranes, which in turn sensitises the
lymphoids. Another important characteristic of probiotics is survival at low pH and high

bile salts.

Certain strains of bifidobacteria, lactobacilli and enterococci associated
with the intestines of humans and animals are known to produce bacteriocins

(antimicrobial peptides). The role of these peptides, and their significance in controlfling
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the proliferation of pathogenic bacteria in the
intestinal tract, is uncertain. However, as concl uded
WO e@i188s3®ent reports on bac_terincins active ap@el/m007/051982
G am negative bacteria, there may be renewed interest
in these peptides and their interaction with
~intestinal pathogens. Many.,of the latter bacteriocins
are produced by lactic acid bacteria normally 5
present in the intestinal tract, viz. the

aC|IIu aci daphi. | us: ou Lact obaci
the pf@*é &BR o reffRpicedhe lrﬂsaferbaﬁirac u%gmr%?%mwver as
“Lact obaci | | us par acasei subsp paracasel and -~
therepmew e Bnaeed Inteseal insthese pegides vadt thein t@tesamonesrtlamtestma|

B I e —

presaxitl ib the pratestivaittraet evizyties) actoBaciiiL doieshius-group, Lactobacillus
br oad- spectrum anti bacteri al peptide (peptide S 4S
reuteir) Eact 9158@@¢>T¢€@Ql Ot asfvackisNTeopentys), ge@peaﬁfgw oplantarum,
t r Qv
LaotRiRERGoGhs, L3BIERTES oo PR BB ey S BB Bococous
faecafmndtl i, sal d peptide having the follow ng amno acid
sequence: NMSQANGEKYYGNGVSCNKKGCSVDWEKAI G
| GNNSAANLATGGAAGNKS 20 (SEQ ID. NO. 12); a fragnent
ther eOfTHéaM\ré‘ﬁhcﬁ’P&%éﬂri%EQQ Aaif%k EWté%co?H}serh[}ﬁdﬁHHat resists
derivatives thereof having antimcrobial actrvrt
intestal sitress lopntivions (@i td:g\epldobd& salts $aitb;epmuﬂeam/emug/mes) and

prod s ¥ DG HorN g g e R AR dRa R (4oMases

honol ogy, nost preferably nore than about 75% honol ogy

to said am no acid sequence, having antim crobi al
BRE%D&GHPTWM aspect of the present
invention there is provided an isolated nucleotide

sequence whi ch codes for peptide ST4SA of the

bact er iagabrdity ko bae USf M dkddent IeHiBA/th8R&5B8provided an
PCT/ | 82007/ 051982 3 The_isol ated nucl eotide sequence

isolateglyperfider fre@ theeba@erieni Aglareeeasesi raendige apidi pentide having the
following amino acid sequence: _
MSQVVGGKYYGNGVSCNKKGCSVDWGKAIGIIGNNSAANLATGGAAGWKS
(SEQ. ID. NO. 12);

a fragment thereof having antimicrobial activity;

muteins and derivatives thereof having antimicrobial activity;

covalently bound bridge constructs thereof having antimicrobial activity; or
sequences having more than about 95% homology, preferably more than
85% homology, most preferably more than about 75% homology to said

amino acid sequence, having antimicrobial activity.

According to another aspect of the presént invention there is provided an
isolated nucleotide sequence which codes for peptide ST4SA of the bacterium

Enterococcus mundtii.
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ATGTCACAAGT AGTAGGT GGAAAATACTACGGTAATGGAGT CTCATGTAA
TAAAAAAGGGT GCAGT GT TGATTGGGGAAAAGCTATTGCGCATTATTGGAAATAA
WG 200TAIESEB GCGAAT T TAGCTACT GGT GGAGCAGCT GGT TCGAAARMT IR 28IE(D51982

ID. NO 11); the conplenent thereof; a fragnent
t hereof capabl e of producing, follow ng expression
thereof, a peptide having gntinicrobial activity; or
10 nucl eoti de sequences whiTh hybridi ze under strict
'hybridizatfon conditions thereto. Strict
r|d| i,on condjtions correspond to a wash
Bofilst Ssiaide; seaesca BRI S dalioHER fiugleotide
qpn“hﬁxincluded in a vector, such as an expression vector .

or transfer vector in the formof a pl asm d. The
v E&Jt@I CARAAGEAGIAGCOTCCAAAATAL TAGuen AL GRAGIIGIICATGTAA

AN BB R T T BT B G R A T B EATTATFEBANATAA
TTCASCICHTGAATT TABC TACTHE POGREEAGT TEGT THGARLAWY . ID.
’EI asm d adapted for transformation of a microbial host

said plasmd conprising a plasm d vector into

whi ch %é} Shg%g]ﬁtgg%% nce which codes for the

antimcro the i nventi on has been

i nsert ed‘ragThentdhé#edfr&apélﬂea)f produaing following @xpression thereof, a
eukaryoti¢c cell, such as a bacterial cell 25 or yeast

cel | . ?ﬁ@“ﬁ%@%‘@ﬂl%‘nﬁ%@ﬁ’@%@éﬂ% Obe i ncor porated
transi ‘ﬁﬂble%t Bé s?ﬁtﬁ%e%?rilé’i’?w‘qndxig Lﬂ]&é?%tr%?ﬁmlﬁfhoh RBnditions

cell. Accor nvent1 on exten

t r ansf tingretb. m crobi al cell which includes a

reconbi nant plasm d, said plasmd conprising a plasn1d
vector into which a nucl eoti de sequence which codes

for t hestadt hyBrigizabal cop@Riohd &difes PBﬁd th T/ @Akh @ 2hfa‘33SC 0.1%
been inserted. 30 According to a further aspect of

SDS,iahbéli€i on there is provided an isolated WO 2007/ 138538
PCT/ 1 B2007/ 051982 4 peptide fromthe bacterium
Ent erococcus nundtii, the peptide having antim crobial

activi fie nucleotide sequence may be included in a vector, such as an
expression vector or transfer vector in the form of a plasmid. The vector may include
nucleic acid sequences encoding selection attributes, such as antibiotic resistance
selection attributes, or other marker genés. ‘Accordingly, the invention extends to a
recombinant plasmid adapted for transformation of a microbial host cell, said plasmid
compris'ing a plasmid vector into which a nucleotide sequence which codes for the

antimicrobial peptide of the invention has been inserted.

The cell may be a prokaryotic or a eukaryotic cell, such as a bacterial cell
or yeast cell. The nucleotide sequencé may be incorporated transiently or constitutively
into the genome of the cell. Accordingly, the invention extends to a transformed
microbial cell which includes a recombinant plasmid, said plasmid comprising a plasmid
vector into which a nucleotide sequence which codes for the antimicrobial peptide of the

invention has been inserted.

According to a further aspect of the invention there is provided an isolated

B
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The bacteri um Enterococcus nmundtii which produces the
isolated peptide 5 identified above has been
waelepossase’l with the ATCC under the assigned nuPdETB2RIAS51982

7278. The specific strain of the bacterium
Ent erococcus nundtii that produces the isolated
peptide identified above ha% been designated as strain
ST4SA. Accordingly, the invention extends to a
substantially pure culture of Enterococcus nundtii
train A ST4SA de |ted with the AT unde

peptige J{yRhe NEBOPYCCLS YN+ eP%Ri'J&.\B%‘HP% geimicrobial

gr«,l\,.garoduclng peptlde ST4SA in a recoverable quantity upon
‘ermentation in a nutrient medi um containing
assinilable sources of carbon, nitrogen, and inorganic

= b oca T8 HastetirE B ana et mupdl wiidt Bontiet gtediet eptide
|dentif|@MQinv@ma\é*bééh 6%56%‘1&9& SAthCHbIA TRE M EH LA Sumber PTA-

mundtii strain ST4SA in a nutrient nedi um under
7278 the sapecidpstiain OEatirfdbtact@ﬁsrraEn&r@@mfrsaﬂundtndhat produces the

tsolatggtp\é&)‘é@& %%ﬁlf%@d?ﬂoﬁlg&%:}%ée%@eélgﬁ%gr L}Fairg?@tsﬁ yAgéordlngEy,

the m@aﬁlbdeaxté}ﬁcﬁ &5 abdybstdrtiafy|dury @uitore ef EMI‘@"O@@C@S mundtii strain
enperature_of about 37C. 20 The nutrient ned

ST499% deppaitadbyith thed G sRdethemssionsd ruyabar IT{-) 7278 . shid culture
capa%f&c f balgmn@%reﬁ igd %eer§A ﬁ%lrecloggrea%%q\é@ﬁt?‘tg’E@éﬂ%rm%ﬁ&ton ina
east e ract nol asses. "Prefer y, the

nutnemltmeamltn rasedtaln‘ilngsad\sﬁﬁlléﬁletdmu&teQObf GathonG .Mitrogére and inorganic

i sol ated peptide of the invention may be used as an
SUbSIARNCER crobial 25 agent in a liquid fornulation or a

gel formulation as a topical treatnent for, for

exanple, ear infections, such as md-ear infections,

and al sﬂmdtmwrtmpecégfdheérwamﬁbn rélafesdo apnscestiier the popduttion ofa

peptit| ophs 1aveRiA Waph Raeiays CuleginAcr - o0 2RO STR ST4SA
~in a ARKEAT ﬁie@lh.lrﬁ'ur@%?'Frﬁ|Ci*d3aé¥o§Hﬂlé)boﬁgmoh‘sea%td‘%?ﬁpé}faturEfo between

exa Ie, si nus i nf ectlons Sl nUSItIS tonsi |l ItIS
10°Ct °G, Nl fesevermble auantty ef sait peptiqe isteodugechnad rarpvering

said ighidbcP iR o AR o0 ol \iiberafite or 2Bl 57c
foll owi ng WD 2007/ 138538 PCT/ | B2007/ 051982 5
encapsul ation in a polymer. The invention extends,

accor di g ﬂl&rlaﬂmﬁ@w&g\@a@@ selgripd &M avy anper (e of the group
mciu&ﬁﬂét %grﬁ %ﬁe%giﬁ&%re%hgg & %vfﬂayﬁgo@?% SO Bhﬁh ?%;R%Enéxtpgct, and

s po ymer e use
molaésesrulPatfevabll othet myptrienatd medieat mﬁﬂRSbiﬁrothl af pltd ®wnd.5such
as, for exanple, skin infections, or may be used for
i ncorporation in '

The isolated peptide of the invention may be used as an antimicrobial
agentin a liquid formulation or a gel formulation as a topicai treatment for, for example,
ear infections, such as mid-ear infections, and also throat, eye, or skin infections. The
liquid formulation may also be for use as a liquid supplement to meals. The peptide may
also further be used as an antimicrobial agent in a spray for treatment of, for example,
sinus infections, sinusitis, tonsillitis, throat infections or rhinitis. The peptide may also be

in the form of a lyophilized powder.

The isolated peptide may also be used as an antimicrobial agent foliowing
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5 inplants or nmedical devices such as, for exanple,
ear grommets, catheters, ostony tubes and pouches,
W@ @mu3ss3sut ure materi al, hygi ene products sSucPCEBEB2007/051982

fem ni ne hygi ene products, contact |enses, contact

| ens solution, or for incorporation in wound

dressings. The encapsul atipgn of the antim crobi al

peptide in the polymer leads to a slow rel ease of the

anti m crobi al peptide and an extended period of

treat nent of E(m’crgilglal |nfect|on 10 The | olatgm
encapAfieliolk ity PRYMSTcI (BBJNYSNtPNc6HIEBHEr AEFRIRNG Ta GO aSPeC"
fhnrnA*J/'('m:: n%%glrthgafné .W%S}gf&@ fl;)%g‘g rOQQ :AMranal eg’l rmrn!f ria

pref er'abl 'y about “200 600 AU/ 'nl of ~ polymer. 15 The
ST4Sp°eptTI'd@ pbllymeremayaghebebeuslead as aforamglatdre rfcoxbtcrpllca.hgaatment of

bei cor i nt.o_oi nt ment or_cream. _ .
infeciEH AT RonSY SYRZEE ok IREFEIoNRoRT SFRY BF UeBPuighincdrieration in
implain® Bﬂhﬁdlﬁmeﬁﬁﬁés%ch%d féekdrigle, BB §RIrPREs, chitfoters, ostomy

peptide may also further be used as an anti nmicrobi al

tUbeSa@%POWe@eSW@’ES sobire oraiesal, hym@n@ pq:sﬂuatswohmsdem@e hygiene
pI’OdL?CiLI!g %g;ﬁ?abct IGI eg,r ég\ﬁg%ﬁ%nsc&ﬂgﬁf?% or %r;’pé @% % éWlehd%ressmgs

The ér’@@ﬁﬁ&lbﬁ@ﬁ of ﬁ@@ﬁlﬂmltﬂ@ib}‘al pteb&de mvmetpoqvmaf lexdsiRsa sl@&r release of
anot her. aspect thereof antim crobi al oi ntmen

the aPWi%ﬂb'abPthI@a@lﬁ‘%éﬁﬁé’ierﬁ’idﬁé period i itigeéent @l ﬁ‘é‘if?b@’é'“fec’“on
of the invention. In another formof the invention
the peptide may be used as an 25 anti m crobial agent
by heeisolptéd peptide ahayl benineludadkiaga ra:g:nrmmtemtlm oBU0D @) AU/m]

(bt ptec R el AL i bobiar Proferath Arodr 20ROCE AU of

polyrhévention the peptide maybe used as part of a
broad- spectrum probiotic of the bacterium Enterococcus
nmundtii in a tablet formor in 30 a capsule form or
it my-be in a ?u bl e form suc

sweet CB%B&*CF?Q maiHbsy %Jj 5éjﬁ,réa-mlﬁmlc:rog}%ll agent by being
mcorﬁ’&?ﬁ‘técﬁﬂﬁ@ﬂn@@ﬂ&ﬁzioh@n%ﬁ@féﬂnﬂ@oﬁﬂxléﬂéh& lseaSiRRAEntOfotion, or

the invention there is provided a probiotic
creaméﬁfw@@latlommayrm uaeqhga ] iﬁf&@@%%l Wemﬁp@demm@o further be

used ¥R oA [SIREY et o ot RERE R ARGR suen as.

for exzenplectardact lens Ansiagfiaeinbr natriayrbamhcakpwéteam&ottﬁe &:@Btact lenses
preferably about 108 vi abl e cells (cfu) per m

5
. thempelygs.ot AeCRIEIKDS| thepvention provides, as another aspect thereof, an

antimicrobial ointment, lotion, or cream containing an antimicrobial peptide of the

invention.

In another form of the invention the peptide may be used as an
antimicrobial agent by being incorporated into packaging material such as, forexample,

plastic, for use in the manufacture of aseptic packaging.

In an even further form of the invention the peptide may be used as partof
a broad-spectrum probiotic of the bacterium Enterococcus mundtiiin a tablet form or in
a capsule form or it may be in an edible form such as, for example, a sweet or chewing

gum.
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In one formof the invention the probiotic conposition

may be used to reduce pathogenic bacteria in an
w@piorasssss a human. 10 In another form of the PCEB0TN$1982

the probiotic conposition nay be used to reduce

pat hogeni c viruses in an aninmal or a human. The

probi otic conposition may bg in the formof a powder,

aliquid, a gel, a tablet, or may be incorporated

into a foodstuff. The probiotic conposition in a

liquid 15 for be use a liquid,suppl erent to . .
el s AsRardig [ AT BPecHl Tisveror Ll B U g Probioti
compdsit@POHEILARG 4 BickeaRRie callnt APAHsiAPE tNéabbatieah Ffective

"(cf'u) per n” of Tiquid" suppl ement.” The’ probiotic _
concentngtosi of orfermpcbas admdii strain &d 45A. ahhastral may beunelnded in a

at, 20 a.final  ,concensration, pf_bet n .1 a
concditgatih 3,pbodh 467 F0Lvesirroed 2t T6vehE GRS (oD, per mi of
probiBfi€t8mmBkitiopbout 3x 105 cfu/m . According to another

aspect of the invention there is provided a nethod of

treating a bacterial infection condition in an ani nal

or hu : i [ i .

exposi i oak RRCHRY e 88 profosc tor Rl may pe used to
redusaIpatr@aeRiciyact@fpesan aoimaleelageirednfrom t he group

conprising any one or nore of: a pharnaceutically

effective anount of the Enterococcus nundtii strain of

the in Welak | kbW I t

of ¢ ho ‘Sar P FfofnE IRERRGRN fitbiotsg ot Ray Blused to
redude pathdgegicyirusks im avemimahorexhemds. al so to use of a

therapeutically effective WD 2007/ 138538

PCT/ 1 B2007/ 051982 7 anpunt of the Enterococcus

mundt i it Frdbldtielcohipositinanhy 08 in the B BRBHRMH £ liglid, a gel,

a nmedicanent for use in a nethod of treatinga = =
a tabletcoremay bei infaporaiadiimto sanfoadsivill Tde prgmiotic comhrositiamipd liquid

may include the st of ex in acteri,al. specjes to .
formfidy b a7 dghie By FREC T MRal" TheLs A HE( b Tndiflied in o
concEAatst sedan 10f 1ol 96, %E@‘efaﬁblﬁ@@qlﬂq(@}swﬂﬁ cellserf pea | vf liquid

about 200 000 AU m . The invention extends al so to use
suppiment her apeutical |y effective anount of the

antim crobial peptide of the invention in the

manuf acture of a nedi canent for use in 10 a net hod of

t r eat i Mheprbditiecof pdsitforahay be admams@nédtd aanimeanhuman at

“a final concentration of between 10° and 10° cfu/ml, preferably between 10° and

10° cfu/ml, most preferably about 3x 10° cfu/ml.

According to another aspect of the invention there is provided a method of

treating a bacterial infection condition in an animal or human, the method including the

'step of exposing an infected area of the animal or human to a substance or composition

selected from the group corhprisihg any one or more of:
a pharmaceutically effective amount of the Enterococcus mundftii strain of
the invention; and
a pharmaceutically effective amount of the antimicrobial peptide of the

invention.

Accordingly, the invention extends also to use of a therapeutically effective
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The invention further provides a substance or

conposition for use in a nethod of treating a
whawrasssad infection in an animal or human, saP@I/IB2007/051982

substance or conposition conprising the Enterococcus

mundtii strain of the invention, and said 15 net hod

conprising admnistering a Ifher apeutically effective

anount of the substance or "conposition to the aninal

or human. The invention further provides a substance

amoufh 5 3R i tpiRPEE oA UL R AR P SdPv AR i ganufacture of a
mndlﬁ:ﬂhﬁl\ﬂﬂg Bs®lha %fl@%@%iﬂrﬁ{b ﬁ@ﬂﬁﬁbﬁh%ﬂbﬁﬂﬁ an animal or human,
antim crobi al peptide of t e T nvention, and said
met hod conprising adm nistering a ther apeuti cally

ect | st ance qr si.tjion. to
C OB HIaiEed TR o HH8) 20 ExBhsing RERHL Bsbs o the
antindi¢tbBRA p@ﬁtld?@elﬁlfhé iRYeritlth &AREcoicefBaBo®bf 108900 to 300 000 AU/MI,
Aci net obact er baumanii; Bacillus cereus; Costridium
prefergliy Bhoyt 20QRP0 BM/atlobact er ¢l oacae: Escheri chia col
Kl ebsi el | a pneunoni ae; Listeria innocua; Pseudononas
arugi nosa; Staphyl ococcus aureus; Staphyl ococcus
car nos e uﬁtdrﬁt@h@@@rmm@m iseish a theramniticale effiective amount of
Enterococcud%a faecal i's; or Streptqcoccus, pneunoni ae.

the aRpMcERRIALR cpféh%mvrent'%wth%m%ﬁ@@weo@ 4 gdicament for use in
a mef%\éeﬂtké%iilng@ﬁcﬂeﬁ PinfaeieR%h an a{Fﬁ’t‘hQPﬁr RfimbAhi bi ting
acteri a speci es, the nethod including the
step of exposing bacterial species to an effectlve

anount t he ant crobi al, peptid

S007) 138630V eRse] BT poatded S bEfari dspmaation for use in a
methB@Céfet"réé’clngsﬁeb”éc.@éraémﬁfé&ﬁoﬁeiheé“{f aflirhlO5p huht%aﬁr QHid substance or -

i ncl uding:” Acl net obacter baumanii Bacillus cereuc

compcisditr C@mnsmgrtbebﬁmﬁmmns rewidi siamn of tie darsdion, and said
cherichia Kl eb ni.ae;_Liste

metnoh (TR Mo RinlsteMER Tt b R ERARE anxisi §Ein? substance or

compusitRinsto the apimibbsios@Hancar nosus; 5 Streptococcus
caprinus; Streptococcus (Enter ococcus) faecalis; and

Streptococcus pneunoni ae. The nethod nmay i ncl ude t he

step OfT %Xlﬂeéﬁt%gw fm'gfe‘?(rg):‘ré\{ %é@gcéuﬁ)‘% drfte &ecomposmon foruse in a

anti m cr ob e |nven I'on at

methodrt?fetmé%tlatg agbaxﬁeﬂélanmoh Onfﬁlﬁaﬁ[&@al/ﬂ%ﬂ l‘mmanl@ald substance or
referably abo 200, 000 Accoyding to one
com%gs&@& CYPPE$HEY ﬁfwesaénm?rﬁ@aiytneaﬁd% RrtRe iiRVEsHion; ged saif method

comdén%?*efta%i%lﬁirs?é?mogt ﬂ{ergﬁéﬁﬂ&%ﬁy féfgft.bQ%MBﬁﬁﬁ bf YAE substance or

ococcus sal d pept
composition to the animal or human.

The bacterial infection may be an infection caused by any one or more of:
Acinetobacter baumanii; Bacillus cereus; Clostridium tyrobutyricum; Enterobacter
cloacae; Escherichia coli; Klebsiella pneumoniae; Listeria innocua; Pseudomonas
aruginosa; Staphylococcus aureus; Staphylococcus carnosus; Streptococcus caprinus;

Streptococcus (Enterococcus) faecalis; or Streptococcus pneumoniae.

According to a still further aspect of the invention there is provided a
method of inhibiting growth of bacterial species, the method including the step of

exposing bacterial species to an effective amount of the antimicrobial peptide of the
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havi ng the am no acid sequence of SEQ ID. NO 14: 15
a fragnent thereof; nuteins and derivatives thereof;
wW@eoo3@spsamces havi ng nore than about 90% honol BgIB2007/051982
preferably nore than 80% honol ogy, nost preferably
nore than about 7096honnlogy to said amno acid
sequence, having antim crob activity. 20 According
to anot her aspect of the pr sent invention there is
prOV|ded an isolated nucl eotide sequence whi ch codes
X for ST4 ans orter peptid bact erium
inventigh o T DERAAR HHaRTIEs Manbe Sebetblion b Sopa isifgnce
MY COMBIc3shddisr pRURPHT | Ble-RRAVBRGR: Of/okdium Dty DB tyricum;
13; 25 the conpl'enent thereof; a fragnent thereof or
Entembabfeotofdﬂ:@eqﬁecmemhmucoh W&bmeﬂaz preutenias;r Listeria innocua;

i di zati on condj t hereto, t o ane
Pseudighpes B Bo R SRV RGRH T tiedte PEMRAEHS o f3mosus
Strep%@c‘ﬂc@h§@a}oﬁﬂy\§” SiepoRbédlRs fEﬁt@)fdoB@c@@Cﬁa@bbkﬁ“ and Streptococcus
Enterococcus mundtii, said peptide havi ng WO

pneua@diEe1 38538 PCT/ | B2007/ 051982 9 the amino acid
sequence of SEQ ID. NO 16: frn-neat thereof;
DIV...,. nuteins and derivatives thereof; or seguences

havi ngmrmeﬂmrmebqnéiu@@%@@teﬁ @gexpcwre_cj 5aa@r‘at gpeees to the
than 5 80% honol ogy, nost prefera

' antlmm%)nbﬁemwo&tbesra\r@tloarﬁt@occmeat@meﬁ&%O 09@&@ F?QO B AU/ml,
—prefef%ﬁelygb lgihtkof"b @‘AU/PH!W Accordi ng to anot her aspect of

rnvention there is provided an isol ated
nucleotlde sequence whi ch codes for ST4SA

i mmuni ty/ adhesi on peptide of the 10, bac
Ent o oCEORGmANE, SPPGOf 4 RiesThIBIcBN dBokesig Rvided an

isoiat%@?’tr%r%g&gﬂgﬁ‘g)l Eﬂg% tfﬂi{l‘ﬁ'éclﬁcgo fa@?erﬁﬁ’ﬂ YensRcotcrERund®i, M peptide
having the amino acid sequence of SEQ. ID. NO. 14:
a fragment thereof;
muteins and derivatives thereof; or _
sequences having more than about 90% homology, preferably more than
80% homology, most preferably more than about 70% homology to said

amino acid sequence, having antimicrobial activity.

Accordmg to another aspect of the present invention there is provided an
|soiated nucleotide sequence which codes for STASA ftransporter peptide of the
bacterium Enferococcus mundtii. The isolated nucleotide sequence may comprise the
nucleotide sequence of SEQ. ID. NO. 13;

the complement thereof;

a fragment thereof; or

nucleotide sequences which hybridize under strict hybridization conditions

thereto.

According to one aspect of the present invention there is provided an

isolated immunity peptide from the bacterium Enferococcus mundiii, said peptide having



L]

a fragnment thereof; or nucleotide sequences which
hybri di ze under strict hybridization conditions 15

WQ b@r@as8538 The. i nventi on extends, according to BCDIB2E07/051982
aspect thereof, to a prinmer selected fromthe group
consisting of SEQ ID. NO 1 to SEQ ID NO 10
Accordingly, the invention,extends also to a priner
pair selected fromthe foll%mﬁng group: 20 primer pair
conprising SEQ ID. NO 1 and SEQ ID. NO 2; prinmner

r conprisin and SEQ ID. NO 4;
the a%v %@F*daﬁqpeeaﬁﬁ%ﬁ%&%@% NO. 5 and SEQ ID. NO
6; pr bm&rnnp.gy.mhsmmrl si ng SEQ ID. NO 7 and SEQ ID.

NO. 8; and prinmer pair conprising SEQ ID. NO 9 and
SEQ | Butglos ahd. derbratiines thereoft oon ext ends al so to the

No. 5 ShAtaEEaqEITE os thal Uk Bmdiogd aiaepl More than
BRI EF BRSO MbIdy, FosT plefERA MNefe thh ddutd 0oehbeIology to said

under st andi ng o the present ‘invention, and to show
how t hemiseasidraausace ahavieg anhmisrebipbactivityef er ence
will now be nade, by way of exanple only, WO

2007/ 138538. PCT/ | B2007/ 051982 10 to the acconpanying

dr awi ng&ceniing rdresthenasuice bf theipgesent Inventian thé\"@g@pﬂfwded an
cell porphol ogy of Enterococcus nundtii strain ST4SA

isolatgg nusleabiig sgaBsnasEVNCh CRRRE Y ST4RA FeRuRibYadaesipy peptiie of the
bact%@%@g%ﬁ%&@sm&s@?;@ﬁ%ns?{lat@gtng?%ggégs@&uer%éq%{?go%pnse the
nuclegéide segpestd oLSRA. mBr NO. ASgenus- speci fic DNA band of

112 kb, eC| ic fq erococcus, was obt ai ned;

Fi guret@g t&b %?ﬁtﬁ of an agarose gel showi ng a

PCR pr %%mé,q\gﬁergdfa&went) obt ai ned by using
speci es-specific priners. A species-specific DNA band

of 10 nSlo@ob;ie sepeeidesoviiich hiintdizeggsiet etsichiyhfidizationsenditions
obt ai ngh igure 4 is a graphic representati on of

pepti d % SA separated by gel filtration

(AKTA-purifier);

The.invention. extends, according to another aspect thereof, to a primer
selected from the group consisting of SEQ. ID. NO. 110 SEQ. ID. NO. 10. Accordingly,
the invention extends also to a primer pair selected from the following group:

primer pair comprising SEQ. iD. NO. 1 and SEQ. ID. NO. 2;

primer pair comprising SEQ. ID. NO. 3 and SEQ. ID. NO. 4;

primer pair comprising SEQ. 1D. NO. 5 and SEQ. ID. NO. 6;

primer pair comprising SEQ. 'ID. NO. 7 and SEQ. [D. NO. 8; and

primer pair comprising SEQ. ID. NO. 9 and SEQ. ID. NO. 10.

The invention extends also to the use of the primer pair of SEQ. ID. NO. 1

and SEQ. ID. NO. 2 in the identification of Enferococcus mundiii.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, and to show how the

same may be carried into effect, reference will now be made, by way of example only,
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Figure 5 is a photograph of a SDS-pol yacryl an de gel
showi ng the position of peptide ST4SA; 15 Figure 6A
WO 2008188588 ogr aph of an agarose gel show ng t heP@I/EB207d51982
profile of E. nundtii ST4SA; Figure 6B is a Southern
bl ot showi ng the | ocation of the structural gene on
the chronosone (genone) of1 strain ST4SA;, Figure 7 is
a diagrammatic representati gn of the am no acid
sequence of E. 20 nundtii peptide ST4SA; Figure 8 is
a DNA sequence of the ti de ST4SA structural gene
to the(ageomRaNYAG BrvdRos ane aitlss IhwRichmuni ty gene (O
Fi gures 9A and 9B show the influence of growh medi um
conmponents on peptide ST4 production; 25 Figure 10 is
aFiguphiig apiresga obedlonoghoidyy of fodkrrocoansehuplipstrale STASA as

ST4SA i S hbroth: Figure 11 is a photograph of an
obserya e E N CaNInR P BT PSR whi ch ey cont af n
t PRy petAtd wepREtBERipPN o BRCagdTbad 'l Bholwing a0PERD Product (DNA
showi ng the stabrlity of peptide ST4SA (crude extract
fragmentRobtainsskbyiesing ng@m@r—sw@ci& primerad Avggrisyspacific DNA band of
[ : - Fl e 13 is a photograph of
112 8 RO 0E b STRELAPUS Mpd O IRAY Peclabnonas ap. o
20Rréd 38538 PRIby BP0 ahl&§osd el o @aPCR atdduct (DNA
~ Figure 1 A- 1s_a photograph_of SLreptococc~,iS
fragmw%mbtameaém Ysing SReCleT sReFTipRpMERe AtREpes-509cifoHNA band of

308 WHPEBLATETS EABKANRCAL ADRUEEPLASTIGE, ol cated by

I'sa grap oW ng the growth
| Rigrediion gnhptit regptsentations oppeptive s B4SA Sepprtdd e mel filtration
7); . Figure 16 is a graph showing the growth
(AKT%H%Wmeﬂron of Streptococcus pneunoni ae (pathogen 29);
Fi i& 4 Bh F S ' | i L mbRidd iti
Kl e giggl%'aé Enggﬁoﬁgg gégr?ast] 8 eﬁ"&%%) ;1 ¥ rF?Sltwg(;:;)U|rlﬁed g{éb ;?cgs:tlon of
peptide GriddM;showi ng the grow h i nhibition of middle ear

! %?éua}"te%A is a photograph of an agarose gel showing the plasmid profile of £.

. mundtii STASA;

Figure 6B is a Southern blot showing the location of the structural gene on the
chromosome (genome) of strain ST4SA;

Figure 7 is a diagrammatic representation of the amino acid sequence of £.
mundtii peptide ST43A,

Figure 8 is a DNA sequence of the peptide ST4SA structural gene (A),
transportér gene (B) and immunity gene (C);

Figures 9A and 9B show the influence of growth medium components on peptide
ST4 production; |

Figure 10 is a graphic presentation of the production of peptide ST4SA in MRS
broth;
' Figure 11 is a photograph of an agarose gel showing a DNA fragment which may
contain the putati\)e adhesion gene;

Figure 12 is a graph showing the stability of peptide ST4SA (crude exiract .
suspended in sterile distilled water) at different temperatures;

Figure 13is a photograp'h of inhibition zones recorded against Pseudomonas sp.
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(pat hogen 40); Figure 19 is a graph show ng the growth
inhibition of mddle ear isolate (pathogen BW;
wWo@ansss2® i s a graph showi ng the growth i nhi bP@T/BR0051982
m ddl e ear isolate 15 (pathogen E); Figure 22 is a
graph show ng the grovvth i nhi bition of mddle ear
i sol ate (pathogen GW; glulre 23 is a graph show ng
grow h inhibition of mddl € 'ear isolate (pathogen
HW; 20 Figure 24 is a graph showing growth of strain
STASA in the presence of Listeria innocua LI\/G 13568
on anyAgATRIBMuCt i on of peptide ST4SA. Synmbols: - +- growt h
oﬁ: rStrEa‘iAnl 514%0& l—t heQ SLAGE, t'\nlaurrJnn)Eul_'Qp‘llrl +|=M3\n+h nah‘hr'h::
155687 UES TPGF ot mhi”E{E?l”é'ﬁ”‘é § L. T'nnocua ‘—a?
ST4Slﬂ356m 6@0 Albimgrantgleskage pHhe=cypopdsnt is amdicdteg eptthderrows;

ure 5.is a chenrat sen 0
oh L Fs 1Bt Bt wiRe e donh ubRSE Bl Shrbogants preumoniae
(pathggg,l,lga?l on of probiotic strain ST4SA; Figure 26 is a
schemati c presentation show ng bl ocking of the Lipid
| Figwiedétis sigraph stawing Smeoropdh intalpidon Dgsaept@cocm priggimoniae
thm)de S action (antimcrobial activity) of peptide
(pa 8959490 Leakage refers to cytopl asnic | eakage, as

r grQirdery Eyalgﬂﬁﬁle%ﬁ@ﬂur@%eagl%mﬁ iglfbRiehosH KRp8iella pneumoniae
activity levels. 30 Figure 27 is a schematic

' (Dathpﬁféfﬁégént ation of a disulfide bridge that was

u h I .
ReBe.E5ds o Wb BiREROLEE Ty RRIGH of ol Sasgsotate
(pathsbemoa, hydr ophobi city plot of ST4SA WO 2007/ 138538
PCT/IBZOO?/ 051982 12 Figure 29 shows: the results of
'%ﬁo&?t'ég% rf#3pk h%ﬂqV\éH@ ethi 9'??"@'?4'9@%‘@" ogumgildqpa|eqrn|solate
tro AT mrdiel Figure 30 shows growth curves
(path@@e%@%nd“l ST4SA in MRS broth and CSL nedia; 5
FiFiggure 2Q ishavgrapenshovang thedgeaehningiafiore df sectdiorear isolate
of 6% Control Colon (B) Strain ST4SA fed colon (C
(PathegR i 11 eum (D) Strain ST4SA fed Il eum (E) Control

L'F\@ire QE)ISSér%thSJm5 el !);(Mﬁ&th(ﬁhlb@%ﬁ io®| msilee &% isolate
(H™ Strain ST4SA Spl een at 60

(pathogen GW); _
_ Figure 23 is a graph showing growth inhibition of middie ear isolate (pathogen
HW); _
Figure 24 is a graph showing growth of étrain ST4S5A in the presence of Listeria
innocua LMG 13568 and production of peptide ST4SA. Symbols: -¢-= grO\Alfh of strain
ST4SA in the presence of L. innocua L MG 13568, -m- = growth inhibition of L. innocua

LMG 13568; -s- = changes in pH, ] = production of pep’tide ST4SA;

| Figure 25 is a schematic presentation of a gastro-intestinal model (GIM) developed for

evaluation of probiotic strain ST4SA; _

Figure 26 is a schematic presentation showing blocking of the Lipid il target site
with vancomygcin and its affect on the mode of action (antimicrobial activity) of peptide
ST4SA. % Leakage refers to cytoplasmic leakage, as recorded by increased DNA and
B-galactosidase activity levels.

Figure 27 is a schematic representation of a disulfide bridge that was introduced
into the peptide that covalently linked amino acids 9 (cysteine) and 14 (cysteine);

Figure 28 shows a hydrophobicity plot of ST4SA;
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magni fication; Figure 32 shows a graph representing
the daily wei ght neasurenents of each 10 experi nental
wWQe@ap3ssss rats. The arrow i ndicates the tinme oPCT/IB2007/051982
Listeria infection;. Figure 33 shows a graph
representing daily neasurenents of feed intake of
rats; Figure 34 shows a gr%h representing the daily
nmeasur enent of water consuifed by each experi nental
group of rats; Figure 35 shows a graph representing
faecal ture ontent of each 15 experine
?M%%%S'P%W%% %f%é‘rH 1Pt rBePReRTRgenas e 'eﬂ!Sg "Yiﬂ'ugLMSA and
rv'\ n,egnqgn,tf;,obsThad{,;been adm ni stered, and Figure 36
1ows Listeria count's in faecal sanples collected 1
d&ygqree’so shews igpowtraourves ddys /pusdtii ST4SAiinMRBdmotaahd CSL
.experinmental group of rats. 20 Table | shows
medidhenot ypi ¢ characteristics of strain ST4SA (sugar

f wgmetﬁtsms Iﬁé}ﬁéiy'smd edaRkthided So¥RrEi cfff(ﬁ.f @Bhtr@l Colon (B)
characteristics of "strain ST4SA; Table 3 shows t

StraiST4SA fetl colory (@S ontentevn () StraiHSaASAded éfﬁgﬁ‘r(tEé Qﬂntro! Liver

) SR iR has ek VlPEn SO RRIRN T el SRR RSN =t oox

magril¢Etdnon paper di sks; Table 6 shows the conparl son of
the activity of peptide ST4SA to commonl _
afigWrold showsgriraply reesentiuhibs: dﬁﬁfywela%tﬁnﬁaéursws of each

b | @r d
i E A e e e I T
T&hgwe%m 4 Grapdl raptesentiag aameasm@mem@oﬁedd arfthles of rats;
treatment of pathogens wth de ST4SA
DB E5 835/ 3 FS0ns Ghrewsrtings THaNaY 1DEaRaiRment of waer
d Tabl e 11 sh
Consgﬁ%ﬁa&\})a‘?&‘fé’ééér}g{‘%t C_é{%ﬂﬂ%ﬂr&t%‘ zed) ; Tabl e SNOWS

Sur Vi SA"and production of nantirle
CFH@iei 35 tshewsl a/lg-rapln sepreisanting tloy tfageal evoistiye usadenrfsof each

expe{jfielfgl oty alfals Bt iR S an der P nEreriieHad been
adm,ﬁig@-bﬂeén@nd MRS 5 (De Man Rogosa nedium Biol ab),

respectlvely
F;gure 36 shows Listeria counts in faecal samples collected 1 day pre-infection

and 2 days post- mfectlon from each experimental group of rats.

Table 1 shows phenotypic characteristics of strain ST4SA (sugar fermentation

reactions);

Table 2 shows differe_ntial characteristics 'of strain ST48A;

Table 3 shows the effect of enzymes, temperature, pH and detergents on peptide ST4SA,;

Table 4 shows an activity spectrum of peptide ST4SA,

Table 5 shows activity of peptide ST4SA on paper disks;

Table 6 shows the comparison of the activity of peptide ST4SA to commonly
used anfibiotics;

Table 7 shows adhesion of peptide ST4SA to pathogens;

Table 8 shows extracellular DNA recorded after treatment of pathogeﬁs with
peptide ST4SA,

Table 9 shows B-galactosidase activity recorded after the treatment of pathogens
with peptide ST4SA,;
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Tabl e 12 shows anti biotic resistance of strain ST4SA;

Tabl e 13 shows growh of strain ST4SA in the presence
wW@Roodiigdses ent concentrations of PCT/IB2007/051982

Tri met hopri m sul f amet hoxazol e (TMP- SMX) and

Met roni dazol e; Table 14 shows virul ence factors that

wer e assayed; 10 Table 15 s,‘gi)vvs t he adhesion of strain

ST4SA to Caco-2 cell lines plate counting

(control); Table 16 -shows conpetitive exclusion of

strajn, STASA and L, nonocy, nes; . Tabl.e 17 shows

V\é{aglﬁ 1&ﬁﬂﬂ\“’é@ﬁé@“qrh?ﬁgﬁmf%oc”éﬁ“é@”%? Jai n ST4SA,

LaGhRvi | 8hQlus sURSIHPBE SFER BFU PR proBctl@Pheblds RAWSA in the
(3-giucuroni dase activity in faecal sanples of nale

GIM \liistedn menacytepariasyvas s8d drgktyrganisovpathogenidyhandlues are

B day.strain ST4SA st Y _ .
an asRad oD HER 51 ol DB<ui s Uobf Sisre NN PeliyBen dNese) and MRs
(De NM&h RoZo3E n&dIaM) Bic’o’lab]@@é?éc‘ﬂ@ély%i Tabl e 19 shows the
purification of Eeptlde T4SA in MRSf (MRS filtrate)

20 abidil 2 showaisnd Mcgﬁﬁiﬁ@nﬁ@ﬁﬁlsﬁﬁﬁﬁﬂ'zlﬂi? csL,
STA8R R ol iR of b Shell SEAATE Ry BlesBill' 6F aiferen

concégigatphs(dfAPImathobrieSkulimibibYkaasie CONPOBRNY) SindtMetronidazole;
determ ne which nedia had the nost signjficant effect

orl a4 gBowsiplancedasioroinat wese pgpa¥edi2 shows t he
t 1 f -
gﬁl}@é § 508 h -ty EBhS&SH.o?dsthg [ﬁﬂéﬂ%‘fg%@%%’; ifles by plate

activity optrm zati on;,
countimyaotedint r ati ons of MRS conponents and CSL; Table

2 he 210-5 FrFD 1gn; Tabl h
2Bl 18 shPue£PMRIGva S GS Lo ST TS 54 SARD e dhgrooHagenes:
quélb?e 1?@h§ﬁ@‘%§?i@ht2f?l?ﬁé;&d’r“réﬁ st B dRYaiH §'ng%|?\,e Lg%tovita or

eterm nation of "CSLC and YE concentrations;
unsupplemenite wadetake of carbon during fernentation; WO

2 1138538 PCI/ | B2007/051982., 14_.Tab 28 sh t .
- debie B3 Opegt ol B fny Y A PR hale Wistar rats
during Sa(A) 07 it L RteNitLstuanand@ By a B0dagremairPSY48AUgSdy. Values are

mM p-nitrophenol released per 2 hours. Standard error values are shown in

_parenthesis;

Table 19 shows the purification of peptide ST4SA in MRSf (MRS filtrate)
medium;

Table 20 shows results for pure CSL, molasses and CWp tested as growth
media for peptide ST4SA production; |

Table 21 shows a full factorial design (FFD) with CSL and CWp as components
to determine which media had the most significant effect on peptide ST4SA production;

Table 22 shows the results of CSL supplemented with MRS components for
ST4SA activity optimization;

Table 23 shows high and low concentrations of MRS components and CSL;

Table 24 shows the 2'%° FrFD design;

Table 25 shows an analysis of Variance Table for a 2% FrFD design;

Table 26 shows a 2° FFD with 3 centre points for determination of CSL. and YE
concentrations,;

Table 27 shows the uptake of carbon during fermentation;
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Tabl e 29 shows the effect of antibiotics and
anti-inflanmmtory nedi canents on adhesion of ST4SA to
WC2woAB58el | s; 5 DETAI LED DESCRI PTI ON OF THE | NVERBRDON51982

The invention describes a strain of the bacterium

Ent erococcus nundtii that resists intestinal stress
conditions (e.g. |ow pH, bi1l4e salts, salts, pancreatic

10 enzynes) and produces a broad-spectrum

anti bacterial peptide, nanely peptide ST4SA. The

strain_of Enterococcys ndtii which produces the ,

> 1Bl 28 s KK B OH AP IR She. Ryersl ST4 against
ntihicARE LS At et Nr &,50l | ection) and the assigned
A inbear %2 ﬁ#ﬂ%ﬂé. JAch”v’ity has been observed agai nst

a Tiahleg29 shobve theéff&tahanpbistics apd antl-iGlammadgztmedicaments on

bact er | si. of these isolated from m ddl e-ear
adhe?'ﬁpégéﬁ%bﬁﬁaé ﬁércér ntestine. Exanples of bacteria
inhibited are as follows: Acinetobacterbaunmanii,
Baci |l us cereus, Costridiumtyrobutyricum :
ETAL S DESERIPTIODOETHEINMENTIONS coli, Kl ebsiella
pneunoni ae, Listeria innocua, Pseudonbnas arugi nosa,
St aphyl ococcus aureus, Staphylococcus carnosus,
St r ept- qhRGAWSHEIRADIESBIDes Bt tRilh OF Gt Bactelitiit BhRESSSUesS mundtii
faecalis, Streptococcus pneunoni ae, and_a nunber of .
that egsists datestipphisiigsefcopgitighsd@ng.i favePHtr bitg (5645t saks apancreatic
gat i acteria i ed f. Lof L ddle- -
enzy B8V AT BlAdifeeR o8 SopRonRBlrh SplESLLLE) PERES: hARER peptide
ST4SKt Mhktstrairs peEnfaroabdousagandid twiicie braducasitied peptifie ST4SA has
‘human: pat hogens._ A nunber of_ broad- spect rum

beehéﬁﬁﬂ%ﬁ%@ ¥indhegeprCdémsticen ups Ghlyedgaliacdipn) gad the assigned

| numlﬁrqwggzg.e mg&g@%@b@é@ﬁﬁ%%cg???Elisspgqarg%srgtémber of Gram-

pent oci n d pro pentosus,
positivaandrGraci-ne§athil b&iRepa adosted thpseliaclatdtbitomirngdie-ear infections

and tﬁggtg%g{%. | xébpi%ﬁ %R@gggqrggﬁ%g{’sé %rgaggrggcgﬁsc ?ﬁ\dci:?e_,yfobactér baumanii,
Baciﬁdge{:%mé‘y OIS tREBHN 68 By riclime B R&88aERr Lgs RN déherichia coll,

eptide AS-48 produced Dby Ent er ococcus fagecal’ls, a
Kleb$iaka preoeionias; ddsfedd ibgodieas tReeoidouniag carnigingSa2 Sépfufrtoccus

30 enterocin CRL35 produced nt er ococcus. f aecium
AU P ROSET | Ao ect SRR BEOCt Ros GA0BYS de ST Rplpooceus
(EntePosdLo0RY Ffe08ls, {9 tb&kﬂicu&f)ﬁ@bﬁ%f&fe@bn@%ﬁidn‘i&r@Téi%al@.ﬁ(ains of

may be 2007/ 138538 PCT/ 1 B2007/ 051982 15 seen from

unidariified fggramepositivie anH erafronpepiiviedeactaisisolated @midacied middle-

~earRSARARR. TREH B1S speRn B b REE Sy ML hugh a variey

of hutih pathogens.

A number of broad-spectrum antibacterial peptides with activity againstv

Gram-negative bacteria have been described, e.g. pentocin 35d produced by

Lactobacillus pentosus, bacteriocin ST151BR produced by Lactobacillus pentosus

- 8T151BR, a bacteriocin produced by Lacfobacillus paracasei subsp. paracasei,

thermophylin produced by Streptococcus termophylus, peptide AS-48 produced by
Enterococcus faecalis, a bacteriocin produced by [Lactococcus lactis KCA2386 and
enterocin CRL35 produced by Enferococcus faecium. However, the activity spectrum of

these peptides are much narrower than that recorded for peptide ST4SA, as may be
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control of bacterial infections, especially mddle-ear
infections (since the peptide is active against a
WO 2009238538 i ety of m ddl e-ear pathogens), as wePCT/EBR007/051982
pat hogens involved in 5 secondary wound i nfections
(the peptide inhibits the growmh of a nunber of these
‘pat hogens). Pat hogens isoI % ed frominfected
m ddl e-ear fluid were Acinetobacter baumanii
Escherichia coli, Klebsiella pneunoni ae, Pseudononas

seen daT e Rpecias EROVB LR Sb rahBu ISP THrHsERd spectrum o

ctivitNicd8BLL i 858 bhicviga 285 GoaRkRegad: PAGREHLA: for the
actiy A %E ihfiy n(%g.o.% > A5G FEARE e dees IF th

terialg and” ods Tsolation of 'strain ST4SA and

controdehbadtedalt infectivas s pepeaaly middieEar nﬁey:ﬂm(smcxe tae peptide is

actvg BuANTER Bids ATy ohiide Fof padiosas serelRt patossfiivoivedin

seco%‘&yﬁb@tﬁrﬁﬂnﬁ@&tﬂa%é\%’gtlﬁg' iﬁh%‘iﬁs the Bjro@P of a number of these
D agnhostics, M drand pl emented with 50 ny/|

pathagenajny Hathggmis isolated )from Glilf§t3 r pidtiesar @uw weﬂ@lﬂfametobacter

vaunf, AR5 o, SRS BBl I Shgincse

StaplAbeIYcES AR, Sta ({yrgﬂ@@vcagbaﬁio@ﬂsfsmt@b@é@% pMeumoniae, anda

bet ween 50 and 3 cfu (colony formng units) and
numbgsof epitentified Srampesitve and &ranvnegatyg idyi ng t hem

with a second | ayer of MRS Agar, supplenmented with

Del vocid(r) (50 ng/l). The plates were incubated at
Matedid(s and Matholder 48 h, in an anaerobic flask (Oxoid,

New Hanpshire, 25 England) in the presence of a Gas

Generation Kit (Oxoid). The col onies were covered

Isolax‘\fér%/ ;ﬂf %ﬁfﬁ %%%%%?@E&éﬁrﬁcéﬁ%ﬁq& .%ﬁegf?és l?}ng n( )1 0 % agar,

suppl enented with 1 m active grow ng ceIIs (ca. 106

cfu/m ) of Lactobacillus casei, Enterococcus
f aecal P9y bﬁa@pﬁma&&&%@eﬁ%mw gaus 1 fhaye been immersed in

steril@Sfidtlbd Qe 13- oS g\%ﬁ r%PI LH?BEBoaﬁmd pIER REP RS Agar (Biolab),

pneunoni ae and St oco cus alireus,
Bmlabd@pgncbstmel Midrahe, Bﬁa,tmwgnenhedwlﬁaﬁadngﬂ NarargydinrDalvocid®,

Gist-RReBP e Vel L2F NRESTRROSLD PISYTL Y e CfpatogBRpiatos were

incubaféd HESEFG Bnd BE-C 981 tvRPAA)s. (Tabl e 4 and was
re-inocul ated into MRS broth (Biolab) followed by re_

streaking to obtain pure cultures. The isolate was
desi 'g'n@o%hk% (R aﬁl;fh%m selected from plates with between 50 and 300

-cfu (colony forming units) and screened for antimicrobial activity by overlaying them with

a second layer of MRS Agar, supplemented with Delvocid® (50 mg/l). The plates were
incubated at 30°C and 37°C for 48 h, in an anaerobic flask (Oxoid, New Hampshire,

| England) in the presence of a Gas G.eneration Kit (Oxoid). The colonies were covered

with a third layer {ca. 10 ml) semi-solid (1.0 % agar, w/v) BHI medium (Merck,
Darmstadt, Germany), supplemented with 1 ml active growing cells (ca. 10° cfu/ml) of
Lactobacillus casei, Enterococcus faecalis, Staphylococcus aureus, Pseudomonas

aeruginosa, Klebsiella pneumoniae, Streptococcus pneumoniae and Staphylococcus

aureus, respectively. The plates were incubated at 37°C for 24 h.
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Antim crobial activity was confirnmed by using the

agar -spot test nmethod. 5 The cell norphol ogy of strain
WETWEA38sS st udi ed by scanning el ectron m cr oBCDBR007/051982

(SEM (see Figure 1). Ten m of an early-exponenti al

phase (OD60unm = 0.2) «culture of strain ST4SA was

harvested by centrifugati or1I and washed five tinmes wth

sterile distilled water @OOxg, 10 rein, 4C). The

pel l et was resuspended i n 500 p| 10 sterile MI1iQ

water (Waters, Ml ipore) and then subjected to

micr osbmp f the colpsies lalsﬂwtﬁfim%{araeﬁtwaé'ea/c%fd}?&wmmevded in

e ta alwgll gL\Q:\arh élnIﬂb‘Jag .—2) %mfblr@ﬁ W c\avl.i-h lnlo(ljahd\hfﬁlln\vcd hy re-

th
L1 AT

c°h§r acteristi’cs. Prgnent formation was teste
strealit'mgpto coiﬁam Bruo¢ hculfuves ckhe Tadatef W&SWEBIQFE}IBMTS&“‘I sB8T4SA.

fernmentati reactjons (Tabl e
Antins QRGial SGERY 1S5 REME TPy uswgéhfa Satrhoh Sshnalffed 1 ot
strips (Bionerieux, Marcy- i'Etiole, France) and

conpared with reactions Ilst ed for enterococci. Table
1 20 Thepemsiimitdaiagy dleiramn Sﬁaﬂiﬁﬂ ivas STuad by scanning electron

nt r + Ethrito ara
micrqsERBY B ol e 04, Bk 78S 0 carvarbdhb by BRtdfo B =02
cultuMebhstrain| B4 SIE Wer) REReSR Ay cohtrifllgation anttwastid five times with
ructose +++ D-mannose ++ L-sorbose Rhammose ++
sterile distilled water (3 000 x g, 10 min, 4°C). The pellet was resuspended in 500 p

sterile Nl-i!iiQ water (Waters, Millipore) and then subjected to microscopy.

Further identification was accomplished by physiclogical {Table 2) and
biochemical characteristics. Pigment formation was tested on Tryptic Soy Broth
(Merck). Test for motility was also done. Sugar fermentation reactions (Table 1) were
recorded by using the API 50 CHL and API 20 Strep test strips (Biomérieux, Marcy-‘

I'Etiole, France) and compared with reactions listed for enterococci.

Table 1
Compound/Derivative E. mundtii ST4SA fermentation
Control
Glycerol - +
Erythritol
D-arabinose
[ -arabinose F+
Ribose FRCR
D-xyiose - ++
L-xylose
Adonitol
Methyl-xyloside
Galactose ++
D-glucose F++
D-fructose S
D-mannose +
L-sorbose -
Rhamnose ++
Dulcitol
Inositol
Manniiol ++
Sorbitol ++
Methyl-D-mannoside _ ++




Dulcito Inositol Mannitol ++ or ito ++ Meth

| - D-mannosi a ++ WD 2007/ 138538 PCT/ | B2007/ 051982 17
W@R007AB3538 ucosi de - Acetyl gl ucosam ne ++ Arn i PCTHIB007051982

+++ Arbutine +++ Escu ine +++ Salicine +++

Cel | obi ose +++ Maltose +++ Lactose +++ Me] se ++

Saccharose +++ Trehal ose +1? Inuline e ez-itose

D-raffi nose Anm don + co erq X litol B Gentiobiose +++

D-tu ranose -1 xose D-tagatose D-fucose L-fucose
Methyl-D-glucoside
Acetyl glucosamine ++
Amvyagdaline +++
Arbutine +++
Esculine +++
Salicine +++
Cellobiose +++
Maitose +++
Lactose +++
- Melibiose ++
Saccharose +++
Trehalose ++
Inuline
Melezitose
D-raffinose
Amidon +
Glycogen
Xylitol
B Gentiobiose +4+
D-turanose
D-lyxose
D-fagatose
D-fucose
L-fucose
D-arabitol
L-arabitol
Gluconate
2 ceto-giuconate
5 ceto-gluconate

Table 2

Characteristic Strain ST4SA

CO;, from glucose -

Growth at 10°C +

Growth at 45°C +

Growth in 6.5% NaCl +

Growth in 18% NaCl -

Growth at pH 4.4 +

Growth at pH 9.6 +

Lactic acid configuration L

Further identification was by DNA banding patterns generated with
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arabitol L-ara ito luconate 2 ceto-gluconate 5
ceto-luconate Table 2 Characteristic Strain ST4SA
w@e7f188588 gl ucose - Gowh at 10C + G owt h atP@dBiB2607/051982
Gowh in 6.5% NaCl + Gowh in 18% NaCl - Gowth at
pH 4.4 + Gowh at pH 9.6 + Lactic acid configuration
L 5 Further identificati oq was by DNA bandi ng
patterns generated with WO 5007/ 138538
PCT/ 1 B2007/ 051982 18 prinmers specific for
Ent erococcus (Figure 2) and Enterococcus nund
pnme(s,:qs@egﬁz‘@c @r Eq(eroggcgg,s qer% k= magmsgmndtn (Figure 3). A
20 hn@Q%Cd - SEHGE Nt [ hrR ugK?:.\nYada& U&&(Ldafiuﬂahgghﬁad as. markar,

Fimers-used'to generaie “the 306 bp fragnent (shown in

andFs gse@tcsgemmam theS0Grbedragraent (showalih i iguoe S pwesxidesigned from

i ons on 168r ID. NO. 1: Forward priner:
smtabM DN@éS FI@IF 2: Reverse priner:

Gmem SesiRpg ﬂ%&fm@@@édcmge@

reveal ed 98% honol ogy wth conserved 16S r DNA

f ragmeRELL.ilR. BéhBamevels® EpesdSAOREECEHET G &1dKT al
activity Antimcrobial activity was expressed as
arbitrary units (AU) per m cell-free

Sequencing of the DNA fragment revealed 98% homology with conserved
16S rDNA fragments in GenBank.

Expression of antimicrobial activily

Antimicrobial activity was expressed as arbitrary units (AU) per mi-cell-free
supernatant. One AU is defined as the reciprocal of the highest dilution showing a clear
zone of growth inhibition and is calculated as follows:

[{ . )

a° x 100, where “a” represents the dilution factor and “b” the last dilution that produces
an inhibition zone of at least 2 mm in d;am_eter. Activity is expressed per ml by

multiplication with 100. Lacfobaciflus casei LHS was used as indicator strain.
Characterization of the antimicrobial substance

Strain ST4SA was cultured in MRS broth (Biolab) for 24 and 48 hat 30°C. -
The cells were harvested (8 000 x g, 4°C, 15 min) and the cell-free supernatants
adjusted to pH 6.0 with 6M NaOH. One ml of each supernatant was treated with
catalase (Boehringer Mannheim) at 0.1 mg/ml (final concentration), Proteinase K
(Roche, Indianopolis, IN, USA), pronase, papain, pepsin and trypsin (Boehringer
Mannheim GmbH, Germany), at 1 mg/mi and 0.1 mg/ml (final concentration),
respectively. After incubation the enzymes were heat-inactivated (3 min at 100°C) and

tested for antimicrobial activity, as described before. The results are listed in Table 3.

Aliquots of peptide ST4SA were exposed to heat treatments of 30°C, 60°C
and 100°C for 10, 30 and 90 min, respectively, and 121°C for 20 min (Table 3). The
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t he highest dilution showi ng a clear
W@ e@ALB8sB hi bi ti on and is cal cul ated as fol | owBCT/EB2067/051982

100, where "a" represents t

the last dilution that produces

at least 2 mMmin diameter.,I
m by nultiplication with
LHS was used as indicator s

ned as the reciprocal of
15 zone of

he dilution factor and "b"
an inhibition zone of
ctivity is expressed per
00. Lactobacillus casei
train. 20 Characterization

of the antim craobi al substance Strain ST4SA

The cells were harvested (8
the cell-free supernatants

cat al ase (Boehringer Mannhe

‘samplag waresienderirg far %fvfﬂmbﬁ@'aqgtlvﬁbra%e%@e@@g'ﬁ- 30C.

000 x g, 4C, 15 nmin) and
adjusted to pH 6.0 with 6M

Table NaOH. One ml of each supernatant was treated with 25

im at 0.1 ng/m (final

concentr at | gRyatm2net el nase

K~ (Roche, Tn@aipr@T4SA

N USA) PEQDgSRs:  Papai m,
(Boehri ngerg_ I m GrbH,
0.1 ng/mm centrat
i ncubat i onﬁf?]tg'n@ﬁ%g{res wer €

ina
1000) and t&SPEW for antinicrobial

described heR@®85€The resuyl

PEPSi N and TTypsin
CGermany), at 1 ng/pm and
ion), respectively. After
heat-i nactivated (3 mn at
activity, as
ts are. listed in Table 3

30 Aliquots ofPhiepti de ST4SA were exposed to heat

treat nents &f030€,060C and

100C for_ 10, 30 antd 90

m n, respectiMebi, and 121
WO 20030, 588988 °eGor HB2MIA7/ O

Cfor 20 min (Table 3). The
51982 19 sanples were then

test e3d @p, apbi°w fof @bingh activity, as described
bef or 39 ghARLA °8 ibF 6BLWENt [Peptide ST4SA Enzypes:
a- anyl a§e|2i1 °QDfo‘?t2%i,[ﬂﬁ’15€ K -| pepsin pronase - pH

2-0-12-10 Boterssits (T4 66— 166 Cfor 10 mn =+
SDS
Tween 20, Tween 80
urea
Trion X-100

Triton X-114

+ + + 4

EDTA:
0.1 mM, 1.0mM, 2.0 mM +

Key: - = no activity; + = activity zones of at least 5mm in diameter

In a separate experiment, samples of peptide ST4SA were adjusted to pH
values ranging from 2-12, incubated at 37°C for 30 min, neutralised to pH 7, and then

tested for antimicrobial activity (Table 3).

Isolation and purification of peptideST4SA

A 24h-old culture of strain ST4SA was inoculated (2%, v/v, ODsoonm = 8.0)
into MRS broth (Biolab). Incubation was at 37°C, without agitation, for 20h. The cells
were harvested (8 000 x g, 10 min, 4°C) and the peptide precipitated from the cell-free
supernatant with 80% saturated ammonium sulphate. The precipitate was resuspended
in one tenth volume 25 mM ammonium acetate (pH 6.5), desalied against distilled water

by using a 1000 Da cut-off dialysis membrane (Spectrum Inc., CA, USA) and loaded on
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30, 60, 100 C for 30 min + 30, 60, 100 C for 90 mn +

121 Cfor 20 mn - Detergents (1% : SDS + Tween 20,
waaeen3ses + urea + Triton X-100 + Triton X- 1RAT/EB2007/051982

EDTA: 0.1 MM 1.0mMM 2.0nM+ 5 Key: - = no

activity; + = activity zones of at least Smmin

dianeter In a separate experi nent, sanples of peptide

ST4SA were adjusted to pH “val ues ranging from 2-12,

incubat ed at 37C for 30 min, neutralised to pH 7, and

hen. 10 tested for _antimcrao ct|V|t Tabl e
o Sert a8 e e M Bty LB TR eSba o 20%

VA frn 4 RAGHlAE LMk Mriccin eluted wi
i) %%GO#&QB%W %g?'?lgn?o ﬁ% %r oth T 'B’\e%(g%) ”al ncubat | Ib}%ﬁ with
40% isasprapaBaldn 2\51 mhbamna:gilnmtaaahatef(pH @.Bh Afieediyéid snder vacuum

(SpedFyacs Baugay Teractngs wte-naaed Bod isdlisy, in 5o Piblgepnate

buffeBapHr @ £d am@oracﬁoéwb&mew&@ef&ﬂ%@l pAhRMBY gel filtration
resuspended in one_tent h vol une nM anmoni um

chroragtegeaphy(ipld Sumrded &4 q@mag&mﬁshmﬁham@@mm&ch) tipked to

an ARTABS e B0 ) G TN DBREAL PR v

with ﬁﬂﬁl\h BRASTh S IR FHEr atfd 0L INPNaCTLSH &5 UPep(idés dere detected at
MIIlipore, MA, USA). The col um was washed with 20%

254 iy end | 288 propeseecivelzs FREtento AP UM the ectivel memide were
t 0 I

collecggﬁI n4{/||hegd nﬁ@ﬁ}érﬁ\?ﬁc&@@? ﬁ!ﬂ lézoqgfi‘éﬁ ?O Cg\f %(?éfrl\ﬁ t}%{éfr%ggﬁé'l% dpérﬁ)rmed by
usingvihe wgar spSpmethddc; Savant), the fractions were pool ed

and di ssolved in 50 nmM phosphate 5 buffer, pH 6.5. The
: active fractions were further separated by gel

chromat ography in a Superdextm 75 col umm

Size %%ngﬁ?%dzg@ﬁﬂ%ar maci a Biotech) linked to an

AKTApurifier (Amersham) (Figure 4). Elution of the

eptide_f I
bept | %trarmogT4giv$gsgl%1\1Nn mi/[RS broth (Biolab) for 20h at 30°C. The cells

- were harvested by centrifugation (8 000 x g, 10 min, 4°C) and peptlde ST4SA

- precipitated from the cell-free supernatants with 80% saturated ammonium sulphate.

The precipitate was resuspended in one tenth volume 25 mM ammonium acetate (pH
6.5), desalted against distilled water by using a 1000 Da cut-off dialysis membrane
(Spectrum Inc., CA, USA) and separated by tricine-SDS-PAGE (Figure 5A). A low
molecular weight marker with sizes ranging from 2.35 to 46 kDa (Amersham
International, UK) was used. The gels were fixed and one half overlaid w.ith L. casei
LHS (10° cfu/mL), embedded in Brain Heart infusion (BHI) agar (Biolab), to determine

the position of the active bacteriocin (Figure 5B).
Cytotoxicity tests on peptide ST4SA

To determine if peptide STASA has cytotoxic properties, triplicate wells of
confluent monolayers of monkey kidney Vero cells were grown in tissue culture plates
for 48 h and then exposed to various concenirations of the antimicrobial peptide. After

48 h of incubation, cell viability was tested by treating the cells with tetrazolium salt MTT
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wi th 50 nM phosphate buffer and 400 mM NaCl, pH 6. 5.
Pepti des were detected at 254 nmand 280 nm
WO e®passsss/el y. . Fractions containing the acti VRCPERR00AES1982

were 10 coll ected, dried under vacuum and stored at

-20C. Activity tests were perforned by using the agar
spot nethod. Size determ naéi on 15 Strain ST4SA was

grown in MRS broth (Biolab) %or 20n at 30C. The cells
wer e harvested by centrifugation (8 000 x g, 10 mn,

4C). and gepti de STASA precipitated fromthe %_el | -free
[3-(4.Sueetuitairzel-&igammadh Sdinhenyldatrazatism Qrﬁ‘ﬂﬁ‘ﬂﬁ]rﬁ igima). Production
of = 6. PLaGIHA tal v FesURPeRded kh QRe LRNLR MOTURR QRcinate
of a FeSELEt (EhasRD (SIEARREIS oS, RRB R MPTHBF sRoinate
dehydrafenbbe dvasateeordad. usi ng a 1000 Da cut-of f dialysis

menbrane 20 (SpectrumiInc., CA USA) and separated by

tricine-SDS-PAGE (Figure 5A). A low nolecul ar weight

mar ker et sy, 2 85tdidaihy 9e &0t e 35 ids 4l as the peptide

(Arersham I nternational, UK) was used. The gels were
concenitatiibrafig/mheenairéd dy eed usiedcall viability hya8@%. Adgqerdingdo the CCso

fu/ - edded in Brain Heart lnfusion (BH) .. r
resuffe e BRI iaB s deoa i el R beiehiEas ze0 0
CCepacteriocin (Figure 5B). 25 Cytotoxicity tests on

50 . . . .

pepti de ST4SA To determne if peptide ST4SA has

cytotoxic properties, triplicate wells of confluent
Flasmshisb&jiens of nonkey ki dney Vero cells were grown in

tissue culture plates 30 for 48 h and then exposed to

various concentrations of the antim crobial peptide.

After A%th DRAWRRIBSERN . PIaShid DNADLAY isilates, dftes WhtbHite DNA
treating the cells with tetrazoliumsalt MIT WD

was Ruter peetss bpCHQ BEDsity omDiw cepirifugation. The DNA was separated
- (4 5-di I hi azal. 2 5 |
o b gt L LBk OB b AR o o

MadisgbadUSR) (Wasrusadaay moledulartwdightmasddrer cl eaving of MIT

by succinate dehydrogenase was recorded. 5 The 50%
cytotoxicity level (CC50) was defined as the peptide

ceatyation (pg/m) required to reduce cell
Plas@?@agfﬁrf}?g{y by 50% According to the CC50 results

(cytotoxicity level), no cytotoxicity was recorded,
¢ . . . ; _
i 2 g|t alt isq)lﬁtln%eefpe&h};gr?tsr\]n?esreZc%%guét%%j. Ceiisoof E}ng rﬂugg{p ST4SA were

incubated in the presence of novobiocin (1-25 ug ml™") for 72 h at 37°C. The culture

which grew at the highest concentration of novobiocin was serially diluted with sterile
saline and plated out onto MRS agar plates. After overnight incubation at 37°C, the

colonies were replica-plated and the original plates overlaid with cells of Enferococcus

'faecalis LMG 13566. After a further 16 h of incubation at 37°C, the colonies were

checked for loss of antimicrobial activity.
Conjugative transfer experiments

- Filter mating experiments were done. An overnight grown culture
(0.25 ml) of Ent. mundtii STASA and Ent. faecalis FA2-2 were added to 4.5 ml MRS,
mixed and filtered through a 0.45 pm pore-size sterile membrane filter (HAWP,

Miliipore). The membrane was placed onto a MRS agar plate and incubated overnight
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Total DNA was isolated. Plasm d DNA was isol at ed,
after which the DNA was further purified by CsC
wa@l2003i188838)r adi ent centrifugati on. The DNA was BEPEB2807$1982

on an agarose gel (Figure 6). Lanbda DNA digested with
EcoRl and Hind Il (Promega, 15 Madison, USA) was
used as nol ecul ar wei ght mirzker Plasm d curing Curing
experiments were conducted““Cells of Ent. nundtii
ST4SA were 20 incubated in the presence of novobi oci n
(1 - 25 pg mrl) for 72 h at 37C. The culture

at 375 chaselie w@@@d feam éfé%flli%rtmf@n'l :af Mﬁ?&; SETiaty wm@and plated

oo S A AL TLEE B E  ra 200

AU r’r¢76rudbhﬁptl@@|3m4$‘5 Whe expelﬁxinenawai; aé;miatam dnthIEm‘ faecahs OGX1
or i gi nal | ates overlaid.with cells of Enterococcus

as FePﬁ’éQ!’&l i b thisscesegbe seledtionawas dane: on elatest Comaiing it ond ml’”

strepﬁ)%fb?rp’anhhfo lQinks é’?ﬁ&%cpe%ﬁdgr@fe@ﬂ f@&lfolnf\’e%sw%f‘e selected at
I'm crobral activit njugative transfer

randc&mm‘rd chatied-fort pnrodlmatla)nng)fq:qmidenﬁﬂid@Av\am@ stozanedAfor plasmid

corte B i A B S o b L e e RS i i

contafiE psﬂgﬁ%ég&lﬂ‘ukéd §ﬁ@ﬂ1é &Il%@i‘s%&né‘én@%@%ﬁﬁ;e%&é@to activity

sterile nenbrane filter I'1 pore).
testsmﬂewé)eda}efplreaced onto a I\/RS agar pl at e and

i ncubat ed overni ght WO 2007/ 138538 PCT/ 1 B2007/ 051982

22 at 37C. The cells were washed fromthe filter into
DetedtidH ofRe.geptib @'IéMeﬁﬂs'éﬂc@d:r@&fémﬁd@th ahbWbAX| Es%q@:@ﬂbmg

patest+UntAII IfLj G 1'g | Il 1UJQuuU a. 2V

j..igrl 11 haltlplcll1l 4l Lf|WAU m-1 crude

Pt %S S A N RS M s
genesghegpdran gens and Fﬁmrrmn:tglgahe$!|sl@cm below) by PCRygvere désighed based

streptomyci n and 2000 ' ude. peptide STé A. )
on PagkbRPEYLI pgéh%adeaora@th%mml%rﬁa'a&rR@@kléan gquencing was

perfo%@?%t!w'a‘?fh@f ™M QgDm lia cﬂ@%@ L:8hciR @%%EH Reaction

con escri be ny o conj tgat e
kit onceRBEPEMEN 877 MBequ@@ét(Rﬁlkﬁphed@mwstmﬁ p&TeBityddSA). A

oatafifeisterh F3S Rty e PEBLABIR ol B8R Sk or e
NatioPhl EBRiI 98BIt ﬁf&mehmmptséiﬁes%%% SNBIRNOSA.

sequenci ng. Total was | solated. The pr| ners
used to anplify the structural

Structural gene Primers:
SEQ. ID. NO. 3: SG-a: TGAGAGAAGGTTTAAGTTTTGAAGAA (forward)

SEQ. ID. NO. 4: SG-b: TCCACTGAAATCCATGAATGA (reverse)

ABC transporter primers:
SEQ. ID. NO. 5: ABC1-a: TGATGGATTTCAGTGGAAGT (forward)
SEQ. ID. NO. 6: ABC1-b: ATCTCTTCTCCGTTTAATCG (reverse)

SEQ. ID. NO. 7: ABC2-a: GTCATTGTTGTGGGGATTAT (forward}
SEQ. ID. NO. 8: ABC2-b: TCTAGATACGTATCAAGTCC (reverse)

Immunity primers:
SEQ. ID. NO. 9: Immun-a: TTCCTGATGAACAAGAACTC (forward)
SEQ. ID. NO. 10: Immun-b: GTCCCCACAACCAATAACTA (reverse)
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gene, transporter gene and imunity gene (listed
bel ow) by PCR, were designed based 15 on parti al
WG eipaassses publ i shed for other antim crobial pe@I/iBee7/051982

Sequencing was perfornmed with an ABI PrismiM Bi gDyeTM

Term nat or Cycl e Sequenci ng Ready Reaction kit on a

ABI PrisniM 377 DNA Sequenégr (PE Applied Biosystem

Foster City, USA). A databdse search was perforned by

usi ng the BLASTN and BLASTX prograns of t he Nati onal

er for Biotechnol ogy |nformation ))f
Prodmozf@ég@ptr%ﬁﬁsé\on gffre\ﬁ@fmrawff@@ﬁgfaﬁn%frdg eI mfﬁbgrowth pH
‘af"wgo 3: SG a: TGAGAGAAGGTTTAAGITTTGAAGAA (forwar d)
Q ID. NO 4: SGb: TCCACTGAAATCCATGAATCA (reverse)
25 ABC transporter prirrers SEQ ID. NO 5: ABC 1-a:

b AROTE Fr A RORTT SOUSAERS nsBujatse(Z Ko Ve into MRS
broth’A@pr?blgh gﬂ@ﬁfﬁ?@‘éfﬁr @@ﬁ Sé%étéetf Wr%n%’ redgctivély. Meubation
'mmuni ty

TCTAGATA CC (revers

was g1r30mer and SEQC, ré3peivel9; witmmn:tragaatldfr COTERRGAEDAYIESAETE taken

every s S IREIRRY Archas e et (OBt feosmy 7shangssen culture pH,
and agﬁﬁp&:r%%@z&t@ﬁ’&?ﬁglmg%ggfr%@!ﬂcéés%ﬂﬂé PR AP spoftedt imBthod was

erent gromh ne and at different initial growh
used @il desatibed baforé8 h-old culture of strain ST4SA was
inoculated (2 % vlv) into MRS 5 broth, BH broth and
ML7 broth (Merck, Darnstadt, Germany), respectively.

| ncubatj g8epifate éi(pé’lﬂn&wtafﬂ% e?f?ecﬁfof miﬂélnﬁédllmﬁélﬁl on the productlon
wi t hout agitation, es were taken ever

of pepimle SaﬂaAw@aﬂet@ﬂnm@d N@&ur@% af3 r@} BWMRS l@]pﬂawee@@ﬂmsted to pH

4.5, B Qﬁﬁﬂt? 0 aa&ﬁév’é&ﬁegﬁ_\'fe by @\ﬂ@ @an eela&; 6?9'3@%1 @féedsc{’fh@‘\ ahutociaved '

(Figuve9A) usednh ﬁl%sidw lhbematw‘ witle 2 %Qvlvm of aae@i-alcculture of strain
experinment, the effect of initial nediumpH on the

ST4G4 gag@]q%}ﬁfed at 30 °C for 20 h without agitation. Changes in culture pH and

production of peptide ST4SA, expressed as AU/ml, were determined every hour as

described hereinbefore. Ali experiments were done in tripiicaté.
Effect of medium composition on the production of peptide ST4SA

Strain ST4SA was grown in 10 ml MRS broth for 18 h at 30 °C, the cells
harvested by centrifugation (8000 x g, 10 min, 4 °C), and the pellet resuspended in
10 ml sterile peptone water. Four ml of this cell suspension was used to inoculate
200 ml of the following media: (a) MRS broth (De Man, Rogosa and Sharpe), without
organic nutrients, supplemented with tryptone (20.0 g/l), meat exiract (20.0 g/l}, yeast
extract (20.0 g/l), tryptone (12.5 g/l) plus meat extract (7.5 g/l), tryptone (12.5 g/l) plus
yeast extract (7.5 g/l), meat extract (10.0 g/l) plus yeast extract (10.0 g/l), or a
combination of tryptone (10.0 g/l), meat extract (5.0 g/f) and yeast extract (5.0 g/l),
respectively; (b) MRS broth (Biolab), i.e. with 20.0 g/l glucose; (c) MRS broth (De Man,
Rogosa and Sharpe) without glucose, supplemented with 20.0 g/l fructose, sucrose,

factose, mannose, and maltose, respectively; (d) MRS broth with 0.1 —40.0 g/l fructose



10

15

20

25

30

of peptide ST4SA was determ ned. Vol unmes of 300 m MRS
broth were adjusted to pH 4.5, 5.0, 5.5, 6.0 and 6.5,

WO e®passsss/ely, with 6 M HCI or 6 M NaCOH and t he@I/1B2007/051982
autocl aved (Figure 9A). Each flask was inocul ated
with 2 % (v/v) of an 18 h-old culture of strain 15
ST4SA and i ncubated at 30 for 20 h w thout
agitation. Changes in cult@re pH and production of
pepti de ST4SA, expressed as AU nm, were determ ned
everg@hour as described_her ei nbef ore. erimen

as solgerasDeidRRUNCH; (e) Mite bratk (D EM%tRQﬂOSﬁ‘@didﬁﬁaéBﬁjz & 1thn50.0 g/

upef) 4nenpr eductd en_oh rSd 4941 1Abh AR RASTASAY Sharne)
"2‘"Dwé grgvvn i'n 20 hf W?E} ﬁﬂ'f‘éﬁ"i‘g ‘?%t"'%é’ 'C‘B“’f'ﬁéel“ﬁd Sharpe;

suppleridnted hwittv 8st &, {b)gllcglqtenoﬂ ugat a mep@ﬁﬁ@Oexpegi}nam e vitamins

cyandgsbelaansigna. Fokpuim WD, Lrconeracl G il Lo, Pooke

UK), M%,‘;HQBQSPH& bale 8-tﬁ%@t1@hcﬁf(s¥d?ﬁaféﬂd VARG Kﬁﬁ(qi'll.ﬂ(a ¢Remie AG,

Rogosa and “Shar pe), w thout
CH-247 ¢ Buicbs rﬁmtzearland) wstmfmemmrthsdd wnd addeq it MRS t(erb! a 1.0 mg/ml

(final g*,ﬁ]g:ent{@%})eﬁ@c:t( longgi f Ig%sg’%éw%sggf EQ})&e ?‘cgcf(f b @%:%a%i evels of

peptidd SF4EIE wete d@téile)ed)bél%ieSMﬁ@éd b&rdré ash. e&?erﬁﬂ@ht%)were done in

nmeat extract (10. pl us yeast extract (10.0
triplicate.a  conbi natl on of trypt one (10.0 g/l), neat ext ract
(5.0 g/l) and yeast extract (5.0 gll), respectively;
(b) MRS broth (Biolab), i.e. with 20.0 g/l glucose;
(c) MRStk @SW4S@®Vé‘ﬁﬂen%d3@Q@§@alawth%’g%rﬁ@)!:_merbb@wus based

gl ucose, pl enmented with 20.0 g/l fructose, sucro

on Mook, aﬁﬁﬁﬂ‘d@@ Figyee franenseotiive spsensa el Bigmens fcmgtlon and

o G el BB 8 B PSR E3REHig poe o

Furthbf Qtdmtlfléﬁld\rhtm s;ﬁ@wav@lmbssmaw@ar fetrmbniation paierr® ag shown in
jprl 2. '550 Ki aTl and 'f% I\A‘R%broth De I\/an
Tablaa&)@m @w&l@wﬂ@hataqtewcgra%hqw iy Table 21309y%.
i v1goC ) supplenented with O - 50.0 gl glycerol _
In a separate experinent, the vitam ns cyanocobal am n
( Si gma Pefttide LOTASA wWds. | hacﬁvaed dybireatawind witBOptoteolytic enzymes

(Proteyiage & PePsts PEOTRRed bR g tRPY 1 BiATd (e gfer 20 min at

CHi94abiBychR &éﬁérhamh AMBUE after treatment for 90
1217 ?h?ggﬁngt@esﬁ I |Ised and ad%lpay%lo MRS broth at al(.erorealmn?n or

min gtfi088C arsheben treatashyvith Mwagpe?(, ohweerr 88 tregeEDT. A/\ﬁ@d dtiton X-

o0 . e P R LA
12.0 i3,

Peptide ST4SA inhibited a large number of Gram-positive and Gram-

negative bacteria as shown in Table 4.
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15

triplicate.

worerophsdsagyy, as shown in Fi
absence of pignent formati

gure 1,
on, and

based
non- not i | i t RCT/IB2007/051982

10. Strain ST4ASA was identified as a
strain of the genus Enterococcus,

on

PCR wi th

genus-specific primers (Figure 2) and species-specific

prinmers (Figure 3).

| evel was by sugar fernent

.15 Tabl e 1 and physi ol ogi cal

in Tabl e 2 above.

Furt hg{s
|

identification to species
on patterns as shown in
characteristics as shown
Pepti de ST4SA was inactivated by
Table 4reat ment with proteol ytic enzynes

(Pr ot ei nase K,

Pcpbl M, P 0PRSS Rerm PaPa M antr{ LY BE] ) wedidh tillbafort L Peghte activity
AcinetBbacky badhddh 'AB% 12+ € —as can be;AeEm idoplabl € B The +
BacilReRlldevE gamioned active after tregtmgntadiéic 90 20 min +
Clostridlum¥Bbatansn Waen ss7eat ed wi th Twemy) ROV, shaeeric 80 +
Enterdbb&ér,cidaBieds and Triton X- 100 (Tabt7e Byl. No activity +
Enteromagoub Gastaliaf MEr13666c EDAEBO RSt pH V&l |udBSraempicng from +
FA2,22.0 to 12.0 (Table 3). Peptide ST4SA inhibited a
Escheriglyayeoll Rrrber of G am posi tj ve and? C 25 negat ive N
Klebsigyg, t’f"éin?oa’a%" Jon _Tabl e 4. 30 7/ 1385 *
Lactols ‘3{%%5 925 Tabje 4 O )
Lactohagi us arrcu -
Lacto% e,L %on Pepti de| acti vi 7y gEﬁOE;@ct er )
Lacto HMWat 5 ﬂﬂ $H, aeropic + | L!fna@r%ﬁ@us LM - -
Lactobkem®FedkniBi LM@eisebi ¢ + d ostri diul nmksrahb@bw cum LMG -
LactobbEﬁL?s]he\B)@ﬁdEQMJ!GaIBB&H obi ¢ + | Ent er odidctRECAraa@cBie 26 | 37 -
LactofBicWustplariEnte LIGOGEEs f aecal | s LMG 3735883, daddrobie80, E9 -
LactolBillfRByted MG BT7+ FA2, 20, 21 Es&h eMRﬁmnaerebwl [a 37 -
Lactolpiellusisak(LMEs136F% pneunoni ap KP31 ¥7 BRfP. apaerobic +
Leucou%%ﬁ%ﬁewﬂowgs a@ﬁ@&morfﬁém L MG 135 '?31\7?2 eroBfaer obi ¢ -
g:g‘fggo’c gﬁ% %gzgggg ari cus LMG 13 N)éé% ,;anaer obi c "
Prop. aci ?Stfg aéﬁ@ MG 13552 3 §§rr§ i bi ¢ - -
Propionibactenium sp. LMG 13574 32 GYP, anaerobic +
Pseudomonas aeruginosa 1, 7 37| BHI, aerobic +
Staphylococcus aureus 6, 13, 33-38 371 BHI +
Staphyfococcus carnosus LMG 13567 37| BHI, aerobic +
Streptococcus caprinus TS1, TS2 37| BHI, aerobic +
Streptococcus pneumoniae 3, 4, 27, 29 37| BHI, aerobic +
Streptococeus thermophilus LMG 13565 42| MRS, anaerghic -

Peptide ST4SA was purified by gel filtration shown in Figure 4 and is in

when tested on Vero cells as described hereinbefore.

Strain ST4SA has two plasmids as shown in Figure 8A. Curing the strain-

the range of 3400 Da, as seen from Figures 4 and 5. The peptide had no cytotoxicity

of these plasmids did not result in loss of antimicrobial activity. Probing of the

chromosome and plasmid DNA with a DNA fragment encoding the structural gene

showed clear hybridization with the chromosome (genome) (Figure 6B). This proved

that the structural gene encoding peptider ST4SA is located on the genome.

Furthermore, conjugation of these plasmids to £. faecalis (not shown) did not convert

the strain to a peptide ST4SA producer, confirming that the genes encoding peptide

ST4 production are located on the genome of strain ST4SA.
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Lact obacil l us curvatus LM5 13553 30 MRS, anaerobic -
Lact obaci |l us fermentum LMG 13554 37 MRS, anaerobic -
wo awrobsass | | us hel veticus LMG 13555 42 MRS, ane&r/tBra7/051982
Lact obaci |  us pl antarum LMG 13556 37 MRS, anaerobic -
Lactobacillus reuteri LMG 13557 37 MRS, anaerobic -
Lact obaci | | us sakei LMG 13558 30 MRS, anaerobic +
Leuconost oc mesent er oi des bsp. crenoris LM 30 MRS,
anaerobic - Listeria innocua LMG 13568 30 BHI, aerobic
+ Pedi ococcus pentosaceus LMG 13560 30 MRS, _anaer obic
- PropThaspavenesppinanife BgStas inticednd, 9wisderhine sequence
et LRI ORI Ll WRSPin LVE 13544 432 YP.. aNaehfbi G ohiinn  The
isting B8R [SMABRNLES URAPD B 33008 (2 dfoedBP A iiehtion. The
sequ%ﬁ@ﬁﬁ/i}mr@ulaadsimﬁnunlt@,pémides aB3d irdidixed as SEQ. ID. NOs 14
t aphyl ococcus canpbsus L 13567 37 BHI, aerobic +
and 1&, F%?RQ%'M@'(YU@%'&%PPFR%%%%W?W OBHI , aerobic +
Streptococcus pneunoni ae. 3, 4, 27, 29 37 BH, aerobic
+ Streptococcus thernophilus LM 13565 42 MRS,
anaer offihe DIfApendenG@Riaghawstsuqiunal, fisgdpoyergaid immunity genes are

.. filtration_sh in Figure.4 and,is.in 5 th an f
indicaigdin bigure g a0ddhe pravriteditine A iademiag el e Mda 11, 10
and T réyPQENC fdrithe WaRSHSE8 Tf edls @petiitatioe! | s as _

descri bed herei nbefore. Strain ST4SA has two pl asm ds

as shown in Figure 6A. Curing the strain of these

I ' id t ohDalr0SS ;: i ial .
Dt ivi BB, PER, & TAoh BBkl drBuf] AR is jpdicated in
FigurbbldAnaidioB. DING ihfl@giaendf isitiglagfonth pRerspepticiel B4ASA@neduction is
~ showed, cl ear r|1:ybr| di zation wth the chronosone . ,
indicaigeio frigure B iremaRgse rsuls it is gyient Mt PeRid Bl 48 AP gptimally
prod l%gér?:ﬁﬂ?\ﬁ'ﬁg‘yr% ﬂ%ﬂtigiﬂ?ll pg-;f]_ éﬁo{@g;ﬁgﬁ,ﬁrﬁpisggg{%egw‘?ﬁ@presence

ernore, conj uga asm

- of 10f-a20 gl K HA®L, 1$IHR0)0 gl fluctose carmin éng praseacs of sitamtns @, B4 and

pepti de ST4SA producer, confirm ng that the genes
DL'BécéTﬁ"ﬂ)%‘?tha%pti de 15 ST4 production are located on the

genone of strain ST4SA. WO 2007/ 138538

PCT/ 1 B2007/ 051982 26 The sequence of peptide ST4SA is

i ndi catRraductidsi guir peptiden BT4®A sisqirstieaied in Figure 10. Maximal

production was recorded after 14 h of growth.

A DNA fragment containing an adhesion/immunity gene is indicated in

Figure 11, and is indexed as SEQ. ID. NO. 15 for the purposes of this specification.

Enterococcus mundtii STASA produces a broad-spectrum antimicrobial
peptide (peptide ST4SA) with activity against a number of pathogens. The structural
gene encoding the leader peptide and propeptide (bollectivei_y known as the prepeptide)
is located on the genome of strain ST4SA (see Figure 6B). Only one such gene
structure was detected, suggesting that only one peptide is responsible for the broad
spectrum of antimicrobial activity. Efforts were made to cure strain ST4SA from its
50 kb and 100 kb plasmids (Figure 1), but they failed. This suggests that the plasmid
may play a major role in rendering immunity to peptide STASA, or harbours genes

important in key metabolic reactions.
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listing and is indexed as SEQ ID. NO 12 for the
pur poses of this invention The sequence of the
W@ e@napssss er and i mmunity peptides are i ndexedP@RIEBY/051982

ID. NOs 14 and 16, respectively, for the purposes of

this invention. 5 The DNA sequences of the structural,

transporter and inmunity ga es are indicated in

Figure 8 and the sequence l4'sting, and are indexed as

SEQ ID. NOs 11, 13 and 15, respectively, for the

pur poses of this specification. 10 Production of .

pept i dEugirasavidgnge tthalr ehtSHrisR RlraBapfaEterospecysBaNdti was
niaih L ELOQULES OA and 8. e d.0 ] wence ofs d-Akbinal gL AWML nad
OBy Bh S ?aséﬁé‘f‘erA"'ﬁr(B‘d‘gEtéi‘%" T’@é]'"i'ﬁ %‘E:"éi’ éd im’ Tg"u?‘é"’g”"“
from Odnsdrvedrédieseona®d tBNA iusings evi dent that peptide

s£Q,Th Nou T ol AAGCARGOCAA Chal at od by the

SEQ.}BD‘?WP?? Relek@ pgr'rgQr: HACKIERRRGTETETAS.0 9/

ructose, or in e presence of vitamns C, B~ and 15
DL-6,8-thioctic acid. Production of peptide ST4SA is

i ndi ca in Figure 10. xi mal ..producti.on.was .

Focor aBatytase A4 fagriopt Gie AruEEARRG REIER. Sequencing
of thé wmarrali;%rwea@éwgewhcmayytwm eo@sdried NEBCENA figyments in

Figure I1, and is indexed as SEQ ID. NO 15 for the
Gen&ﬂf&poses of this specification. Enterococcus mundfii

ST4SA produces a broad-spectrum anti m crobi al peptide

(peptide ST4SA) with activity against a nunber of

pat hogame. stilgusd geptUeatodiag tiye peomsptidei 8P48AR thedrkarsporter

pepti de and propeptide (collectively known as the X )
genep pagdpeiime)unityganschaeDnn seruEREAnNdiNedpapertve amno acid

sequéé?{sc rci;eug%iésﬁgg@m R IDN R R8It Mire %{) ructure was

I
gesting that 'only one peptide is
responsi bl e for the broad spectrum of anti m crobial

activity. Efforts. wer, 0 cure rain STA4SA fro
e BT PR E A duSpRrass IR dsthed fter, was

- | - - o s - a
estel BTN HIURR) Wt 0 30 T ighor). T
peptilarbowinedystable at RS0 tontd2 dayegndiderihoee weckactidohs . Stability

WD 2007/ 138538 PCT, 07/ 0519 Furt her i c
decrqiaes SHArca s Wapkott &( 1F-of SBIPBr SEASA 0 HAYRSH I8 Rowever
remaPEBHEIEGoPB FRPENS St 6661 fenfpdTeRiré RREYTET FeptiabaTUSA will be

reaction) with prinmers designed from conserved .
prodycasl theowdern BoT angh maykaigd as such. Once dissolved in sterile distilled

water, peptide ST4SA may be kept for three weeks at 4°C (see Figure 12).

The activity of peptide ST4SA on paper disks is listed in Table 5.

Comparison of activity with antibiotics is listed in Table 6. Activity was tested against a

Pseudomonas sp. isolated from infected middie-ear fluid. Images of the inhibition

zones are shown in Figure 13.
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SEQ ID. NO 16: Forward primer: AACGAGCGCAACCC, 5

SEQ ID. NO 17 Reverse priner: GACGEECGGIGIGTAC. A
w@®7h3eses pai r fragment was anplified (shown i PCHIRPO7051982

3). Sequencing of the DNA fragnment yielded 98%

honol ogy with conserved 16S rDNA fragnments in GCen

Bank. 10 The structural gegg (encodi ng the propeptide

ST4SA), the transporter géHes and the immunity gene

have been sequenced and their respective am no acid

sequences transl ated fromthe DNA sequences (Figure

Tableg.. Activityref papiide|$ t14SHPNMaper dsksT4SA, suspended i n

+

stetrtte—-distitHted-water—was urﬁ‘ E%Tﬂl AURIPER atur es
rangi ng from-20C to 60C over EL:’EE—EHVT%EFQUTFHZ). The

Freezefleipd {Al€mbemai ned stable at -20C 4@36032 days and for
three weeks C. Stability de ed after one week

Papergl’fg(gf@.x 2%é’b{?}{%l8ﬁST4SA in powder ?%ér%ranadi d, however,

Paper disR{0%6 sincadibmeted) 6 nonths at roa@@eé®nperature (250C) .

: and
mar ket ed as such. Once dissolved in sterile distilled
wat er, peptide ST4SA nay be kept for three weeks at 4C

| igure 12). Th i vi i d o
Tabla 2 e B e e RERL LA 20 artbiot

aCtTVIty Wt antT b glhfe¥ed of ihhilth JdheshS ©-
Acntibioyicwas tested agal nst a 25 Pseudononas sp.
isolated frominfected mddl e-ear fluid. |Inmages of the

Hhbito zones—are showr i Egure 137 30WO
20077C44E9848CT/ | B2007/ 051982 Table 5. Activity of

BaéitmizthdenﬂiﬂSA on paper disks. Péptide ST4SA (AU rnl)

Freeze. drij.ed (AU m ) 409600 Pap disk (2 cmx 2 cm
Ch.or?ﬁ'(?%ﬁpﬁcogg’@'fgg Paper disk (0. 6§§m di aneter) 20263
Erythi@byein @1 5pgpnpar i son of the aciNowong of peptide ST4SA
Tet to,co nly used antibiotics. Bganeter of inhibition
etracysling Anti bi otic
Peptide ST4SA 25

Binding of peptide ST4SA to target cells is importan{ to ensure penetration
of the peptide. The ability of peptide ST4SA to adhere to pathogens was studied and
the results were expressed as a percentage binding to the pathogens (Table 7).
Concluded from these resulis, at least 75% of peptide ST4SA binds to the pathogens
tested. Adhesion of peptide ST4SA to the target cell leads fo penetration and disruption

of the cell membrane (Figure 14).

Table 7. Adhesion of peptide ST4SA to pathogens.

% Binding of peptide ST4SA to the target cell (pathogen)

Peptide STASA at 6 400 AU/mI Peptide ST45A at 204 300 AU/mi
Pathogen 0 50 75 88 94 100 0 50 75 88 94 100

Streptococcus pneumoniae : :

27 + +

29 ‘ + -

D + +
Streptococcus pyogenes

20 + +

21 + o+
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Ampicillin (10,ug) 24 Bacitracin (10 units) 10
Chl or anpheni col (30pg) 28 Erythronycin (15pg) No zone
waeaorasssed i ne (30pg) 35 Peptide ST4SA 25 5 Bi PCii/IBpO@H051982
pepti de ST4SA to target cells is inportant to ensure
penetration of the peptide. The ability of peptide
ST4SA to adhere to pat hogegg was studied and the
results were expressed as percentage binding to the
pat hogens (Table 7). Concluded fromthese results, at
| east 75% of peptide ST4SA binds to, the pathogens 10
Pseudqrppupeyringdigitasi on of pepti de ST4SA tc{ the target cell
| eads £ 0 penetratjon and disruption| of the cell.
menbrane (Figure 14). Table 7. Adhesion of peptide
ST4SA to pat hogens. % Bi ndi ng of peptide ST4SA to the
Klebsi¢lapgmimogie¢ | ( pat hogen) Peptide ST43A at 6 400 AU
Peptide ST4SA at 204 800 AU N  Pathogen 0 50 75 88 94
100 0 B0 75 88 94 100° Strept ococcus pneunoni ae 27 + +

.29 + + D+ + Streptococcus pyogenes 20 + + 21 + +
Middigeapiseiatesss38 PCT/ | B2007/ 051982 29 Pseudononas
auringinosa E + + Klebsiella pneunoni ae 30 + +
(urkng¥yidl e ear i sol ates |
13 + +
.17 + +
25 | + ' *
40 + +
- BW + +
CW + +
DW
F + +
HwW + +
| + +
J + +
- GW + : +
K * +
L + +
M + +

Further evidence of cell membrane damage and Ieékage of celiular
constituents was obtained by testing for extracellular DNA and extracellular -
galactosidase activity. The results are shown in Tables 8 and g, respectively. The
results indicate that DNA and B-galactosidase leaked from cells damaged by peptide

ST4SA. B-galactosidase Ieakagerwas not recorded for all pathogens, due to the fact



(unknown) 13 + + 17 + + 25 + + 40 + + BW+ + CW
++ DWF++ HN+ + + + ++ OGN+ + K+ + L + +
WOL7A38538 Furt her evi dence of cell nenbrane daPGlyEB280md51982
| eakage of cellular constituents was obtained by
testing for extracellular DNA and extracellul ar 3-
gal act osi dase activity. Thl‘e3 results are shown in
Tables 8 and 9, respective )9 The results indicate
that DNA and (3-gal actosi dase | eaked fromcells
amaged by peptide 10 ST4SA. 3-gal act osi dase | eakage
that r\%é‘“ﬁ@ﬁfc'ﬁéé@r\’ééﬁgh W‘"GQP“UI%%'?HS@&H ISRIEYES t he fact WO
2007/ 138538 PCT/1B2007/ 051982 30 that not all species
have high intracellular levels of this enzyne. Table
Table88. ExtmaackhuibuDNA BNbrdeicalitatdrbadimeat of pathbgens wih peptide
ST49at hogens with peptide ST4SA. 5 Pat hogen DNA-| eakage
O D. readings at 260 nm Streptococcus pneunoni ae 27

1. 6 Bhthogen DNA-leakage (0O.D. readings at 260 nm)

Streptococcus pneumoniae

27 1.670
29 - : - 1.182
D 1.160

Streptococcus pyogenes

20 0.930

Pseudomonas auringinosa

E 0.187

Staphylococcus aureus

36 0.892

Klebsiella pneumoniae

30 1.01

Middle ear isolates

(unknown) _
40 0.801
BW 1.186
DwW 1.153
F 1.428
HW 1.559
GW 0.751
K 0.455
L 0.592
M 0.326

Control

Enterococcus spp. HKLHS 1.395




29 1.182 D 1.160 Streptococcus pyogenes 20 0.930
Pseudononas auri ngi nosa E 0.187 Staphyl ococcus aureus
w@200018328 Kl ebsi el | a pneunoniae 30 1. 01 M ddPET/EB2007/051982

i sol ates (unknown) 40 0..801 BwW1.186 DW1.153 F
1.428 HW1.559 GWO0.751 K 0.455 L 0.592 MO. 326
Control Enterococcus spp. HKLHS 1.395 WO 2007/ 138538
PCT/ | B2007/ 051982 31 TabPd 9 p- gai act osi dase
recorded at 0D420 Pathogen Streptococcus pneunoni ae

27 No | eakage 29 No | eakage
Table 9

Pathogen B-gaiactosidase recordaed at ODaz

Streptococcus pneumoniae

27 No leakage
29 No leakage
D No leakage

Streptococcus pyogenés
20 No leakage
Staphylococcus aureus
36 No leakage

Klebsiella pneumoniae

30 ’ No leakage




D No | eakage Streptococcus pyogenes 20 No | eakage

St aphyl ococcus aureus 36 No | eakage Klebsiella
weowansssdse 30 No | eakage WD 2007/ 138538 PCT/IB2007/051982

PCT/ 1 B2007/ 051982 32 M ddle ear isolates (unknown)

40 BWO0.370 DWO0.293 F 0.318 HWO0.235 GWO0.373 K

No | eakage L No | eakage No | eakage Control

Ent erococcus spp. HKLHS No“Feakage Cell |ysis of

di fferent pathogens after treatnment with peptide ST4SA

are shown in Figures 15 to 23 A 0.2% (v/Vv)--inocyl um

of an overni ght pathggen was 5 inoculated into BH

broth. Peptide ST4SA was added to each pathogen at| nmd
Middex@mmienlates (phkaewnlfriom the results presented heregin

(Figures 15 to 23), ijt is clear that peptide ST4SA

act in a bactericidal manner agai nst nobst pathogens.
Production of peptide ST4SA was studied in the
pr ce of Listeria| 10 innocua @H-gure 24). Based on

these results, L. innocua stinulatéed strain ST4SAito
pr e peptide ST4SA, during whi %h?é!}? i nnocua was
A

in ted. Enterococcus mundtii S as a probiotiic
1o 0.318
HW 0.235
GW 0.373
K No leakage
L No leakage
M No leakage
Control
Enterococcus spp. HKLHS No leakage

Cell lysis of different pathogens after treatment with peptide ST4SA are
shown in Figures 15 to 23. A 0.2% (v/v) inoculum of an overnight pathbgen was
inoculated into BHI broth. Peptide ST4SA wés added to each pa{hogen at mid-
exponential phase. From the results presented herein (Figures 15 to 23), it is clear that

peptide ST4SA acted in a bactericidal manner against most pathogens.

Production of peptide ST4SA was studied in the presence of Listeria
innocua (Figure 24). Based on these results, L. innocua stimulated strain ST4SA to

" produce peptide ST4SA, during which L. innocua was inhibited.

Enterococcus mundtii ST4SA as a probiotic
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WO 2007/ 138538 PCT/ |1 B2007/ 051982 33 The survival of
Ent erococcus nundtii ST4SA was evaluated in a
wW@opsssss zed gastro-intestinal nodel (@M shR@ERIB2007/051982
Fig 25). The first vessel in the GMsinulates the
stonmach, the second vessel the 5 duodenum vessel
nunber three the jejunum a ileum and vessel four
the colon. Flow of the nuttl ents was regul ated by
dedi cated software. The pHin the different sections
of the_ G Mwas regul ated by the peristaltic addition .
of st erlinBe suriyalicpf &ntaroRoCasoIudit nS §ded yaswgyaluated in a
camdid b L L0, A gl W siengh g Ve 0H Rrabesy i nked to a
compitd Rl dhdth Pl IncRBIEEIM Kholid BEA8s)! (DK 10 2 6
through the G M was adjusted according to an 10

hort dngdlifirssenaché Ribisiahiti blodeth, M iol vesselthe
duodEthgl_t, NRksOM@RBel fhise 'tﬁ@#eﬁ@ﬁﬁ'ﬁ Sd fSEmO8hE \k@ﬁelAil\mlcour the colon.

probiotic. Four infant ornmul as (Lact ogen2,

Flow Ré Ithe goitriems Iwasl Ggutatedlbyadedicaled sodivedraat Bk pBosdbe different

sectifhd B 1B 2% P8R s BB NobER 50008, MO or o
NaOR! ehichisketiGeias fitreH Wi@@tﬁi?ﬁ@%@n%miyé aH '\%r@be]'lhfked to a control unit
pancreatic-bile solution 15 contai nedNaHCO3

and geaprurtent The Bowl rair@h nutricaistosruaittheC 1 was prlstegaegording to an

o B R0 CoR g SEDE AR HITRR e hosen
allowPgreateafluctuifidre and rthos Jingehssd atresd-ohtd\iita ipestbistiQuIfeed infant
i nto stonach vessel . algﬁeﬂvvi th strain ST4SA 10

I .nt Dos 8 -
formilpg (lActogenz NAN Pelargan.Alg-11§.and Alisselwereygluatad gDasage with
- W eyl . : =l 8.
the SRR S TSR e Sy peteion "G S able oot o
per mis4The IB8bistiometds vewatsespengremthpedalive. The pancreatic-bile solution
contained NaHCOs3, pancreatin and oxgall; dissolved in distilled water. The conditions

used in the GIM were as summarized in Tables 10 and 11.

" Table 10

Time pH Growth medium Pancreatic-bile
(min.) solution
0-4 Nutrients pumped into stomach vessel.
' Dosage with strain ST4SA (1 0® cfu/ml)
444 52 ‘
44 -64 | 4.9
64—-108 |45
108 — 128 | 4.1 S
128 —154 (37 Incubation in stomach |
154 — 156 Pancreatic-bile
solution pumped
_ into the duodenum
1154 - 158 Stomach contents pumped to
duodenum
168 — 274 | 6.5 incubation in duodenum
274 — 280 Duodenum contents pumped to jejunum
280 -394 6.5 incubation in jejunum
394 — 401 Jejunum contents pumped to ileum
401 - 520 | 6.0 incubation in ileum



duodenum 158 -274 6.5 Incubation in duodenum 274 -
280 Duodenum contents punped to jejunum 280 - 394 6.5
WO p@ah3gsson in jejunum 394 - 401 Jej unum cont ePE€HIB2007/051982

unped to ileum 401 --- 520 6.0 Incubation in ileum
WO 2007/ 138538 PCT/1B2007/ 051982 34 Table 11
Bacteriocin Cfu/m in Bacteriocin G MClua/m in NAN
activity MRS broth activit 4 section Pel argon (> 25
600 (> 25 600 AUeim) AU mM) Inoculum1l.6 x 10 + 6.0
x 10 + Stomach 1.2x10 + 3.7x10 + Duodenu 2.5 x 106 +
1.0 x 10 + m Jejenum 1.0x10 + 1.3x10 + |Ileum 5.0x10
+ 1.0x10 + 5 aCfu = colony fromng units (i.e. number
of viable cells) bAU = arbitrary units (thus

Tablertf | ecting antimcrobial activity) Survival of strain

ST4SA agai nst a pathogen was tested by infecting the
G Mwith Listeria rronoc togenes. The survival of =

o SUra n ;4 qnﬁggﬁ sBagtariagint o 163 fyfmbinte  Racteriocin
anti m% Alnthe npQj 4 d

sectibh €sulp ‘Tq Tg%'l%y Tabl lﬁ%gl%%h Qﬁn@&f ST4
Ampicillin +++ Bac (>r25600++ (> 25 600

AU"/ml) AU/ml)

Inoculum | 1.6 x 10° + 6.0x10" |+

Stomach | 1.2 x 10’ + 3.7x10" |+

Duodenu s + 1.0x10° |+

_ 2.5x10

m .

Jejenum [ 1.0 x 107 + 11.3x10° +

lieum 5.0 x 10 o+ - 1.0x 10° +

8Cfu = co.lony froming units (i.e. number of viable cells)

PAU = arbitrary units (thus reflecting antimicrobial activity)

Survival of strain ST4SA against a pathogen was tested by infecting the
GIM with Listeria monocytogenes. The survival of strain ST4SA and its ability to
produce the antimicrobial peptide ST4SA in the GIM was monitored (results shown in
Table 12).

Table 12

Antibiotics ST4
Ampicillin : +++
Bacitracin ++
Cephazolin +
Chloramphenicol +++
Ciprofloxzcin +++
Cd. Sulphonamides -
Cloxacillin -
Erythromycin +++
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Cephazolin + Chloranphenicol +++ C profloxzcin +++

Cd. Sul honamdes - Coxacillin - Erythronycin +++ WO
WQe®7n3838538 PCT/ 1 B2007/ 051982 35 Met roni dazedE1B2007/051982

Methicillin - Neonycin Novobiocin +++ Nystatin -

Olaxacin ++ Oxacillin +++ Rifanpicin Tetrac clip

+++ Streptonycin - Vancor% in ++ Penicillin +++ Key:

- = no zones (resistance toTantibiotic); + =

i nhi bition zone,

Zohe; di-anet er 1

o T CT

Methicllin r esul ts pre

dianeter 1 to 11 mm ++ = inhibition
2 to 16mm—=+++=_fnhi bition zone,
lthan “17mm 5 As may| be concl uded from

ented in Table 12, strain ST4SA

Neomy@irvi ved in_al |

sections of the intestinal tract.

NovoBincinm cr obi al pe

ptti+de production was in excess of 25

Nystld0 AU (arbitrar

¥y units) per mM in all sections of the

OflaxaBhestinal tractl.++ G owth in NAN Palargon was sli ght ly
Oxaclifiss optimal than ! NTVRS."However, in both

Rl.l:an,ﬁﬁaf[ll ment ?\NE\[I(:‘ L_I_(EL__'_I IIHLIIU(’-:‘I ?,\ELU not| decr ease by nor e )
Tetrahly(ﬂrll ofe I vyari l 'Ilul'l’+ Lyl © (ottT

Streptomycin -

Vancomycin ++

Penicillin +++

Key: - = no zones (resistance to antibiotic); + =

inhibition zone, diameter 1 to 11mm; ++

= inhibition zone, diameter 12 to 16mm; +++ = inhibition zone, diaméter larger than

17mm.

As may be concluded from the results presented in Table 12, strain

ST4SA survived in all sections of the intestinal tfact. Antimicrobial peptide production

was in excess of 25 600 AU (arbitrary units) per ml in all sections of the intestinal tract.

Growth in NAN Palargon was slightly less optimal than in MRS. However, in both

experiments the cell numbers did not decrease by more than one logarithmic cycie (see

Table 13).

Table 13

Antibiotic {mg)

Number of viable cells
of strain ST4SA

Control

1x10°

TMP-SMX 20/100

7 x 10°

TMP-SMX 40/200

8x10°

TMP-SMX 60/300

8 x 10*

TMP-SMX 80/400

1.8 x 10*

Metronidazole 50

13x10°

Metronidazole 100

6 x 10°

Metronidazole 200

3x10°

Resistance of sirain ST4SA to various antibiotics has been tested

according to standard procedures (antibiotic discs, Oxoid).

Concluded from these
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10 Table 13). Table 13 Antibiotic (ng) Nunber of

viable cells of strain ST4SA Control 1 x 10 TMP- SMX
WQ@0Q001088538 x 10 TMP-SMX 40/200 8 x 10 TMP- SMXPGDIRR0Q/ (1982

x 10 TMP-SMX 80/400 1.8 x 10 Metronidazole 50 1.3 x

10 Metronidazole 100 6 x i 04 Metronidazole 200 3 x

10 15 Resistance of strain ST4SA to various

anti biotics has been teste according to standard

procedures (antibiotic discs, Oxoid). Concluded from

t hese WO 2007/138538 PCT/ | B2007/ 051982 36 resul t

| resultgt rediain SST4PA 5 resistenhrie ﬁ@lpegn@rﬁl&?&m ¢laxaciliin, méronidazole,

0, Jelkani.daze b Gl L
othigy B 3oyl JTERATL LA Bnd BBl ih FTaBEOBC! ™

Children with HHVIAIDS are treated with
Vet 1 onf BT H DA Sr A ERisaAt ARG S Tagsthoxazole
(TMF1§§WQe%ﬂztﬁ'd I\‘ﬂbfr@mgbi gr %t g?‘?\%ﬁmdréﬁﬁéé“s NAN T rF‘%Iargon was
a ect

I bi-otics an on strain ST4
suppleeatertad mdith differmnt hehcmtraimmsrdlthgrt@mmmmmsamd Bﬁe effect on

. \ f I d

strairl § 7 ATl MiRB EGRK 150 5" SR RLOINT s B e ieTeE e
the cell nunbers of strain ST4SA with four Iog cycl es.
However, increased concentrati ons had no drast

ef f ect ASrmay &b qqrncwdewféomﬁb@ desidle mesentedu@r‘{@@le 4, TMP-SMX
T4SA 1

tors_L.n S
and 1jBERRERRL8 RERRRRE ARG8T sheh STASA oy 0o cycles.
HowaWdr Uhereeell aohesstraisiethiat e didwiceffdchon Riabitys have
been desi gned forthe genes encoding the followng

virulence factors: Vanconycin resistance (VanA/ VanB);

The ’?i@?”gééﬁg’gﬂﬁ"’%& ,@6)5% o?n aggr egati on substance

ol I"'agen

To develop strain ST4SA as a probiotic, it is important fo know if there are
any Vifulence factors associated therewith. Primers have been designed for the genes
encoding the following virulence factoré: Vancomycin resistance (VanA/VanB);
production of gelatinase (Gel); aggregation substance (AS); adhesin of collagen from
enterococci (Ace), enterococcus surface protein (Esp); haemolysin/bacteriocin (Cyl) and
non-cytolysin beta hemolysin genes. The DNA of strain ST4SA amplified with the latter
primers indicated that the strain does not have the genes éncoding vancomycin
resistance, gelatinase | activity, an aggregation substance, and co!iagen. adhesion.
Based on present results, strain ST4SA is not pathogenic and should not cause allergic

reactions when ingested.

As peptide STA4SA has a broad spectrum of antmicrobial activify, acting
against a number of Gram-positive and Gram negative bacteria, the mode of action of
peptide ST4SA appears to be different from other antimicrobial peptides thus far
described for lactic acid bacteria. In addition, the site of recognition on the cell walls of
sensitive cells may differ from the usual Lipid Il anchor site used by other peptides of

which the Applicant is aware (Figure 26).
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enterococci (Ace), enterococcus surface protein (Esp);

haenol ysi n/ bacteriocin (Cyl) and 20 non-cytol ysin beta
wheowol1$8s8h genes. The DNA of strain ST4SA anpl PET/EBR007/051982

with the latter prinmers indicated that the strain

does not have the genes encodi ng vancomycin

resi stance, gel atinase activity, an aggregation

substance, and col | agen adﬁésion. Based on present

results, strain ST4SA is not pathogenic and should not

cause aI I er%tl reacti ons when i ngested. 25 As pep ﬂ
ST4SA hatesh $63il0t§§§’§t th%l@\d |bﬁ9ﬁt@@mféﬁcg>&ﬂ00fﬂﬁ>$a el DSM

20017 % Eﬁa é W a %Hp'ﬁﬁﬁ LA @ma'ggma 3 schematic
hegative r|a ’ "Sct] on “of
preseﬁﬁ’e(’t% E@D@ﬁﬂﬁ) g\mr{t@gdyd ik aagleegbfsftm ti‘lre mhhmracmilsld?chamb)fﬂhe Lipid
des thus far described for la a a
L mo!eﬁulgdwhtchavpul@ reearebeallys p"ﬁé’@Bfg?ﬁpct'F‘%%l&%ﬁ é’é“cf gl fig same
site (tﬁtr\t 120 lﬁ Hsﬂ Lides Qgéépitoﬁayi'rgétfrﬁé{t of fé?géit él':ﬁlsl{é U@éke'fD@M’ 20017)

r site used by ‘ot her peptid
with aApptnbmmﬂonl of \amoeycin god eepéifie S?@%dwwmsaasu!ted in growth

T s b ot Ao PHBSSRRR el o v
Lipid AEPQLEtikG 88 o ddptSrstiBr pEpid<ISTHIASAhe RSt thbpﬁéfﬂﬁj /6 TAHSA binds

vanconycin (see schenmatic presentation, %re 26)
to movartbampoeranatiosng sitecon He sensiiveaesimely exp rawhydt hﬁﬁéuch a

oroac Syt I Mo b Ay 6 EF Sl o Gragy e
bactetiafathé Aprcéntm gwike Gfahs faa tmcwswh @4 Jantibicgia) bieds t@f_ipld I, as
target ce sakei DSM 200 wi th a conbinati

showpf iny Rigeesn2s W mfpé"ﬁﬁtra@n’fsq’ﬁé/x Saff@w@éﬂ 200d4 Uyt vangomycin
bi | | Fi
preveiSd ik biBNaRyNEh b1 fiE A48 iBbyysgpl asm see | oid 11

are acting as receptors for peptl de ST4SA. The fact

t hat peptide ST4SA bi nds .than one_anchqrij.ng, .
Site bPoPHS SSHASAIES B IVREPIRIA As9ioNRF G ha)oliaish can

mterc%lé’t% vﬁf ?pgrﬁ)sﬁﬂﬁﬁﬁéi Yo Yel A Bt r?gboiﬁ%'r itAGk korhied a reaction with the

am 03|t|vea Gramne ative
recepiac tiée oa)the Tt wipl Tkmarea be’amne’fhefmﬁwdramomhaeglons more

opoch ol R R A he P 5 b st e SRl b 2y

moremé%lé WSPINECIR oPIHRVARIcBGHt AIR lbllagddcﬂ as @f hihy & iafed, avitibie would
Liprd I'l target site. 15 Peptide ST4SA has two

allowh;hﬁ &ptesbiinalr bajf mfsth(ergmcée ZQ)bem @ndcisorpaiater aaeléti@to the
phosPhbihIBERRRT b4 o bl v ABARESs Hb Wy Saslepy poptce

ST4SY)Q|(F|-“1gu?§"ET)aN§|® syPeteRa @llb%d h&remeattee pb Fhagmeryt and Fragment
2}, based on the amino acid sequence deduced from the DNA sequence of the

structural gene.

As shown below, Fragment 1 consisted of the first 29 amino acids (from

~ lysine to serine), just before the hinge area (viz. between the serine at posjtion 29 and

alanine at position 30). A disulfide bridge was introduced (connecting line, shown
below) that covalently linked amino acids @ (cysteine) and 14 (cysteine), also shown

below in the full iength peptide sequence:
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specifically between amno acid 29 (serine) and am no
acid 30 (alanine) (Figure 27) is nore flexible than

W@ b@7188588 of the structure and may act as a hi POBIB0€Z0)51982
whi ch would 20 allow the C-termnal half of the
peptide to bend and incorporate itself into the
phosphol i pid-rich cell nmenhrane. To test this
hypot hesis, the two sectio 8 of pepti de ST4SA (Figure
27) were synthesized (listed hereinafter as Fragnent 1
and Fragnent 2), based on the am no acid sequence

deduc e YIVGIVGYBENKHGESYIRMWYEKAIGHENNSst ruct ural  gene.
25 As shown bel dly._ Frdgnment 1 consisted of the first
29 amino acids (from lysine to serine), just before
the hinge area (viz. between the serine at position 29

and alanine at position 30). A disulfide bridge S .

intr odEB@od‘%léiﬁ%é?thigﬁgS?Wﬁ@,tosﬁté"gﬂ'ze btg?o%)' ugtyrg; of the peptide.
FroorfE4E} S LA Sonaflcig B AR e rcion o
amingpepidsdeors pguikio &1 tR620a7 AIGRGESTRSTArB20bz hodeade reGggnizes

KYYGNGVSCNKKGCSV LA 1GNNS, .. 5 The disulfide brid
the reSEPIRIPN BeStIoVA | S NEHaoSt (RIS IOaTR pept | de.
Fragnment ,1 contained the first hydrophobic region,

i ndicated by the encircled re%on (six amno acids
f r om pbsagrient 2¢omprigs] the last N G-Hegninafpiming acidsdn thesecond

R oA 1 B PR BT y BhnPhios s
before AR® hirkRbalcag bbagdenlserd SidaRmingm no acids in the
second ~ hydrophobi c | oop downstream of the hinge area,

plus the preceding 11 am no acids just before the
hi nge Erm@M:MﬁlMNﬁWﬁ agment  2:
KAl G| GN NSAANLATGGAAGNKS 15 Treatnent of sensitive
cells with these twa.fra nts,of peptlide STAS .
il cat GEPTER L SE PV B (RSB LISTBFN St Peplide STASA
indicARHERH SolEadiees dséQlondNbf tetislicale arChdadddyfor ahtimicrobial
woul d thus seemthat disruption of the cellular _
activitye nth vemad tusossgm poatsdigiuption of éhe pellulat @embiane jssonly possible

once &IPSyt 4 B0 EERTA e Pl i B0 P8Ey. 2
Binding of peptide ST4SA fo polyethylene (PE)

Binding of peptide ST4SA to polyethylene (PE) was tested. PE film was
cut into sections of 5 x 5 cm and soaked for 1 h in a solution of 60% isopropanol and
peptide ST4SA (activity level: 102 400 AU/ml). The PE sections were air-dried (20 min
at 60°C) and assayed for antimicrobial activity by using the standard agar diffusion
method. The plates, seeded with L. sakei DSM 20017, were incubated for 24 h at 30°C

and examined for zones of growth inhibition.

Peptide ST4SA adsorbed to PE within 80 seconds to produce a film with
high antimicrobial activity (large inhibition zones surrounding the PE section). . The
strength of binding was determined by soaking the peptide-coated PE film in SDS-
buffer, followed by electro-eluting peptide ST4SA from the film with a current of 30 mA
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Bi ndi ng of peptide ST4SA to pol yethyl ene (PE) was
tested... PEfilmwas cut into sections of 5 x5. cm
w@ee73sssBed for | h in a solution of 60% i soprBEHEA07/051982
and 25 peptide ST4SA (activity level: 102 400 AU mM).
The PE sections were air-dried (20 min at 60C) and
assayed for antim crobi al ng‘([ét ivity by using the
standard agar diffusion hod. The pl ates, seeded
with L. sakei DSM 20017, were incubated for 24 hat 30C
and exanm ned for zones af growth inhibition
for 2rrgpemdemprIBAradSoFBet o gem/al%vvﬁr%t?k@@@éﬁ%w'%t'me intervals
~q spladuce. a: il | 8 inh 1 9 @RS EOBE Al PCH Wik Mnined by using
and tEGEH 16 aRiict Bl dciy Sl AR RS i deibinined by usi
the Biddfordstneéngt. hElettrb+ahuxted dilmas det dnfion edtitjcrelbiakactiyity by using
de- coat PE filmin SDS- buffer, foll owed by
the agqarp(ili‘fpglogmg thed aschi’Pfe ST4SA fromt he filmwith a
current of 30 mA WD 2007/ 138538 PCT/ | B2007/ 051982 39
for 2h (roomtenperature, i.e. ca. 25C). Sanples were
t aken ReptidgGlTaSA adheredsteongly, andridvesd seemfigeversibly, to the PE

film. BT C@%%@ﬁdg@% Féé{rpﬁgé‘éb fhDe BPBESPAL Bl BB&siBR Siter 1h with
a curFérﬁ@f Bonf. Uired cﬁél'!éﬁgﬁeéiunﬁsﬁﬁﬁtﬁdeﬂ Picds bEeIPBudhce (PE)-bound
act|V|tK by usi agar diffusion nethod

peptide fOr4SA pregted gh@m@mmgh pad@genicobrAteria a{h@?qrta #aaiys and
stapBABE 5 R okpr b e, STA9h SELERR T, AbuhPRY t¥nge o

prevaht\Wr rédude sidroeial inféctidgand aﬂs@ﬂﬁh@bbe@ {reothicn d‘}edm;a! Imr aseptic
red nmeat as nodel, surface Eﬁl‘;’E bound pe ptide ST4
appligatiansriust 3 dogPYANRICMPENED FERIXOHRG %»r(?a&h%fﬁr%t%ﬁi@ray tubes

and E@&&Hégg%@ﬁ% 40t 3R %}é AN dp;?ﬂiu%tssgé’&?%%sfemﬁhe hygiene

I's usabl e |n ressings to preve
prodtmts r emtaet fansesebicahtaichfenst i rmmsg asudutitinso Tﬂ"lendscamskatlam of the

antingahig! BEYGRInd 20N a Eac A SO calEse o Be Snipioial peptide
and éHté%endﬂbd Eﬁé’@'?ﬁ%rea‘iﬁm@ﬂf of aSHidtbBialMRifBElGH. Flmf&?érﬁﬂﬁe strong

products suc fem ni ne hygi ene products, contact
adheremeesf, pantidea3T454 te PH steiwsthab itactoas a sowrelease antimicrobial

ncapsul ation of the 15 antim crobial peptide in the
agengol ynmer leads to a slow release of the antim crobi al

peptide and an extended period of treatnment of a

m crobi al infection. Furthernore, strong adherence of

pept | d@egtideS T4Spbinsisdasnemnrdhanongdesepior site on a microbial cell

ant 1AL RAL 0K RS B0l S broeB PRt By el soent
The fiet kection of peptide ST4SA (in front of the hinge area) binds to the receptor.
The seéond part (downstream of the hinge area) has a bigger hyd rophobic region and
intercalates into the cell membrane and distorts the permeability, leading to cell death
(visualized by DNA and enzyme leakage). Peptide ST4SA binds fo PE in a stable and

slow-release fashion and is suited for incorporation into wound dressings.
Development of Enterococcus mundtii ST4SA into a probiotic
The survival of Enferococcus mundiii STASA was evaluated in a

computerized gastro-intestinal model as shown.. This phase comprised further in vitro

and in vivo evaluation of strain ST4SA as a probiotic. Adhesion to mucus and epithelial
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and is typical of what one would expect froma
br oad- spectrum anti m crobi al agent. The first section
w@Roopapsssgle STASA (in front of the hinge area)P@i/IBISOT 51982

the receptor. The second part (downstream of the

hi nge area) has a bi gger hydrophobic regi on and

intercalates into the cell nbrane and distorts the

perneability, leading to c8Pl death 25 (visualized by

DNA and enzyne | eakage). Peptide ST4SA binds to PE in

a stable and slowrelease fashion and is suited for
cells wateostpdiegtin witro withhwoan ¢ell lisesi Wgdvo stipdips wrigdierfosmed in rats.

Ent er ococcus nundtii ST4SA into a probiotic 30 The

surviv f Entero ndt|| T4.SA val

T o B St FEEFEREESL M bty L NUR7 e athfe human
coionH&ie‘ho@ﬁ@ﬁﬁ)rﬁﬁﬁﬁﬂ'Iﬁcﬂ@dédJCbB@JZ delt livies 19T -28hd HTROMATX (mucus—

eval uation of strain ST4SA as a pr obj oti c. Adhesion

i 0
secrefing wellahd Tegi selidines exsespowrekesggapand |fBQ@0)n8d)ed1f§%§ntiat'0ﬂ
4
when %roe\ﬁ‘\/%r? I%gé&%?gﬁhrb o‘ﬁpﬁ&!ﬁo@m"‘éﬁ& Fg%ﬁg&%ﬂl#ﬁ%@& mature
enterbﬁgtt§§,twmah ||¢@|Jdie |pbtm&ati6:€0b functibralstrudly oneésrearid apichhiatestinal
human col on adenocarci noma and i ncluded Caco-2 cell
hydrqlas@ss, HT-29 and HT29- MIX (nmucus 5 secreting cells).
The cell-1ines express norphol ogi cal and functi onal
differentiation when grown under standard culture
condi t Adhereamoe sﬂnmminr&mmeoimn cellsis imdlugneed by cell surface

carbGRENRE A N SOl R 815 Loy Bl ikt Bibrocoee

| prote@P'Q %géft|oﬁtswsfbr§é4(ﬁ/s)t ﬁelét@attoCp@tﬂm@gérﬁc.tyanSQ@@ﬁohdhesm

surface car bohydrates, the Efa A ?Irotel n,
whlc}AmaddaieIth forafatlomqf sgbpiUMpmiheh alpwe dic hip !ymfaﬁlénhtransfer of

the sERPABGETER bl S hiEeRI AR B S et Ch e at es the

formation of cell cl unmps that allows the highly

efficient transfer of _the sex pheronpne plasm d op
whi ch jsthis séwmwé@m BF 454 wasscseensd favinlepostifais, bile sait

[
gt BRI End e © adi R b Rl et hferopyte-tike colline
Cacd- ha:dmupsamve rixelsyt whild dxdh&reigl tolthe@ €acGdreelline, and in the in vitro
titiyve exclusion i.l e adher to t Caco-
gastr@mstmahéGfTa}r{aOﬁi(ﬁ' 'ﬂeafmtmt Lﬁ%&grwdﬁ?@m*ﬂ’gn 0‘%%? 4$A was
In addition, cell surface hydrophobicity of
deter@ﬁ}ﬂ%& was 20 det ermi ned. _

Virulence factors

The presence of virulence factofs, viz. vancomycin resistance
(VanA/NanB/NanC1/VanC2/\VanC3), productioh of gelatinase (Gel), aggregation
substance (AS), adhesin of collagen from enterococci (Ace), enterococcus surface
protein (Esp), haemolysin/bacteriocin (Cyi) and noh-cytolysin beta hemolysin genes
were studied by in vifro tests and/or PCR scr'eeni-ng. DNA was extracted from
E. mundtii ST4 according to standard methods. The primers designed for amplification

of the latter genes were as described. The results are shown in Table 14.

Table 14
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Virul ence factors The presence of virulence factors,
viz. vanconycin resistance 25

W@ YmAbEsBNanCLNanC2NanC3) , producti on of gel ap¢HIB007/051982
(Cel), aggregation substance (AS), adhesin of
coll agen from enterococci (Ace), enterococcus surface
protein (Esp), haenolysin/bacteriocin (Cyl) and
non-cyt ol ysin beta hennlysﬂﬂ genes were studied by in
vitro tests and/or PCR screening. DNA was extracted
from E._ mundtii ST4 according to standard t hods.

h¥apr i Wans| & gh&elfjoEfamplBtai ¢afSor| Age ofCylhé Esp | Non-
| fat ter| gganes weLel as ds\%gri pbefd.. The results|are shown
in fab| eP14, VTl & 14 WB™P0p7MT38538 PCT/ | BR007/ (051982
41 Van| Van Vang Get Efa- Efar AS Are Cyl Esp| Non AA 171
ti Ar 6 M1'l! AmHScy 3 ST4 - -| - - ¢ - + -

D
)
-
-+

ST4+ SA Key: | VanANanB: \anrcofryci n|resistance| @Gel: - +
SA Cel atinase production EfaAfm E. |faecijum endocarditis
antigen 5 EfaAfs] E. faecalis endocarditis|antigen

Key: AS” Aggregation substance Aceé” Adhesin to col | agen
fromE. faecalis Cyl: Cytolysin (1li-henolysin
VanAQenBy VaRoemys: reeseBfdcoccus surface protein 10

Gel: d?&,h&%é prodQBigeyt ol ysin beta henolysin Il Production
of Aggregation Substance (AS) 15 Production of AS was
EfaAfgy Ed%@@’“?’r?"ﬁ‘%ﬁ’@%iaﬂ@g%‘ssay in the presence of a sex

EfaAfRIEEIremRNSenfRYrdRRaEgBNe was obtained by grow ng the
As: pheronone producer, Enterococcus faecalis JH2-2, in
s: ARRESOIOBSHPEENSEC for 18 h. The supernatant of a

Ace: Adhesin to collagen from E. faecalis
Cy!l: Cytolysin (B-hemolysin a_ctivity)
Esp: Enterococcus surface protein

Non-Cyt: non-cytolysin beta hemolysin 1l

Production of Aggregation Substance (AS)

Production of AS Was studied in a clumping assay in the presence of a sex
pheromone. Sex pheromone was obtained by growing the pheromone producer,
Enterococcus faecalis JH2-2, in MRS broth at 37°C for 18 h. The supernatant of a
pheromone producer, E. faecalis OG1X, was used in clumping assays in a microtiter
plate. Two-hundred microliters were inoculated (0.5%, v/v) with strain ST4SA and
microscopically examined for cell clumping after 2, 4, 8 and 24h. No cell clumping was

observed
Production of gelatinase
Production of gelatinase was tested on MRS agar containing 30 g

gelatinfliter. A clear zone surrounding the colonies after 18 h at 37 °C was considered a

positive reaction. No production of gelatinase was detected.
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pheronone producer, E. faecalis Od X, was used in
clunmping assays in a mcrotiter plate. Two-hundred
WOonR@robssser s were inoculated (0.5% vlv) with BCT/E2007/051982
ST4. SA and 20 microscopically exam ned for cell
clunmping after 2, 4, 8 and 24h. No cell clunping was
observed Production of gellvaéi nase 25 Production of
gel ati nase was tested on agar containing 30 g
gelatin/liter. A clear zone surrounding the col onies
after 18 h at 37 C was considered a positive
Prodyadigotaf rhremeiidduct i on of gel ati nase was detected. WO
2007/ 138538 PCT/1B2007/ 051982 42 Production of .
/ 3- henol ysi n Production of 3-henolysin was indicated

by t hepfauatibh of Bdfencblesin vaniadicatad bpthediongatitre of clear zones
colonies on bl ood agar plates. Blood aga | ates we

surrogqa@pg,ﬂ@@c@gpi@@ orgbiggqj aasf Blatgso BiPoLAgar étgg\mqrﬁ pg@,pérgd using
Colu@E%e@loBg%tﬁr =8 el ! ‘sﬂﬁ%;?fjio%%i Wo}ﬂﬁbﬁbr\"@?s- I;]a-molysin was

serve 'S evident t the Applicant has shown
obsetvedt strain ST4SA does not have the genes encoding
vancomyci n resi stance, gel ati nase producti on,

production of the 10 endocarditis antigen, form ng of

cel | agy 8L RInaBABRPDNESNHRsEPOLWAARAL StRIMFSTESA does not have
production of a surface protein. Genes encodi ng

the ganéerDEYdiNg vaoCOYCn ranistanse. ogkatingss produstianhpipsiugtiem of the

ill.were,.detegted. r, th t n
endofsytsy gPudEl oo [P FooletBued., o ahBe SRLEDIRISR, fnaror
prodittiendf agarabt ptdein. GaedisioddinglBhbelot/sin asivitpandhon-cytolysin

bile-salt hydrolytic (BSH) activity Strain ST4SA was
beta hempbgirJwaseideteated Howsyes i laftagiwpgenss ayg not expressed (no

. nj | tur ' S Fcééo nt ed
ha_en%)\fﬁk: %&@}%/ F}\;\"\r%v l:}éseoﬁ(r)n sz%o?jg%#ar%%%rgo eox@%‘ﬁg}?i c acid

(TCDA) and 0.37 glL CaCl 2. Plates were incubated in

anaerobic 20 jars fw,?é%l_gt 7.C. The formation of
Detegnigalion ohbi bR beo e B BAAMEG BSH posi 1] ve. No

bile salt hydrolytic (BSH) activity was observed for

strai n ST4 H | Vj i .

e st S ST 4P SRy B PAct Y BY BHbEpiou otangvermiont
cultufOBrHORIRE adirl @lfast §uﬁ@eh@ﬂt®ﬁﬁiﬂﬂuﬁ6%b§gﬁ’vprsodbmme salt of

salt hydrolase activity and resistance to bile 25 ,
taurogaprchelie agHEFMANaNstD 35 6eCaS b llalgs wiareinaubated in anaerobic
jars fgre} o & fﬁ‘ld.o'f'hé) ¥or ealtilan%lfI f)];e%?pﬁta%ﬁﬂ 3RO ReFL Fé’garded BSH positive.

No bile salt hydrolytic (BSH) activity was observed for strain ST4SA. BSH
activity may contribute to resistance of lactic acid bacteria to the toxicity of conjugated
bile salts in the duodenum. However, bile salt hydrolase activity and resistance fo bile

salts are generally accepted as being unrelated.

Determination of cell surface hydrophobicity

An overnight culture of E. mundtii ST4ASA was washed twice with quarter-
strength Ringer’s solution (QSRS) and the ODsgonm determined. Equal volumes of
suspension and n-hexadecane was added together and mixed for 2 min. The phases

were allowed o separate at room temperature for 30 min., after which 1ml of the water-
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An overnight culture of E. nmundtii ST4SA was washed
twice with quarter- 30 strength Ringer's solution
w@ QR$}8sad t he OD58c), m det erm ned. Equal vol BeieEB2007/051982

suspensi on and n- hexadecane was added toget her and

m xed for 2 mn. The phases were allowed to separate

at roomtenperature for 30&%1' n., after which I m of

the water WD 2007/ 138538 PCY/1B2007/ 051982 43 phase

was renmoved and the OD58onm determ ned. The OD580nm of

duplicate assessnents was averaged and_used to )
phase avasi| eaneovagd rasish dbe cPDssons fHEFBEIRShI Ehe yOPsppeDsBdtthiicate
~ssedgadingl - ORB8pnm reading. 201 GERonm keading 1 ] x
ASSEER0T T 57 Fr o The' Fesults shown i n Figlre 28" figure it
% Hyd:llfi)p‘i?ﬂef)bﬁfﬁtg_t= [t D&Lse03t FR N4 D sa6lin detiding 2VAODD s Giveading 1] x 100.

hydr ophobi city. Accordingly, the cells do not stick

permanently to surfaces in the G T. The cells nove

freely ' i d i :

ennanc S HE GREHERRGE T} [brs Do HGrSHtls eliiorinat srain STASA
did ndt@hAdhsgnef Mykirdphobikityt iAccBidhSgly ahd cellstenobstick permanently to

manocyt ogenes_to Caco-2 cell lines Caco-2 lls .
surfages ghied 1B of oyicelr reevefeed) (Aropenciifegely) g the gut, which

t [ I i~well to obtain

enha@gérﬁ:ﬁ%e%%eﬂflﬂ%%%EhreZ%eéfeajsov\ggggg mo!ﬂggc. by addi ng 100 p.|

of bacterial suspension (1 x 105 cfulm of strain

e Rl RS A SR e Soro SRBRELIS PR b inos
lines were washed twice with PBS. The bacterial cells

were |ysed with Trition-X 100 and plated onto MRS and
BH ag&acorksgaist i(FighveldadBietigical wisierwes)| weerl $eedad at a

conc e 3016 SRR, AL GG 10 ocamines
by adﬂ?ﬁqub l‘;ﬁ%f‘ﬁéat\é’ﬁ | sdii)bﬁéi%hrtqq( bo® br0ppLbRdtirY STAGPkneft x 10°
each st cel l I 2h -

aln to the nmonol ayer. After a
cfu/mil o Lbaionooyfpgenax) to ties wells. sAfkeriacllyatn a@d °Plfat 2kl tbacell lines
on Enterococcus_and_lListeria specific nedi .
were MRS, NG S1NoBE8ad B DA Tal TS e M Bre P priignr d 00 and
plateg\'?)n%‘ s GAY %I—?l' ég%zsfs%géﬁvm.mdﬂésﬁﬁﬁﬁ ehiculRed 'fr?h?ﬁwe initial

suspensi on o s Wwas added to the wells.
viablédtbentsarhtheadfidgiades.peri od, the cell lines were

washed twice with PBS, fixed with 10%formalin and
gram st ai ned. Adherent bacteria were exam ned

m gr $S gb%;%%ﬂtilv% -(c)exﬁﬂa%idnetﬁlﬁtrta% sTasAdsichia rabhécytdbgenes was
and Tabl e . _
determined by inoculating 100 ul of each strain to the cell monolayer. After a 2h
incubation period the cells were lysed and plated out on Enterococcus and Listeria

specific medium, respectively.

Caco-2 cell monolayers were prepared on glass coverslips in 12-well
tissue culture plates. A suspension of ST4SA cells was added to the wells. Aftera 2h
adhesion period, the cell lines were washed twice with PBS, fixed with 10% formalin
and gram-stained. Adherent bacteria were examined microscopically. The results are
shown in Table 15 and Table 16.

Table 15
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Tabl e 15 WO 2007/ 138538 PCT/ |1 B2007/051982 44 Cfulm

| nocul um Adhesi on | nocul um of L. Adhesi on of L.
wa2@7/18538 4 Monocyt ogene nonoc ytocg.'

ene

of ST
S SPCT/IB2007/051982

Experiment 1x10 2x10 1x10 3x10 1 Experinent 1 x 10 1
x 104 3 x 10 1 x 10 2 Table 16 5 Cfulnl

Adhesi on | nocul um of L. Adh
Monocyt ogenes nonocyt ogene

1 x 10 4x 10 1

10 2

From t he

sion of L.

of

| nocul um
ST4 of ST4

Experiment 1 x 10 $ x 10

Experlnent1x101x1Q3x103x

esults p

esented in.Ta

Cfu/milt is
adhesi 0
cells

r egogni
ST4SA |

n.af.,Li s
’of 8ddss

tion sit
s thuys a

[ er |
ut’!
es on the
le tao ou

2,t0

- Inqgulumat Adhesiondt inocubanasf kel
Q-2.zells a
byt

suman cell 1i
-camete ljst

ne.

orj g

les 15 and 16
Adbeﬁmefeél t he
ll‘{ uuuérqr!gcnc

10 Strain

Experinventy {

1 in vit
antim

dget®s c

¢robi al

ro gastroy
activity o

ha tiged

intestin

hixt 10°ST4SA an
al (A T) node
[ ST4ASA agai ns

15
L.

:I3§<uTQ/| val

in an
The

ExperlRigtY

was det

2 vessel
v 104)

1 agengs |

erm ned.
as descr

1M g°n
ST4SA wa

bed here

Vatirm*ogastro-i
5 i nocul ated i
nbef or e.

| + ad.-
cH—atea—+*ht

ha AdriadaenH
t+he goouTTTan

L. m

(W=

Ny gsio nal
h the stonmach
pnocyt ogenes (1

-0

|
VvVCOoOoll

nmodel

anf +hpe
Ul

X J.U_l‘}

A T. Sanples were taken from each vessel

out on

respectively. As control,
Tablew#® i nocul ated in the G T nodel.

¥ V.a¥al no
TV O 1 II\JL’

LTI

and pl at ed

Ent erococcus and Listeria specific nedium

PCT/ 1 B2007/ 051982

only L.

20 nonocyt ogenes
WD 2007/ 138538

Cfu/ml Inoculum | Adhesion | Inoculum of L. | Adhesion of L.
of ST4 of ST4 Monocytogenes | monocytogenes

Experiment | 1x10° | 8x10° [1x10° 4% 10"

1

Experiment | 1x10° [1x10° [3x10° 3x10°

2

From the results present'ed in Tables 15 and 16 it is clear that £E. mundftii

ST4SA cells prevented the adhesion of Listeria to Caco-2 cells and that the cells

successfully competed against Listeria for regognition sites on the human cell line.

Strain ST4SA is thus able to out-compete Listeria.

L. monocytogenes challenged with ST4SA and survival in an in vitro gastro-intestinal

(GIT) mode!

The antimicrobial activity of ST48A against L. monocytogenes in an in

vitro gastro-intestinal model was determined. ST4SA was inoculated in the stomach

vessel as described hereinbefore. L. monocyfogenes ( 1x 104) was inoculated in the

duodenum vessel of the GIT. Samples were taken from each vessel and plated out on

Enterococcus and Listeria specific medium,

monocyfogenes was inoculated in the GIT model.

respectively. As control,

only L.
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45 The L. nonocyt ogenes challenge with ST4SA in the in
vitro G T nodel revealed that ST4 had an

W@ ssseobi al ef fect on L. , nbnocyt ogenes ( seRCTIBPITH51982
on next page). Gowh was reduced from8 x 104 to 2 x
104 in the jejunum vessel and L. nonocytogenes was 1
X 101 cfu/m lower in the |Ieum vessel when conpared
with the 5 control, as shddn in Fi gure 29. In vivo
assessnment of the safety, bacterial transl ocation

survival and i mmune nodul ation ¢ es of .ora
admi ni $hededanoarpaanes obpliepge w&ﬁpﬁffiéféﬁn me in Vitro &IT model

reag ‘I AN vt
reved @AY STA hatla BhFhicRRa RN [ 9AGadbdBHCS (58 df2fths on next
page)]cfamdhlvmas oechugEs] frbm‘ Bv;eﬂ)‘h ’cqnl2axt1|(f ;natges;ewnum vessel and L.

12- hour Ilgh/dn ontrolled at nos
monGey ARG 00 BT MRS T it NEReS S hES BRI ith the
contrgl' %sh@ﬁm"!ﬁ'F’s @e 2qut ocl aved, reverse osnosis water

er suppl e nted with prob| otic or unsuppl enented

ad fib. 20 Bacterial strains and probiotic Strain
In Viﬁ%é@@%eﬁpldfuﬁ%d s'aF‘etjD/R§a§fe%h tf%tns%gtréﬁr s&ﬁnmuéﬁd immune

the optica density was adjusted to 1.
moduaidrs capaeitinar ok siraly leyinveistared u@atmwrdtanamss \WQMISOH fo
/ tiﬂ‘ 20 mM phosphate buffer (pH 7.5). Washed cells were
acig¥é8syspended in 100 mM sucrose, frozen in |iquid

nitrogen and | yophilized overnight. The cfu/m val ue

, Mate\{ﬂ% gﬁ?%#hs%p by suspending a given mass of cells in

ate buffer and spread plating dilutions
on MRS solid nmedia. Strain ST4SA was added to drinking
V\gter at a concentration of approximtely 2 x 108
Animegfsy 30 Three capsul es containing a probiotic
comrer ci ally avail able under the trade nane Lactovita

were o f

et e OSSR L AaRE LD 18 A 8 By pouse
groupgetfiftyedd plagtistcagesd w;ﬂﬂﬂﬂi@@ﬁ/ litaBa3& YCIE, ErBd@@ﬁﬂr@lﬁal%ﬁ’xosphere
(temperature 20°C * 3°C). The animals were fed a siandard diet, as well as
autoclaved, reverse osmosis water either supplemented with probiotic or

unsupplemented ad /ib.

Bécteria! strains and probiotic

Sfrain ST48A wés cultured in MRS Broth at 30°C for 18 hours; the optical
density was adjusted to 1.8 at 600 nm. Cells were harvested by centrifugation and
washed in 20 mM phosphate buffer (pH 7.5). Washed cells were re-suspended in
100 mM sLJcrose, frozen in liquid nitrogen and lyophilized overnight. The cfu/m! value
was determined by suspending a given mass of cells in 1 ml of phosphate buffer and
spread plating dilutions on MRS solid media. Strain ST4SA was added {o drinking

water at a concentration of approximately 2 x 108 cfu/mil.

Three capsules containing a probiotic commercially available under the
trade name Lactovita were opened and added to each bottle of drinking water. This

resulted in approximately 3 x 10° cfu/mt being administered.
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46 Experinental Design Two separate studies were
conducted. In each study 10 rats were 5 randonly
wa@lzooi7dsss3s nt o two groups of five each. One gr oREI/ER2DEHS51982
as a control and received unsuppl enented water; the
second group received water supplenented with either
Lactovita capsul es or lyophilized strain ST4SA. Each
rat received a total of eiffher 9.89 x 1011 cfu of
strain ST4 or 3.1 x 109 cfu of Lactovita over the
study period. The rats were nonitored daily for any
abnormal activities, behaviours and general health 1.0
tatus,JncIudlng ruf fl ed coat, hunched posture,
txPeﬂWEPﬁ%P@ fvenment, trenors or shaking, coughing or
br eat hi ng dlfflculties col our of extremties.

ACT Vi f)oWas, %H?é% Weld GoRdutiBlCCIrP @ALR TBEPOW rdts were
| azy, nDVIng sIo = internediate; 3 = active
randmnuiyldmded !ntseiam:grmgps fowe aemfgh@néagdoumagm a% ane@rdrol and

onsunmed wer e d dail The str

recoNL AR Tea=BVET B sy R co Rk ety STppRyEMed win

e:the&‘&*’to@t@&:&‘%ﬁﬁes dlr@oi\mﬂlzbh etrafsTT4SAAESCE RetBcéited @ ttbtal of either
ble 17 Control O(Z,j,ont rol Eactovita _ Increas
9.89 14@ (afuzﬁ)stmyosé“d rg3. 3 sHu of Lagtogiy oxgpthessfugy perlod The

|
ot ST B AR BB 4D 8 o
statuPinaRelhg ﬂmfﬁéd’l@ha W&dmtmegﬁﬁstabie&mnﬁer&p{raaum ormgakmg,
points and the 24 h faecal e_col | ect egl 8
couglhiag 6F hraninpaciiGeIies GolRHr ot §HH28“t'e§I %w%wamom ored usinga
2
threeas}%tale h‘lte‘fhocgaf?%zggﬂgltnﬁg NG DApEsh B %gm\é moving or

concentration
searoha@p eEWMwélghh‘seand @a!umeesf weiee csnsmmedawveremehwedl daily. The

Strairc TSR oIt N G AT S SCES Bty guer 498 days
and tf)%gf{%%{ns(a'}@ SFMNERRRbIe 37MM DTT, 1 nM EDTA, 0.1% Triton

m xed and i ncubated at 22C for 10 m nutes.
Sanpl es were frozen overnight at -20C and thawed
bq%}ore determ ni ng (3-glucuroni dase activity
Tablel4 ycuroni dase activity was WO 2007/ 138538
PCT/IBZOO?/ 051982 47 assayed by I ncubating 100 pl of

treates | Ct,cé’ﬂro .ua CITS1 kSI-I-4WI t II UUUCBhtMII I d(,tl_lagib\”ta

moredtd (ST T CeXA RSSO WY BB o S5 EE BU24.68) N1 246 (44.42)

Increate (%) PR T B0 UM SR 0s 1] TFeCeid 680 [al5732 1L (F6D)
of

B-Glucuronidase Activity

Rats were placed in single cages overnight at specified sampling points
and the 24 h faecal samples were collected to determine bacterial counts and B-

glucuronidase activity. Faecal samples were homogenized in 20 mM phosphate buffer.

" at a concentration of 100 mg faeces/ml buffer. Samples were stored at —20°C until

analysis. The faecal samples were pelleted by centrifugation and resuspendedin 1 ml’
GUS extraction buffer (50 mM NaHPO,, 5 mM DTT, 1 mM EDTA, 0.1% Triton X-100),
mixed and incubated at 22°C for 10 minutes. Samples were frozen overnight at —20°C

and thawed before determining B-glucuronidase activity. B-Glucuronidase activity was
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2 hours. The reaction was stopped by adding 2.5 ml 1M
Tris, pH 10.4. The absorbance was determ ned at 415
W@ 200ansBs5a8 st andard curve was constructed usi ngPCBHIB2007/051982

concentrations of 0.1, 0.2, 0.5, 1 and 10 nmM

p- ni trophenol. Bacterial translocation, toxicological

study and histology After feeding with test strains

for the specified time perfdds, animals were 10

eut hani zed by pent obarbitone sodi um overdose. Bl ood

sanpl es were obtained by cardiac puncture of the _
assaydddht invetmtirioc] G0 UITH regleskfacanlsuspgngon wild SA%ef saction buffer
(extrag B PRNE oAy Sl BTt o iTPaRE 2ee EHor g C for
2 holdS el Rafbtiomhat i t6pSe® BWhaSIngER S anl tMcTag, pAl 10.4. The

cassettes and placed 1in a 4% fornal dehyde (PBS .
absorbange ivas determined ArbduoredEntha siangard suiewesconstructed using

Sohoe vess _ _ _
cono B R 8iTE 20 5h P P BB, "R ogen.

Bl ood sanples were spread plated on BH solid nedia

and i ncubated at. 37C overnight. |nmune nodul ation 20
Bacterg fanipatie texiepiRetcalsiudydneHiso%¥en il eum and

col on sanples using Trizol reagent. The concentration

of RNA was determ ned by neasuring the absorbance at

260 [ Na pect h :

tr ear méer Fhihen i s R B B R B AR TR Mg Birs g were
euthaHizdy 9? dePtehABRGROsbalPBveldodd. NBlopl- satn@iestvadral osthined by

5 pg of each sanple was transferred in triplicate onto

cardiac pynoivrenshihanghtisentycla. e orassanaippuraitths vispgeal organs of

cach TS5 A RGP Y DSy, LBl m an
colortigaluiet wed dxciuadr dhegirBoasamps wearred:dllebieddd casddttedl £Bd placed
e menbrane was_ exposed to X- film overnjght

. Th _ ray d
in a dilbelaspaiiehydewy Bob AOE838NbARENRoIBRABEd o Pasaltin wax for

_ histo@ﬁ?t%{ijéﬁ%lgﬁgt%ﬁ]\glFsl?ﬁgl:&’/cﬂ@ieé.t ?«fﬁé?ﬂ@ﬁ‘ dr #eiiRlim &k Boldn were frozen in

perio ere were no noti ceabl
liquidoditrayermuBlabdesammes werd yprebdptpied ob Sl welid medicand ncybated at

and there were no observabl e di fferences between
37°C overnight.

Immune modulation

Total RNA was extracted from the frozen ileum and colon samples using
Trizol reagent. The concentration of RNA was determined by measuring the
absorbance at 260 nm using a Nanodrop spectrophotometer, after DNase freatment
had been completed. Each RNA sample was diluted to a concentration of 42 ng/ul. A
total of 5 pg of each sample was transferred in triplicate onto a nylon membrane using a
slot blot apparatus. The membrane was then probed with either a tumour necrosis
factor (TNF), interferon y (IFN) or B-actin DNA probe amplified from rat genomic DNA
and labeled with DIG. The membrane was exposed to X-ray film overnight and

developed.
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experinmental and control groups. No treatnent-rel ated
illness or death occurred. f3-d ucuronidase Activity
wWQaoBassses i al enzynes, including 3-glucuroni daRET/IB€7/051982
known to be involved in generating nutagens,
carci nogens and tunour pronoters from precursors found
inthe GT and there presence may indicate toxicity
of bacterial strains and c4f therefore be used as an
i ndication of the safety of potential probiotics. Both
strain ST4SA and a 15 Lactovita suspensi on exhibited
Results 13- gl ucuroni dase activity in vitro (data not
shown). However, rats given a Lactovita suspension
showed an increase in P-glucuronidase activity in
Generaataithsasipk ehdCwaRar gaint 0 control rats (Table 18A).
Control animals also showed a decrease in activity at
day 107 of the study conpared to activity at day 56,

experi t LOal h ' ] :

ot dny 0y 8poRDUE 5 G g ek, MO GHcBRER L BRiovral or
activiugrnge® abssiedastha rgieinddhgle edneotd classevaidd diffietances between

conpared to control groups (Table 18,821, hOV\gver, this
experar@ﬁnwfaydmgtr@{@ﬂquprso%&tr%ww-r@t%e%#l EfR 05 @l occurred.

conpared to the values on day 0O of the study. The

control group also showed |lower activity at the end
B-Glualuréridasa Advigonpared to day 0. WO 2007/ 138538

PCT/ 1 B2007/ 051982 49 Table 18 Table 18A Day 56 Day

77 Day 107 Lactovita 6.58 (0.34) 7.49 (0.23) 7.88

(0. 36) BatRRbl &hzyme inudify g%ﬂ&m&&hdg& &rd Rnéin &2e involved in

Tabl e 18B Day 0 'Day 14 Day Day 50 ST4 6.43 0.52 )
genelating notagshs 5a2E8n0gSTY arkl umgw (gamotats fiony presursdrg GowBwl in the

oIT el oneone Mk RebRs kY & haytoml LS s gpnypororore be

used RRCAS iREERNVGShealfstyaes Joleditl pedbiblics. gBEtDSIrslh ST4SA and a
animals. 10 Macroscopi c exam nation of the visceral

Lactayitgauspensipo sxdibitedano Brgiuewesidgse astivity & vitro (data not shown).
However, rats given a Lactovita suspension showed an increase in B—giucuronidase
activity in faecal samples compared to control rats (Table 18A). Control animals also
showed a decrease in activity at day 107 of the study compared to activity at day 56,
experimental animals showed slightly increase values at day 107 compared to day 56.
Rats given a ST4 supplement showed higher B-glucuronidase activity compared to
control groups (Table 18B), however, this activity was still iower at the end of the study
conﬁpared to the values on day 0 of the study.  The control group also showed lower

activity at the end of the study compared to day 0.
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ST4SA had significantly nore pronounced M.N conpared
to control rats. The MLN were extrenely difficult to
WO c@ntadsys i n control rats. The spleen in the cRCE/IB07/051982
group was narrower and both nuscle mass and abdom na
fat were less in the control group conpared to the
experinmental group. In animls given Lactovita the M.N
were | ess 15 pronounced aff the spleen snaller
conpared to the control group. Lynphocytes enter the
spleen and facilitate i nmune responses agai nst bl ood
antigens. An enlarged spleen nay indicate increase
i ppune system activity. This also correlates with
€f%nounced MLN. MLN are al so involved in imune
function 20 and may enlarge as a result of
Tabld TdAammation or infection. This enlargenent is an
indication that they are perforping their function as
exp PTM56Thnrpp§!{Z\7 rapﬁ‘VWAQA may act as an i nmune
Lactoxitq | 384 .34)pat £49 @c@ﬂ Vi r?rfgsl @38Vt a suppl ement s showed
Contrgi | @26 41 S50 BABndunced M.N conpared to
the control rats. This indicates that Lactovita does
Table d8Bi nduce an i mmine reactiaon However the M.N and
spl benDar 005 [+ hBay#ht rlnl Daxt38 wer pD@b&Lgled and no

8T4 cynhtSRAOS8E di 448849 e) é-%gé?)\/nds-ﬂﬁ(ors@)a absence of

Contrghy| | 3R (R&%s i AAP fiS) || 1AR%A{BOALRER (%) D 2007/ 138538
PCT/1B2007/051982 50 1 Uui A1 : e ini Northern

- hybridization studies did not indicate any cytokine
TNE _or, | EN expr essi the experinment al

Bacm%’ﬁﬁ%ﬂ”ﬁ’%ﬁ%grbrtO)ggwgp{?ﬁP @WQE”J&H@% Og&)’e signals were
detected of relatively the sane intensity when RNA was
probedny & ?c@réé”m%ct\dléb dtENBIPIP DGy il | Quﬁéﬂeof animals.
presence o NA. t okl nes are secreéted protelns

Macrosetipat examllnat@ndvﬁt the visddrahnegansrindicataduinat yhe rats glven strain

STASH, he IR arte engaceq SN sBibeTedl FopEiafeqhe MLN
were %&fréﬁ‘leﬁ; diffidusto it cdritrat o481 Ml PledM infthe @bhtrol group was

surface 10 receptors to produce changes in the pattern
narrogfer RA beftl prselei asy wdeabdompat flswere lgsy iarthe control group

comp%gc%czlt%grheoé frgﬁ[)eﬁtgl alg)%l?)e I?lv‘!arﬁr%?xﬁse&%ﬁtl_'agﬁltétth?WLl‘Q%vere less

rmne expr essi on

prondddicti iethegphas $hallerasompanddrtotthe confrdlugoge. of t hese
proteins. 15 The results presented herein indicate
that neither of the probiotics tested

Lymphocytes enter the spleen and facilitate immune responses against

Tabi

blood antigens. An enlarged spleen may indicate increase immune system activity.
This also correlates with pronounced MLN. MLN ére also involved in immune function
and may enlarge as a result of inflammation or infection. This enlargement is an
indication that they are performing their function as expected. Therefore strain ST43A
may act as an immune stimulant. Rats receiving Lactovita supplements showed a
smalier spleen and less pronounced MLN compared to the controi rats. This indicates
that Lactovita does not induce an immune reaction. However, the MLN and spleen of
the control rats were enlarged and no symptoms of disease were observed in the

absence of any immune stimulant.

Immune modulafion
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have any negative effects on the general health status
of male Wstar rats. In summary, strain ST4SA does not
wW@o®3aA3Es3g enes encodi ng vanconycin resi st ancePCTAB2067/051982

encodi ng (3-henofysin activity and non-cytol ysin beta
hemolysin I I | 20 were detected, but they renained
silent (not expressed). Strain ST4SA has no bile salt
hydrol ytic (BSH) activity.9®his indicates that the

strain would performbetter in the | ower sections of

the AT (ileumand colon). As shown above, the data
indicate that E. nundtii strain ST4SA noves freely

th R Lhe d nts . th f
o caceoh b R Ph Rl sl TRt iE 8 F

expre%gﬁhrlﬁtelthbﬁfh%ré hiERtAl STU S gASup Br EGRER igedSp. OPOQIHU@@IQHBIS
Il's. Strain ST4SA had an antinicrobial effect on

were ﬁi@t&ﬂt@d of e¢lativeln t@@g@ﬁ@.mtﬂr@gywﬂzﬁn FRbbfe wag @rpfped W|th a B-actin

DNA §§cﬁj @élcaﬁhé?ﬁ%gﬁéﬁ 'Jédt |OIX: ﬁesgsorsgg\g?hw thra

occurred. Strain ST4SA aI so performed better than

Lactovita as such, with rats being gjven Lactoyi
showi nYiaingsmaeassseeter otgingiab mestiate calarowhy ifflammation,

immun tgadlﬁel%-ﬁf’%ltl ?ﬁ& ?%E%tre ﬁ{é\y"ﬂﬁeﬁ’ﬁtcﬁ'ﬁy Fé?@lrb%ﬂ’\ﬂﬁng‘lgr concentrations

onse inra Lactovita suppl enents
to pI’(SdhﬂIWSﬂ’]Eﬂr sapliteelr eﬁ@rttserOﬁald theg sact [im combicatibrivmth cell surface

e T e b cd NG BB g, mocause

they %F@Usé ?ges%ﬁ-{/iﬁ %gﬂ:W}/o%é&%’ent:%%o% it %Wﬁéerﬁo%bﬁéﬁeﬂmal to

pept | ASA i nhibits the growth of a variety of
detertrang ¢he exprassicxdihaddiiona gariesrthet apepnigetieTindnepea of these
200 AU m) was recorded after 20 h of growth in MRS
ProteffiSot h (Bi ol ab), which was mai ntained t hroughout
fernentation. 5 An 18-h-old culture of strain ST4SA
was i noculated (2% v/v, 0OD600, m = 0) into

broth (BPéesWis prasenterherain Iwi@t@ﬁmtmel é‘-geé’f@@%hﬂ?tlcs tested

have R ety FResTH g B A bl alR \Witht AT

equi pped W|th nitrocel | ul ose nmenbr anes of 6000 - 8000
Da in pore size. The MRS filtrate 10% %\ﬁ
cont ai Hi SiYNPIY St ShAPACIOSE MRRPESIHES 9BReHERCAd e vancomyain
c |
resisEST CRES SHRAJRIEHSHREIn AR5 o Rafolighainbeta pemalyein
were dietdubed, bagihisat necrralnéd)snem(nnt eRprsisdd). MASJ&SA/haglno bile salt

hyd rcﬁ@%%j%ractw d 'I'h:s mcjo categ that ?#er Istfréﬁ%\}du?c? pen‘onj?r%e Better in the lower

. sections of the GIT (|Ieum and colon). As shown above, the data indicate that E.

mundtii strain ST4SA moves free[y-‘ through the GIT and prevents the adhesion of
Listeria to Caco-2 cells, while also successfully competing agaihst Listeria from binding
to receptors on human cells. Strain ST4SA had an antimicrobial effect on L.
monocytogenes in gastro-intestinal model (GIM) studies. Strain ST4SA is not toxic, as
shown with rat studies. No treatmenﬂreiated iliness or death occurred. Strain ST4SA
also performed better than Lactovita as such, with rats being given Lactovita showing
an increase in B-glucuronidase activity; strain ST4SA therefore stimulates the immune
response in rats. Rats given Lactovita supplements showed a smaller spleen and less
pronounced MLN compared to the control rats, which suggest that Lactovita does not

induce an immune reaction.
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One liter of MRSf was inocul ated with Enterococcus
mundtii ST4SA (OD6oo, m= 1.8) and incubated at 30 C

wo 20072388588 The cells were harvested by centri PCEB20@G151982
(8 000 x g, 4C, 15 min) and the cell-free supernatant
i ncubated at 80 C for 10 m n. Amonium sul fate was
gently added to the cell-free supernatant at 4 Cto 20
a saturation level of 60% 9After 4 h of slow stirring,
the precipitate was collected by centrifugation (20
000 x g, 1 h, 4 C. The pellet was resuspended in
one-tenth volunme 25 nmM anmoni um acetate (pH 6.5) and
desal ted against sterile MIIiQwater using a 1.0 kbDa
cut - of AsSpeictteal Bosve]ippyide S TaSAiaiibit¢ Spegrowth oha . variety of

bacte@ﬁraé}gg}qgélﬂ% E)tycl)qq? thtg?l% ﬁé?@&ﬁﬂ@é (g¥ g@atﬁr{,vnﬁ)gv)\(/gg fecbrded after
20 h &?A@ﬂges ] ?{Tlgl@dS)Ethﬁ @S@f-%bg"\dvﬁlﬁh Hh %ﬁ%‘ihb& 't%ﬁ%utsf@ﬁmsntatlon

erein Peptide ST4SA ac ity
| evel s obt ai ned after each purification step are

pcTl | B000ABeIS AUt Sl BTESAUGR PNAIPY (25 1 QDoseon =

2.0) |ﬁtroq\UIR'S"br§E’r?U§B|BIéFJ ) antifefad MRE iskolty rreéagé‘cﬁweryn MRBWrsth (Biolab)
(pg/ m pg protein) (% Factor free

was fisteped thmd)lagh a ManEQSt’em a\nlﬂlsermglqmeuces(lnmmﬂt)onal) equipped

I te 102 244. 08 80 1.
with GREERIENE SERBHnES s 890 27 a0dR DA i p3te s s MRS fitrate
(MRS?& c%néa.nlhé@ﬂ&)eu{é@méﬂ%riﬁaa% DOND R4S Beheditbsiaved Bed inoculated
urifrer corresponded to the ST4SA peak and

as degsoubaddmfared,zlrmmbaboram VR brotieand Ma“{%ﬁ(wéataécBos@@r@f 37 °C,

withobf B, docdd P Perle T Obu Ve B e el findy

by using the Rotofor(r) 10 electro- focu3| ng ceII

(Bio-Rad, Hercules, California, USA). One liter of
Purificeti¢n bf peptide ST4SA

One liter of MRSf was inoculated with Enferococcus mundtii STASA
{ODsoonm = 1.8) and incubated at 30° C for 24 h. The cells were harvested by
centrifugation {8 000 x g, 4C 15 min) and the cell-free supernatant incubated at 80° C
for 10 min. Ammonium sulfate was gently added to the cell-free supernatant at4° C to
a saturation level of 60%. After 4 h of slow stirring, the predipitate was collected by
centrifugation (20 000 x g,.1' h, 4° C). The peliet was resuspended in one-tenth volume
25 mM ammonium acetate {pH 6.5) and desalted against sterile MilliQ water usinga 1.0
kDa cut-bff Spectra/Por dialysis membrane (Specirum Inc., CA, USA). Further
separation was by cation éxchange chromatography in a 1 ml Resource S column

(Amersham Biosciences) with an AKTApurifier (Amersham), as described hereinbefore.

Peptide ST4SA activity levels obtained after each purification step are
indicated in Table 19. '



supernat ant, obtained fromstrain ST4SA cultured in
MRSf, and prepared as descri bed before, was
wo yophsdsszed and resuspended in 50 m steril e BCBHIB2A00%$1982

water with anmpholytes (pHrange 3 to 10, Bio-Rad),

according to instructions of the manufacturer. A

constant current of 12 Wwas applied for 5h at 8C.

After separation, a snmall W& ume from each 15 of the

coll ected fractions was adjusted to pH 7.0 with 3 N

NaOH or 3 N HCl and tested for antimcrobial activity
Tablead@i nst Lactobacillus casei LHS. The fractions that

Sesfild  posi t iActviter eTpdbedteinr eSpspéndetivityn Yield  Purification
de-ionized water to a total volupme of 50 m, again
subj ected to L‘Né/@ﬂi?o-fog‘lggmﬁg, t@lyﬁ’dﬁf”f%’?ﬁs 35& ect defctor

p | T OT j M Cr oy Af ~acti Vi{lygg 49 Sanpl-gR Were 4
Cell ﬁ%g‘f’%%%gﬁ‘-tzoé?agzﬁod Cost reduction of cultivation nedia
fé50rel)an i nportant part of media optimzation. Mdia

costs -can, be | d by using industyr]j medi a,as a
Amm%ra&,q?p}ﬁ&? or18¥:ﬁbﬁogen 8?oi”fpce. Co?lréJé{ﬁb%p | | qﬁ@r 1.1

précibilatecheese whey powder (CW) and nol asses WO

2007/ 138538 PCT/1B2007/ 051982 53 are regularly used

a@bpdft of growth nedia. CSL is a by-product forned

uring the m}lli of ¢ It is j a nitgQgen
@@lljylsg ; but ahé%g‘ggnt ai %’@E_{Jgars (%%'issucr oég) 2.4
qutsa;m ns and m nerals. Cheese whey, a by-product in

t

e diary industry, .is the npst common fernpentation

medi um for lactic acid (LA) production, and contains .
mai nly Iq4n ng. .S ahts, | j
by pr odidre SR ARHE FofCihe AT bR 3oR2sbonded to the
ST4SNA eakrante padduce@uh Uarammadadie Peptitle, B akpeddd Sizavas peptide
cultured i'n MRS broth (Biolab) and inocul ated (2%/v)
5 ST43Mto CSL, CW and nol asses, respectively.
Fernmentations 15 Fernentations were conducted in test
tubes containing 10 m of nedia. The pH was adjusted
Iso-eedific iMesingedfaeptidee T4S4A4at i on (1211C for 15 min). The
: concentration of NaOH depended on the buffer capacity
of the media. A 24-hour-old culture was used for

e PR Kot gl ST B gapots g o otlors
10 electro-faddisingheelp HBiaRadotHeroulesoIGadithrnigpt WSA). densi Etser cfocell-free
supe‘r%?%n%gtarirr?eaé rcr)r%dst%ﬁn gﬁlgsﬁn&uitured in MRSf, and prepared as described
before, was lyophilized and resuspended in 50 ml sterile distilled water with ampholytes
{(pH-range 3 to 10, Bio-Rad), according to instructions of the manufacturer. A constant
current of 12 W was applied for 5 h at 8°C. After separation, a small volume from each
15 of the collected fractions was adjusted to pH 7.0 with 3 N NaOH or 3 N HCI and tested
for antimicrobial activity against Lactobécillus casei LHS. The fractions that tested
positi.ve were pooled, resuspended in de-ionized water to a total volume of 50 ml, again
subjected to electro-focusing, the fractions collected and tested for antimicrobial activity.
Samples were stored at -20°C.
20
Cost reduction of cultivation media forms an important part of media
optimization. Media costs can be lowered by using industrial media as a carbon and/or

nitrogen source. Corn steep liguor (CSL), cheese whey powder (CWp) and molasses
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Mol asses and CSL at 10, 20 and 50 g.11 were. eval uated
as possible nedia for peptide ST4SA production (Table
wQ@Qgo7/13458hough the pH in nol asses dropped durP@yIB2007/051982
fermentation (thus indicating cell growh), no peptide
STASA activity was 25 recorded in the supernatant.
CSL, on the other hand, produced a supernatant wth
activity of up to 3200 AU. ﬁ{?}-l at a mni mum
~concentration of 20 g.1-1. As may be concluded from
these results, a nitrogen source (CSL) is required to
are r@mw useskpsipket ogumAh pnediac Gnis a@y\moggmrnssmnng the
il . PCI/ 1 B2007/ 051982, %é ~Labl e, 20 i g g.. .
FINTY Fi’l ¢9°51 T EORY TIPYST SRRS S BEhE Bl")’"'é'”?o"“@“é% T?'S'G’o’““‘
vitamhslghdniierdis3 & hbege wr%ﬁ@-b?—@r&l@@ nﬂtWeld&Z@ﬂwduétr?O]s the most
6.50 4.56 3200 5 10 6.50 4 0 6 Mlasses 20 6.50
commpp fergentatey mesiivm . for lagtig atsd (FAB pigrustion, andzpog@@nsgnamiy

o305, 59 S s8R 8 S SRR TR sy i

traces bflother ndherakdi a  and fernented at 10, 20 and 50 ¢
TS.1-" (Table 20). Peptide ST4SA activity of up to
1600 AU. mL1 was recorded in CW (Table 20). A full

cultul@sha design (FFD) with CSL and CW as conponents
Y uvvas use ’310 to determ ne which nedia had t he nost

significant effect on peptide ST4SA production (Table

anei hertaRcr TSk eas Ry e BRARR ai R prifinbeuiated 2% wv)

into WAL T \Rtahd molasses, respectively.

Fermentations

Fermentations were conducted in test tubes containing 10 mi of media.
The pH was adjusted with NaOH before sterilization (121°C for 15 min). The
concentration of NaOH depended on the buffer capacity of the media. A 24-hour-old

“culture was used for inoculation (2% v/v). Batch fermentations were conducted in test

tubes at 30 °C for 16 hours, pH 6.5 — 7.0. The pH was not controlied. Optical density

(OD) was measured at 600 nm.

Molasses and CSL at 10, 20 and 50 g.I" were evaluated as possible
media for peptide ST4SA production (Table 20). Although the pH in molasses dropped
during_fermentation (thus indicating cell growth), no peptide ST4SA activity was
recorded in the supematant. CSL, on the other hand, produced a supernatant with
activity of up to 3200 AUm* at a minimurh concentration of 20 'g.I'1. As may be
concluded from these results, a nitrogen source (CSL) is required to sustain peptide
ST4SA production.
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WD 2007/ 138538 PCT/ | B2007/ 051982 55 Table 21 L FFD
wth CSL and CWp pH No. CSL CWlInitial End AU M 1
wa207638%0 5.510 12800 2 -1 1 6.490 5.100 123P01/1E007/051982
-1 6.450 5.430 12800 4 -1 -1 6.480 5.090 12800 MRS
6.86 4.53 51200 CSL 5 g TS 1 6.51 5.04 12800 CSL 10
g TS| - 6.47 5.12 12800 5 The utilization of sugars
was determ ned by using t hedf ol | owi ng net hods:
Phenol - sul phuric acid assay for total sugars 10 Phenol
(500 pl of a 5% v/v) and concentrated sul phuric acid
Table(205 m) were added to 500 pl of diluted sanple in a
test tube. The solutions were thoroughly vortexed and
absor bancy readi ngs taken at 490 nm (room

tenperature). Sugar con tration (g glucose.1-1) was
No. cal c:ﬁllai.ed usi ngla m]m%’ﬁ Di onex
nex DX500
aMRPEondoly 5 Carbofal PAIBO dSB0%n was used to
anal yse t he sanpbes fo6s0nodcifer tlfars. The el uent

used @8B 250 mviblaCH, 61980 4201 angkdb M NaOAc at a fl ow
rate of 1 m.m ngl. ngoDi qn;@( wagequi pped with an
s

a n vglume was 10 pl.
Tot gar cong ntra?l 8ns v ried between 5 and 10 g
resen b?s nd " 9 respectively). The
rPQUI tq (exper| rﬂgnt nérsﬂnr ety in Buplicate) suggested
WO 2007/ 138538g PST/ | B2007/ 051982 56

1
2
3
4
5
6
7

8 10 6.27 4.14 800
9 CWp 20 6.55 4.44 800
10 50 647 482 1600

In follow-up experiments, CWp was added to the list of industrial media
and fermented at 10, 20 and 50 g TS. I (Table 20). Peptide ST4SA activity of up to
1600 AU.mi" was recorded in CWp (Table 20).

A full factorial design (FFD) with CSL and CWp as components was used
to determine which media had the most significant effect on peptide ST4SA production
(Table 21). The FFD would also give an indication as o whether there was any

interaction between the nutrients.
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that the concentration of CSL and CW had no effect on
peptide ST4SA production nAl , r All TI- 1 Jt"-!
wa2§07/138s538 .:J... simlar 1. it-..~CSL at and BQDIRP0$7/051982
S.1 yielded pep tide S 14 21). SA ac My simlar to
that (Table recorded in the CSL and CW conbi nation
(Tabl e 21) and four-fold higher than recorded with 50
g.l-' CSL (Table 20). As i $%vident fromthese
results, CSL had the 5 nobst significant effect on
pepti de ST4SA production. Optimzing CSL Peptide ST4SA
Table2tivity of up to 12800 AU M -' was recorded in pure
~2 oL, 1Q.,at_a . concentration. of 10 g TS.I-'. This was,
< FrLHWED &L AR CdRpared to peptide ST4SA activity
recorded in MRS (512 AUM-I). Tn a prelimnary
NOexpe'b nt VSNRS cor C s ( X(iapgl gl ucose) were
1= CWp, respectively
YTabl & 22) . 1A t w88l d2iNEr ed<€% n activity was
2obserdted fol 10 §498.1-5.108SL 128P@ h suppl enent s
3conpated tolpure6@sh. Brt3dontl288@, CSL at 40 g TSS
AW th 35 suppl emregiygoyi glghed logp@ctivity. A high
concentration of CSL inhibited growh (small decrease
jn pH) and, subse nt | al s pti de ST4SA
MRgpr oduction. This égi be[}/‘%e t5328¢nhi bi ti ng conponents
CSLiSgBSL. The sane &Xberih®ht wWedsC¥one with Cw (Tabl e
CSLAMNe TSWth an i ndi4hse 3.f2 CWi286hicent ration (from 10
to 40 g TS.1-1), no effect on peptide ST4SA
production was recorded. 20 Table 22 CSL suppl enent ed
with MRS conponents PH No. Carbon source g TS 1-1
Initial End AU n1"1 1 10 6.52 5.47 25600 2 CSL 40
6.55 6.26 800 3 10 6.51 4.92 12800 4 CW 40 6.50
5.07 12800 25 At 10 g TS.I-' CSL produced peptide
ST4SA at twice the activity conﬁared WO 2007/ %§8d538
The wiiraiien obsyerrsowas determined by using the following methods:

Phenol-sulphuric acid assay for total sugars

Phenol (500 pl of a 5%, v/v) and concentrated sulphuric acid (2.5 ml) were
added to 500 yl of diluted sample in a test fube. The solutions were thoroughly vortexed
and absorbancy readings taken at 490 nm (room temperature). Sugar concentration (g

glucose.i'1) was calculaied using a standard graph.
Dionex determination of monomer sugars

A Dionex DX500 analyser with a CarboPac PA100 column was used to
analyse the samples for monomer sugars. The eluent used was 250 mM NaOH, H20
and 1M NaOAc at a flow rate of 1 mL.min™. The Dionex was equipped with an auto

sampler and the injection volume was 10 pl.

Total sugar concentrations varied between 5and 10 g TS.I" (represented

by "-1" and "1" respectively). The results (experiment performed in duplicate) suggested
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57 to CW (25600 AU.mL1l). CSL was therefore chosen as
medi um for future experinents. As not all of the MRS
w@ooposssss s pl ayed a role in inproving pepti dePCBIBRBIT/051982
production, a screening experinment was done to
identify the significant 5 conponents. This screening
experinment was done via a 210-5 fractional factorial
design (FrFD). The design3®ade it possible to test 10
factors in only 32 runs, instead of the normal 1024
runs (Tables 23 and 24). It was al so possible to
that tUetoonnemrreatncfn oheBé avet GW;arhujidmﬂ efrfecdtomnepm ﬁ@éﬁ/\ pfoductlon
onents, -Resyults wera anal yzed  wi e b Elad
rabiggf BB 518407 §F o aPPel e AR s Vi Siflter to that
recor8BANANGBt §SANEnEIWpVESMBITRkiBn g(berbﬂa 299 rEpRIN Al f@ldlhighér than
Speci al peptone 10 10 B Beef extract

-1 A
recorded wifres 6. IS AETAIo 80 A leeyidant HamBess povaEs Gk had the

mostgsfﬂqorﬁ@%iﬁ%ff%C%OfQﬂe@%%gg% Fofufio |1s5n"0°05"0. 05 o

K Sodi um acetate 5 5 0 15 Linear nodel in terns of
coded val ues: Activity = -1431.2*B + 956.2*C +
Optimygigg ©Sb - 2781.3*E - 2243.8*G - 2006.2* K + 7668.8
[ Equation 2] R2=0.73 20 Peptide ST4SA producti on was
descri bed using a linear nodel. Al though the |inear
nmodel Eeptide Sdﬂ%mtway ef yp i €28@0 AUhe! Awbi vétordédinh pure CSL

ata c%nz:%nira’élct)n 8 'Fé s IThls was, however, low compared {o peptide ST4SA
activity recorded in MRS (51200 AU.ml . In a preliminary experiment, MRS

omponents {except glucose) were added to 10 and 40 g TS. " CSL and CWhp,
respectively (Table 22). A two-fold increase in activity was observed for 10 g TS esL
with supplements compared to pure CSL. In contrast, CSL at 40 g TSI with
supplements yielded low activity. A high concentration of CSL inhibited growth (small
decrease in pH) and, subsequently, also peptide ST4SA production. This may be due to
inhibiting components in CSL. The same experiment was done with CWp (Table 22).
With an increase in CWp concentration (from 1010 40 g TSI, no effect on peptide

ST4SA production was recorded.

Table 22
CSL supplemented with MRS components

pH
No. Carbon source g TS 1" Initial End AUml”

1 10 652 547 25600
2 CSL 40 655 626 800

3 10 651 492 12800
4 CWp 40 650 507 12800

At10 g TS.I" CSL produced peptide ST4SA at twice the activity compared
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used to evaluate the effect (positive or negative) of
t he conponents. Beef extract (B), potassium phosphate
W@ E)07/188588 ammoni um citrate (G and sodi um acet BEEIK2K)7/051982
had WD 2007/ 138538 PCT/1B2007/ 051982 58 negative
coefficients in the |linear nodel (equation 2) causing
a decrease in the response el~ ~r their si~ct ..t
onon .. . pepL: ~1~e TA G A .J. ...ucli..on...
variable. 1 T his reflected negative effect on peptide
STASA production. This neant that only yeast extract
to CWiYE)5600) Aldmal {:SLS[( Dpsitheretis ebopepas meddT & future experiments.
production. 5 10 Table 24. 210-5 FrFD design No. A B
C D E F-ABCD G=ABCE H=ABDE JACDE KBCDE 1 -1 -1 -1 -1
-11 1A% ri'otlail 81‘ %e-NﬂRSLcompoﬂaenib pléyéd alrole iBimproViry peptide
111 11 -1-11-1-11-1
ST4SA pIodchthm 1a -sprqemng @(pgrlgmerm \qasr dopq tq |dgnnfy they SLQpiﬁcant

compf%leéts_. i’hfsls]ciég%ng %xRérim%ml\i’r}s ﬁng X-rala §11° ]5 {ljackl %al?fjaléti)illgllde&gn

(FrFE?L). Ilhéldleslgnr matle-iflpedsitle-td tdst110 fudtors in bnly 32 rinsgl, indtead of the
1-111-1-1 1 - - -1 -

normal 1§24 1ynsi(Tabes23 angd 24%. It Waép]fs_q%ggs}t%lf]igldf]fqm%ng Jl'flt%f%e were

any ifteractions between components. Results were analyzed with ANOVA (Table 25).

Table 23
High and low concentrations of MRS components and CSL
MRS broth gl
Component gl 1 -1
A Special peptone 10 10 0
B  Beef extract 5 5 0
C  Yeast extract 5 5 0
D CSL -— 6 3
E  Potassium phosphate 2 2 0
F  Tween80 1 1 0
G  tri-Ammonium citrate 2 2 0
H MgS0, 0.1 0.1 0
J MnSO, 0.05 0.05 0
K  Sodium acetate 7 5 5 0

Linear model in terms of coded values:

Activity = -1431.2*B + 956.2*C + 3831.2"D — 2781.3"E — 2243.8°G - 2006.2* K +
7668.8 [Equation 2]

R*=073

Peptide ST4SA production was described using a linear model. Although
the linear model could not accurately predict the activity (R? = 0.73), it could still be
used to evaluate the effect (positive or negative) of the components. Beef extract (B),

potassium phosphate (E), tri-ammonium citrate (G) and sodium acetate (K) had
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181-1-1-11-1111-1 19-11-1-11-111-1
1 2011-1-111-1-111 21-1-11-11-11 -1
WaA207/12%34 -1 1 -1 11 -11-11. 23 -1 1 1 -RCIWIBR20071051982
11-1 24111-11-11-1-1-1 25-1 -1-111
-l -1111 261-1-11111127-11-11111
-11-1 2511-111-1-11-1-1 29-1-11111
11-12-1 301-1111-%-1-11-1 31-11111

-1-1-1-11 321111111111 15W
2007/ 138538 PCT/ | B2007/ 051982 59 Table 25. Anal ysis
negatofe Veeffisienés Tabhe linear anedd- ®apafon dstaysingy aRdep@ase: in the
CActivity, (AU.M .-') | yonent. Df .F value Pr_(3Eka ALy wi
fespoﬁsés’é"ég%zt”'bs eir'es%eé%ng TSEALNG SHECY O PeEYUT Sg& PEYUHCtion.
Thi rﬁ% ﬁt7fhal a&t Sdract v 4R89 S1220pifredddd péptide ST4SA
s a ?;el 261 r7a$oEY )g?)e 05 ***? PT % 2eo7p§p65el
produa:thno. 008 0. 928

Table 24. 2'%° FrED design

Mg, A B C b E F=ABCD G=ABCE H=ABDE J=ACDE K=BCDE
1 -1 -1 -1 -1 -1 1 1 1 i 1
2 1 -1 -1 -1 -1 -1 -1 -1 -1 1
3 -1 1 -1 -1 -1 -1 1 -1 ] -1
4 1 1 -1 -1 -1 1 1 1 1 -1
5 -1 -1 1 -1 -1 -1 1 1 1 -1
6 1 -1 1 -1 -1 1 1 -1 1 -1
7 -1 1 1 -1 -1 1 I -1 1 1
] H i 1 -1 -1 -1 1 1 1 1
9 -1 -1 -1 1 -1 -1 1 -1 -1 -1
10 1 -1 -1 1 -1 1 -1 1 1 -1
11 -1 1 -1 1 -1 1 -1 1 -1 1
12 1 1 -1 1 -1 -1 1 -1 1 1
13 -1 -1 1 1 -1 1 -1 -1 1 1
14 1 -1 1 i -1 1 1 1 -1 1
13 -1 1 1 1 -1 1 1 1 1 -1
16 1 1 1 1 -1 1 -1 -1 -1 -1
17 -1 -1 -1 -1 1 1 -1 -1 -1 -1
18 1 -1 -1 -1 1 -1 i 1 1 -1
19 -1 1 -1 -1 i -1 1 1 -1 1
20 1 1 -1 -1 1 1 -1 -1 1 1
21 -1 -1 3 -1 1 -1 1 -1 j 1
22 1 -1 1 -1 1 1 -1 1 -1 1
23 -1 1 1 -1 1 1 -1 1 1 -1
24 i 1 1 -1 1 -1 1 1 -1 -1
25 -1 -1 -1 1 1 -1 -1 1 1 i
26 1 -1 -1 1 1 i 1 -1 1 1
27 -1 1 -1 1 1 1 1 -1 1 -1
28 1 1 -1 1 i -1 -1 1 -1 -1
29 -1 -1 1 1 1 1 1 1 -1 -1
30 1 -1 1 1 1 -1 -1 -1 1 -1
31 -1 1 1 1 1 -1 -1 -1 -1 1
32 1 1 1 i 1 1 1 1 1 1




Tablec25.cmalysis iob MariaRce habkebloe aZb i

K1 17.405 0.000 Reproducibility 1 1.338 0.253
Resi dual s 52 Signif.codes: 0" ***'0.001**1

W020103%6338 .'0.1'' 1 The concentrati ons of CSL PRGCTIBZB07/051982

were set wwth a 22 FFD (Table 26). The critical
di [ ution nethod used for determ nation of peptide
ST4SA activity did not yield 5 accurate results. This
made it inpossible to fit &9nodel relating the
concentrations of CSL and YE to activity. Experinental
results were used to fix the gonmponent
Frfélardel&grseen t hat
| ow or high

Respenn¢r Agtivigy (AHanbf) €SI _and YE. The average val ue was

Compalenct ed adDt he b&stalue wi Ph(aFconposition of CSL 7.5 ¢

ReoaoaHmogaoaws

TS.1 -1 and YE 6. 59@01 1. 0\A&4 2007/ 138538

PCT/ | B2007/051982¢ Ta@l 426 22 FFD with 3 centre
poi nt's for deter m3rb%t4' on @iy L and YE concentrations
AUmM -1 - gl Repl , 2 Con'ponent 10-1
1-1-1 256100 256@@464CSL1f95%“1@ -1 1 25600 25600
DYE 10 7.5 5 3 33 4i036264321ﬂ2-8®(5*ﬂ.1 1 25600 36204 5
0 0 25600 25600 @.1620 256@8936204 7 0 0 51200 25600
A growth curve vvi bh 7opt i meljgmedsa=+s shown in Figure
30. CSL- bagle 7a an MRS yielded simlar growh
ki netics at ch t

tch atl on The conposition of
CSL may var% on a% §Iy bé?zg as it is a waste 10
pr oduct . i fferddd®5in &WP3SIti on has the potential

Reprafucgiilgni fi clant |y df¥3&cti n§.458sults. . This was
ResiduBMdest i gat exp by perform ng the sanme experinents on a

. Signif 608 d amq) (Rfl @&o 01 ﬁh@ést'mﬂ Ai\KNA anal ysi s

accurate results. This made it impossible to fit a model relating the concentrations of
CSL and YE to activity. Experimental results were used to fix the component
concentrations. From Table 26 it can be seen that there was no clear effect when using

low or high concentrations of CSL and YE. The average value was selected as the best,

Ween and sodi um acet at e

The concentrations of CSL and YE were set with a 2% FFD (Table 26). The
critical dilution method used for determination of peptide ST4SA activity did not yield

with a composition of CSL 7.5 g TS.I " and YE 6.5 g.I"".
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as the conponents having the nost significant effect
on bacteriocin production (P < 0.1). Continued
Wo@pir38538 i on showed that MhSO4 was i nsi gnifi CRCT/IBAOY 51982

sodium 15 acetate caused. a decrease in activity. The

final nedia consisted of the follow ng three

conponents: YE (O, CSL (D) and Tween80 (F). It was

not surprising to find thatlyeast extract was once

again one of the significant conponents. Tween80 has

emul sifying properties. The final 20 concentrations,
Tablem&6set in a 23 FFD design, was: YE 7.5 g.11, CSL 10

.2 -G 1-1 and Tween80. 2g. Gowth lititati,Qns_25 The. .sugar
2" FF WHR 9t CRIRF & AT EIPT ﬂ%ﬁ”@n‘ﬂ%g iy pEg 'tfefi‘d'r“éﬂ‘ﬁ'ﬁd‘””%

arter 20077/ 138 Ziinll-’bl/ B200/7051982 61 1-1
f er nent atj on- i
M@Eﬁi@@ of Gl 7T I B

' 2 of - —+—
1 nonoker sidgars pr@¥ent 23¥0e glucése- and frhlict §se af a
2 total cohcentraféiin o2>5@08831n. ¥H. Only l6bouts 5158%
3 of the tatjal sugeroqwasitgierefore in a fernentable

4 form and pot al bs ar ggHpr e netabolized during '
fermentatjon. A e e of fernmentation (constant
i g b56 ;

> D), the PH was an e residual sugars left were
68808 aBwh I2%0%hti 6% %ere due to | ow pH and not -
7 due 90 a Pack of12{i0 rog#d0 minerals, vitamins or any.
other nutrients, and Table 27 shows the carbon uptake
during, fernentation, 10. Table 27 Carbon. upt ake during
f er menfa@io¥fh FuRe WithcRline, nedisis VQI%E@é{lFe %%St%é;fbased
mediérblgdfl\/lﬁsgyiélldeﬁ%'irﬁﬁé}t witf kihetidd 2. 136 3.883 0.0 10
0.391 0.899 1.290 668 19 0.041 0.301 0.342 91.2
Accordingly, it i's evident that CSL supplenmented wth
YE coul d mat.ch high 15 peptide ST4SA | evel s obt ai ned
B?“’?f%@@%ﬁé’@@ﬁ&?nms broth. Advantageously, this has the
potential of significantly reducing costs associ at ed
wth cultivation nedia, CSL was selected as growth
medi umThercompositien &f Gpbduay ivery on sy assTasnit is a waste

product. A difference in composition has the potential of significantly affecting results.

This wasl investigated by performing the same experiments on a second_batch of CSL.
This time ANOVA analysis identified YE, CSL, Tween80, MnSQ4, and sodium acetate
as the components having the most significant effect on bacteriocin production (P <
0.1). Continued optimization showed that MnSO, was insignificant while sodium

acetate caused a decrease in activity.

' The final media consisted of the following three components: YE (C), CSL
(D) and Tween80 (F). It was not surprising to find that yeast extract was once again
one of the significant components. Tween80 has emulsifying properties. The final
concentrations, as set in a 2° FFD design, was: YE 7.5 g.I"1, CSL 10g.I" and Tween80
2g.™"

Growth limitations

The sugar content of the CSL medium was measured before and after
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Devel opnent of Enterococcus nundtii ST4SA into a
probiotic 20 An inportant criterion for the selection
w@Roopnadssoti ¢ strains is adhesion to epithel i BCT/B2A07051982

Probiotic bacteria may al so conpete w th pathogenic

bacteria for adhesion sites. Caco-2 cells, which

originate from human col on adenocarci noma, were used

as an in vitro nmodel to in®dstigate the adhesion and

conpetitive exclusion abilities 25 of E. nundtii

ST4SA to epithelial cells. The results are expressed
fermmatnm cAhtley staof ofaltnmeatatienc flawad mads hig t0| a@oucamiratlo

npundtii ST4SA and L. npbno P enes, Scott St
7.5 gdtﬂ ‘e t JRERE E‘%Ha’erb?‘y‘é?ﬁr%ﬂﬁﬁ)éﬁ? %W e‘aSW&gF%ﬁ‘“t‘d ‘M‘éb‘”" atat

conc%ﬁFano% &ed Bs3 %Tﬁeofi‘ﬂi,hﬁﬁbﬁ’m@%f’/ﬁof R elithi ﬁdﬁ&vé@%&@fore in a

wered to 1 when the incubation tinme was only 1 h.
fermeftaile fome ahdinosathgegans ware reetabpliagd d_xwry/f@ssse‘@tion At the end

ot oSBT, AR ke S LAt e 03

Growﬁﬁihﬁrtanér@s wiehe depi tohiel g a4l hat dttr@\l\@\aellack Bf nivogkn,i mBerals,
4SA did not have an effect or ti to adhesi on of

vntaans @b RSty othgs nariepis: tand Teble 6’4'7e§§0\6$ R etaEPNt Wetake during
was added before, during or after the
fermeﬁ'ﬁ%ﬁ%ﬂ;tl on wth the pathogen. In the exclusion and
di spl acenent tests, L. 5 nobnocytogenes Scott A showed
Tabl®¥yadhesi on. The conpetiti on test showed no
Carb&?'ﬂf@?&lﬂe %q hofRFmadi@shon as the percentage adhesion
ta ams as in the control Thi.s._can be
Tigepl ai n€ihcoye t he Faodtodehat Totalsugat i % Sughk®A and L.
[Apnocyt ogenes Scott g m ght hiMd t ofedinédtedent
beceptore‘”@ﬁ the eppifgelial cedgs. E. mgndtii ST4SA and

rmnoggélogenes %%t A woy Iéi)g therefpge, not
e
4

corrpet e siml ar eceptors nce of E.
Wundtii &pal ? | ammmat ory

drugs E. nundtii ST4SA showed resistance agai nst two

?rgtj: Eg%g@%|%‘1§ﬂﬁ§¥9ld8ﬂ@a¢¢ﬂsﬂé ﬁ@gg{/elﬂfed \Wtﬁrhﬁ%h%rﬁ‘latch high

e resul
peptidd® SASAslbois dbtalff@dblreccﬂﬂmemalll\bﬁiﬁtbmih Adtantabeously, this has the

potermien b B daR LRE,aSIAS SR B A UL RIS, CSL was
selec@%ﬁ lrowtﬂer];\@@hf(m fcﬁgﬁ?%h@ Jﬂ@@u&%necﬁff kiders TABA.

esi-on of 4SA Caco I's conpared to
the control. Adhesion decreased with 10%in 20 the
Dev ﬁgﬁf&%tﬁo&ﬁggﬁsr t’"nulﬁ%g Q'TLQQA oéBP ?ost}l ¢ syrup and

An important criterion for the selection of probiotic strains is adhesion to
epithelial cells. Probiotic bacteria may also compete with pathogenic bacteria for
adhesion sites. C'aco-z cells, which originate from human colon adenocarcinoma, were
used as an in vifro model to investigate the adhesion and competitive exclusion abilities
of E. mundtii ST4SA to epithelial cells.

The results are expressed as percentage of adherence compared to the
inoculum. E. mundtii STASA and L. monocyfogenes Scott A were able to adhere and
both showed 5% adhesion to the Caco-2 cells. The adhesion of £E. mundtii STASA was

lowered to 1% when the incubation time was only 1h. Food material stays in the smaill
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.concentration of Cefasyn, as may al so be seen in
Tabl e 29. WD 2007/ 138538 PCT/1B2007/ 051982 63 5
wa a7 a3 Medi canent Strain ST4SA | buprof en, BeIyIBR007051982

Aspirin, 5mglm + Pronoxil, 100nmg/m ++++ Ci padur,

50mg/ m +++ Cefasyn, 100ng/m - Roxi bidd, 30ng/m +++

Doxi mal, 20ng/m +++ G ploxx; 100nmy/mM + Wi n,

80ny/ M - Rheugesic, 4ng/ nZ Coxflam 1.5my/m -

K-fenak, 5nmg/ntl ++ Preflam 3ng/m + |bugesic. ++

Pynmed = no zones; + = dianeters between 1 nmand 11
intestima for2h anditlerefere svavdd akew sulficient time feBEnmyndti ST 4-to adhere to

meter,s pf 17 nm and nDEG, W0,.2007/ 138538 i i
the eFP’E*ﬁ"PB%t??F@%’P%E E. GANOHA R @ 2o N b‘%‘r’fé%t‘ Sdpptgnine a nesion

of L. I%Ef]! 9&8}?&} Qébtt AW@@&H%‘SHW%&QH& 6RAinvas allied before, during
padur” (5 ng/nm) 6 x 10 Roxibidd (10 ng/nl) 3 x 10

or after the incubation with the pathogen. In the exclusion and displacement tests, L.

monocyfogenes Scott A showed 5% adhesion. The competition test showed no -

competition for adhesion as the percentage adhesion stayed the same as in the control.

This can be explained by the factthat £. mundtii STASA and L. monocyfogenes Scott A

might bind to different receptors on the epithelial cell. E. mundtii STASA and L.

monocytogenes Scott A would, therefore, not compete for similar receptors.
Resistance of E. mundtii ST4 against antibiotics and anti-inflammatory drugs

E. mundtii ST4SA showed resistance against two antibiotics (Cefasyn and
Utin) and the inflammatory medicaments Rheugesic, Coxflam and Pynmed. The results
are shown in Table 28. Antibiotics with the greatest growth inhibition on E. mundtii
ST4SA are Promoxil, Cipadur, Roxibidd and Doximal.

- Promoxil, Doximal, Cefasyn and Utin had no effect on the adhesion of
ST4SA cells to Caco-2 cells compared to the control. Adhesion decreased with 10% in

the presence of Cipadur, Roxibudd and ibugestic syrup and 14% with a higher

concentration of Cefasyn, as may also be seen in Table 29.



Pronoxil (8 ng/m
Cefasyn (10 ng/ m

)
)

1.25 x 10 Doxi nal
1.2 x 104 Cefasyn (50 ng/m) 7 x
wao®7/18%s8% (8 ng/m) 4 x 10 Utin (40 nmg/m)

(2 ng/m) 1 x 10

- BERIB2007/051982

| bugestic syrup (100 1) 6 x 10 K-fenak (0.5 ng/l) 3 x

10 5 In vivo assessnent of the safety,
transl ocati on and survival,

bacteri al

toxicity,
i mmune

nodul ati on capacities and EBficacy of orall y

adm ni stered E. nund

with Lactovita. Aninmals
rats wei ghing between 150 g and 180 g were

tii
10 Thirty

ST4SA cells --

compari sons
six male Wstar
housed i n

groups of six in plastic cages with 12-hour I|ight/dark

cycle, in a controll
30).

Bact eri al

the opti cal

ed atnosphere

(tenperature 20

The animals were fed a standard diet and ad |ib.
strains and probiotic 15 E. nundtii
ST4SA was cultured in MRS Broth at 30C for

strain
18 hours;

density was adjusted to 1.8 at 600 nm

Cells were harvested by centrifugation and washed in
Tabl@QSnM phosphate buffer (pH 7.5). Washed cells were
mded T 100 v en at -80C and
MediGBHBRT Zod over ni ght STTH A0 SBaass
Ibud?@i@d BRAGIMMO51982  6b+efu/vial val yes were detern ned

by susnend|nn a give

N mass of__cell

Aspp‘lmﬁmgtml buf f er and

ipr ead pI ati ng

A

in 1 m of
dilutions on 1VIRS

SUT 1

Lyupnl I cetHs—were resuspended in
Pr°'§'Péf'r|1§5§‘laT'??.'m | k (1)6( hénd 2 x 108 cfu strain ST4SA
Cipddir, 5pfig/mlistered viadiatragasttic gavage. 5 Lactovita

capsules were enptied into a vial_and resuspended in
Cefaxtyar, 108mg/mim mi | k (16% and 2 x 108 cfu was
adm-nistered via-intragastri-e gavage. Listeria
ROXIRJHQCWU%W@S Scot t Aﬁés cultured|in BH I Broth at
[ Doxihl, Z0mgfnl +H+
Ciploxx, 100mg/mi +
Utin, 80mg/ml -
Rheugesic, 4mg/ml -
Coxflam, 1.5mg/ml -
K-fenak, 5mg/mil ++
Preflam, 3mg/ml +
Ibugesic. ++
Pynmed -

- = no zones; + = diameters between 1 mm and 11 mm; ++ = diameters batween 12 mm and 16 mm;

+++ = diameters of 17 mm and more.
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10 hours. Cells were harvested by centrifugati on and
washed in 20 mM phosphate buffer (pH 7.5). Wshed
w@e00743888% e resuspended in 100 nM sucrose, fr ORENIBA07/051982
--80C and |yophilized overnight. The. nunber of
cfu/vial was determ ned as described. above.
Lyophilised cells were resuspended in sterile skim
mlk (10% and 104 cfu wer&4 adninistered via
i ntragastric gavage. 15 Experinental design Two groups
of animals received strain ST4 via intragastric
gavage, two groups received Lactovita and the
Tablg29mi ni ng two control groups received water for 7 20

| Contrpﬁt ragastric gavage.

MedisaRegeut 1 ve days. On| danimsTashadedibnl groups) were
.. infected W

th lister|a nonocytogenes and one group
inocufurom each of the st r aﬁrx ®f4SA and Lactovita gr oups

Bnasvt Aacrenac s

i 4||U||Uby|. UQCIICD \A| d.
txl-lgms time the animals Al so

Cipadf¢s! g?ﬁﬂji mundtTT Bgrafgf STASA, Lactovita or water.
Probiotic or water ay 9
ROXIbaiw('i[Inglmy)en the cohBrol0 gr oups began presenting 25

p.qon was—athr-ri-stered vi a
t he groups. This| group

PrompHl PG & oavage 32510

DoxiMRS2TRgMmironi tor ed T or Xa1(§4eV| ation of synmptons.
Ani ma

were nonitored t of
Cefasyns(ﬂérmgém& Ani mal s| Tiex @0sacrificed on day 11

|| cont+ol L OUpROW—+ eceivi 17 E—nundtii
Cefa%’(nr@br{ng‘@’@ﬁST4SA) B[ 634! Gas sanpl ed fromthe rijght
Utin (‘8‘?1 %n’l?' e.

rotal bl opd \,cayfnts were determ ned by a
ol ogist |laboratory, a sanple of blood was

Utin (Aﬂangwnai) ed onto BH $8x D" rredl a and Li steria
sel-eeti-ve—agar—base—and—+-he clutm—was—determned.
Ibugesfig SieRAEY 2007/ 138368 PCT/ 1 B2007/ 051982 66

. and—endotoxhn {@vel s as wel' T as cytok| ne
Kfen%Fé{)%CrIgﬁﬂ | FN-a) | eve Ps were determ ned. The || ver,
spl een and sections of the gastrointestinal tract were
excised and fixed in formal dehyde prior to paraffin
enbeddi ng. 5 Sections were stained with henolysin and
In va%%st&%npbﬁhQ'sQ?tf%x;gfi’ 'ﬁéﬂ‘eﬁval fraﬁ d!oBQ%}JI %Al BuRk \F%I immune
anal cat ora mnistration o
modistica naﬁé’e‘#fﬁ@s afdesficenty mfeanaWy ddmiaisterstriucnundfi Sa484ecells -
to, the |l een or G T (see Figure 31). No
Comptﬁ”ﬁf)’é‘?&ﬁ@ésa%‘f’% observed between animals that had
been adm ni stered strain ST4SA and those recei vi ng
only unsuppl emented wat er.

Animals

Thirty six male Wistar rats weighing between 150 g and 180 g were
housed in groups of six in plastic cages with 12-hour light/dark cycle, in a controlied

atmosphere (temperature 20 £ 3°C). The animals were fed a standard diet and ad /ib.

Bacterial strains and probiotic

E. mundtii strain ST4SA was cultured in MRS Broth at 30°C for 18 hours;
the optical density ‘was adjusted to 1.8 at 600 nm. Cells were harvested by
centrifugation and washed in 20 mM phosphate buffer (pH 7.5). Washed cells were

resuspended in 100 mM sucrose, frozen at -80°C and lyophilized overnight.. The
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10 As described herein, the Enterococcus nundtfi
strain, ST4SA, isolated fromsoy bean extract, has
whe®n/1885ed by the Applicant to produce a usefBRCT/IB2007/051982

anti bacterial peptide, peptide ST4SA, which is active

agai nst a nunber of pathogenic organisns such as

those isolated from human m ddl e-ear infections and

the human 15 intestine. Ad@ant ageously, peptide ST4SA

is not cytotoxic. The Enterococcus nundtii ST4SA

strain has been distinguished by the Applicant from
cfu/walt tr@iuestwemendetefmmednhmdiuspendytgsagveﬁ enagsohtcets in 1 mi of

bi,ochem cal tests, the presence, slls

F’“OSFH’fat?\HH eb?ﬁ%ﬁ?&%act B‘éﬂ%ﬂi”%’f&’ %’S*IVH’SA?)’“” Dfgia Rpiguced osis
were 980 peNdBETiHSALriice BRIAF MK (FABESham o 10Pteststiam STASA was

epithelial cells and nucus. Peptide ST4SA has been
admirgsterdd ¢a iafiagagirie ggu@dfsed, and contains two |arge

hydr ophobi ¢ regi ons. The Applicant has isolated and

sequenced the nucleic acid sequence encodi ng peptide

STASA, Lasiovied ba;@@ulé@&ler@@m;ﬁlsd it d idqumenesuepsadidin sterile

t he transport of ;pepti de STASA across the cell -
skim mdlkthi Qe andid ¥ A0sefl was pgminipigeed VisnHpegsttie gpMage.

producer cell against its own peptide. Al latter

genes are | ocated on the genone, since curing of the

st r ai nLferiaraodbcytbgsmOScat A wast clleaed roBHOBoth@mt 37°C for 18

hourstaﬁllgﬁé[gﬁqqr&%sa’}%é Ib\glctg\p/trg Fg%art%e A e’%@%{:@[ﬁf %mééj@wa% buffer
(pH 7B)] MRIShEARRE ludrB oS REidMAin 11000 BRftbLACToZIASA80°C and

prioducer, which is further evidence that the genes are
lyophiliaed IcnfeaMght omhermumipéraghéfodiiallwas deteraingdviag rassicabed above.

activity after treati t he tide wi t ol yt{4C
Lyopifisarhioele Siare resliSBhde WL SUBIR AT ik JgB°0 SR 40" ofu were
admnﬂ%édjelaslhfrﬁgéﬁhé g@OQgé‘Ot l'i pids or 30 carbohydrates
linked to the nolecule. Surprisingly, the peptide

remai ned active after 30 nmin of incubation in buffers

bet 2 0 and 12.0, and after 90 m n at 100C.
Expe gﬁ’%ﬁ%g surprisingly, treatnent with EDTA, SDS,

Tween 20, Tween 80 and Triton X-100 WD 2007/ 138538

PCT/ | B2QR74r8ap9 82 anfraldirecdigdd beak $P4 WRsHtraBastric gavage, two
antimcrobial activity. Strain ST4SA survives | ow pH

groupsoiegetvied lsacteiitazars) thegiesiaining tm@ommﬁcvégmmser@f:ﬁmmwer for 7

consdh 48 oOrf gy Ry B Bl LS hershitekpa with Listeria

mondclrwrd‘g%-neaam bne® rcﬁxpr b SAhSAS theasttais Sau SkO&nd &bbfmﬁtgf@mups
and at 45C, with optimal growh at 37C.

was gl(s@)tm}ésterchmthcf- ABPgOPEOgRIRR IV BIINTREASHE [RS8 S- vhbﬁ“és time the
ammgig gé eﬁ:@ﬂfa@% eﬁ?bf?&i&{%‘frmgzzléﬁp L defa %@ ARk Probiatic or water

on of even when the strai
was aimmmdreﬁcamw oﬁ@mmmi 181 Kelssn the control groups began presentlng
symptoms, £. mundftii strain ST4SA was administered via intragastric gavage to one of

the groups. This group was then monitored for alleviation of symptoms.

Animals were monitored twice daily for symptoms of listeriosis. Animals
were sacrificed on day 11 (except the control group now receiving E. mundtii strain
ST4SA). Blood was sampled from the right ventricle. Total blood counts were
determined by a pathologist laboratory, a sample of blood was inoculated_ onto BHi solid

media and Listeria selective agar base and the cfu/mi was determined. Plasma was
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the fact that the peptide is non-cytotoxic, and that
it is produced by an organismwith GRAS (generally
WO eansksaB as safe) status, renders the strai n BCTUBRDU051982

probiotic. 10 The peptide al so has use as an

antimcrobial agent in a liquid fornmulation, as a

topical treatnment for, for exanple, mddle-ear

i nfections. This I|qU|d f oBRul at i on may be applied to

the ear using an ear drop applicator. The liquid

formulation is-also included in a liquid formof the
coueqmed)tarmt eadofoxiEntevetc eéscwell mm dyiokirfeo £ ILefs @ngls IFNA) davels were

doter T ¢ Fe By =B e SrolEmiane Apoentig’ gpdtWeencised
and fRe@iik fdrathidaHydlel gtict 1O popdffis Rhfdeddmg.treatnent in, for
exarrpl e, sinus infections or sinusitis. The peptl de
is also used as an antim crobl al agent encapsulated in

?orpmt gggg%?nﬁ\p%%tsqglh{\éﬂwit H iR &E@nuﬁ%%g%%{n ﬂ)rfh%tg%bﬂ:tdi SRalysis.

The te¢aspke, arﬁ:kb@srh ra‘n@ojsns)m;cawd lthatn:'ﬂal ddmingstehtibarof strain ST4SA
i ncor poration npl ants such as,

doesgwpbwtgn 363{ sv'ewtuwa#éarrﬁ@ﬁéplt%"veﬁ %@%ﬂoaéﬁ&eﬁg@gmﬁ@) No
differEREEP %&Ibgt%etelﬁearﬁm |sthat Bxlﬁ rpsc%ﬁrﬁﬁeréa é;tFkﬁn ST4SA
poymsr eas 0 a slow release o e antim crobi al
and thegs retehang oaly wwuppiedernded iveadenf treatnent of a
m crobial infection. The peptide also finds use as an
anti m crobial agent by being incorporated into
O Nt MBNs, ddLibeA hePbins E@%té@&&&@tmgﬁ&u@%wwsm isolated
treat infections. The peptide nay al so further be used
from asoyarbeaanextmai,r hiasabeag elotindy by ethagApplieany oicapeerivyast @ useful

anco S bBD TR e, KOl GABBBI a0 lqpomenic

orgarfiSfsastichl @é‘ﬁ\%‘éetl&ﬁﬁﬁ,@ &% hunhBe rpiegic-cer iFRctishs @anlighe human
used as an antim crobi al gent by bei ng mcorporat ed

intesting.oAdyrivRageusly. Pepbde 8 T4k is nad cylodee.cl he bpleyreogeys mundtii
ST4$/S§ rrﬁzﬂ%gsﬁ#f\g $isﬁrﬁl%tﬁlglﬁ€% frJ] Iﬂ@%ﬁ?ﬁl@deﬂ\g froH‘oth%P sﬁ%fﬁ@ of £ mundiii

by s@%r Pernterhtion Rezpaidns s echibenadd Itmhlham:t‘:a{désfénttmr pmesenus of two
mundtii_in a tablet formor in a capsule f
plasaemaS TASA T 4 BOTHISAZ) 0sRdsAciNiade desie Ladhoi&sAl, encoding
soneB S B R AL TR BA e
sequeAdEd; dntilectRZids twoba@erﬂwckuplumblt rdgiSngetbegfppkeast has isolated
and q;SeEEg%qqlg[e)dzt F@é\%;@gggga $ nce encoéAng pWA ag well as the
nucleic acid seguence encoding the transport of peptade STASA across the cell
membrane, which serves fo render immunity to the producer cell against its own |
peptide. All latter genes are located on the genome, since curing of the strain of its
plasmids did not lead to loss in antimicrobial activity. Furthermore, transformation of the
plasmids to a strain of Enterococcus faecalis did not convert the recipient into a peptide
ST4SA producer, which is further evidence that the genes are not located on the
plasmids. Loss in antimicrobial activity after tréating the peptide with proteolytic

enzymes confirmed that the activity is due to the peptide structure and not lipids or

_ carbohydrates linked to the mole_cuie; Surprisingly, the peptide remained active after 30

min of incubation in buffers between pH 2.0 and 12.0, and after 90 min at 100°C. Even
more surprisingly, treatment with EDTA, SDS, Tween 20, Tween 80 and Triton X-100
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10 GACGGGECGGIGIGTAC Ent erococcus nundtii strain ST4SA
(ATCC PTA-7278) structural gene prinmers SEQ |ID.
wWOEN03/139588 war d pri ner SG a: TGAGAGAAGGT TTAAGT THUTABR@NA51982
15 SEQ ID. NO 4. Reverse prinmer SGb:
TCCACTGAAATCCATGAATGA Ent erococcus nmundtii strain :
ST4SA (ATCC PTA-7278) ABC transporter gene priners 20
SEQ ID. NO 5: Forward prPfer ABCl-a:
TGATGGATTTCAGIGGAAGT SEQ | D. NO. 6: Reverse priner

ABCI - b: ATCTCTTCTCCGTTTAATCG 25 358 | D.

did ncndeamcmIq@smrrentlrrmmtahact@ﬁmﬁt@rrr@ﬂ mas\%@pH gpnditions
. . _8: Rever @gznb d ETAGATACGIATCANSTOL 0o
(pH 233 8?%%‘0'&‘&158% ﬂ‘t”luF“’é‘t r“é{f ' STASK TATCE PTATT278) ¥ 70 oh

and lé PEBidthAdtodB 0% M/%i_)‘fﬁllésaiﬁﬁﬁ?ad b&hcidatic Liicd-0Grawth @ff dtragm ST4SA
| mmun- a: TTCCTGATGAACAAGAACTC 35 SEQ ID. NO

oooumslASE (pitan Siowhib A T COTNEARBORNII A 358 sBoly L+-

lactic alald lggro%iﬁ%gr%ﬁg%%%) ‘?’g%%‘ rgnﬂglrno aSF&EFI e Sr'?RE and stable

prod M@ﬁ@ﬁﬁéﬁ@éﬁmmmmmmﬁemmmmmss

the fapt EAAR RRPHOT TCDRARITNA GNP BRI RSO rgauiem Wit
GRA g@ﬁeéﬁ@r udSePde sjs%fé:)"#é( 8Pk rentostesinyuseful prlobzotlc

er ococc PTA-7278) anti m crobi
pepti de ST4SA 50

MBQVVGEHKY YENRIS GG B &ﬂlrﬁlkﬂkﬁﬁm\ﬁg&mmﬁformulation
as a ‘E?)%%al Itrgatnqke)nt fo% for example, middle-ear infections. This liquid formulation
may be applied to the ear using an ear drop applicator. The liquid formulation is also
included in a liquid form of the probiotic of Enterococcus mundtii for use as a liquid
supplement to meals. The peptide further finds use as an antimicrobial agent in either a.
liquid or aspirated form in a nasal spray for treatment in, for example, sinus infections or
sinusitis. The peptide is also used as an antimicrobial agent encapsulated in a polymer.
This polymer is then used in a formulation for topical treatment of infections such as,
for example, skin infections, or it may be used for incorporation in implants such as, for
'example, ear grommets, or for incorporation in wound dressings. The encapsulation of -
the antimicrobial peptide in the polymer leads to a siow release of the antimicrobial
peptide and an_extended period of treatment of a microbial infection. The peptide also

finds use as an antimicrobial agent by being incorporated into ointment, lotion, or cream

- formulations and used {o treat infections. The peptide may also further be used as an

antimicrobial agent by being incorporated into liquid formulations such as, for exampie, -
contact lens rinsing fluid, or it may be incorporated into the contact lenses themselves.
The peptide may also be used as an antimicrobial agent by being incorporated into
packaging meterial such as plastic, for use in the manufacture of aseptic packaging. In
an even further form of the invention the peptide may be used as part of a broad-
spectrum probiotic of Enterococcus mundtii in a tablet form or in a capsule form or it

may be in an edible form such as, for example, a sweet or chewing gum.
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55 Pol ynucl eoti de encodi ng Ent erococcus nmundtii ST4SA
(ATCC PTA-7278) ABC transporter gene
WOATBCASBATCATTTTAAATAATTTTCATTCATGGAT T TCAGT GGAARTIVIBRAGTHA1982
GACTTAACTGAAACCGATTCTGAAGGTACCTGTGCATTAG
GTATAGT TAACGGATTTGCTAAATTAGGAATAAATTGTGAAGCCTATAAAGCTA
ATAGTGATGTATGGAAAGAAAATGAGT TCAATTATCCCGT _
AATTGCTAATATAGT AACGAATAATCRATTTCTTCATTATTGTATTGTATATGG
TGTGAAAAAAGAGAAATTGTTAATAGCTGACCCTGCGATT
GGAAAATACAAAGAATCAATAGAAAAGT TCAACAACAAATGGACTGGTGT TATT
SEQUENREIMBENIGGAAAAGACT CCTGATTTCCAACCCATAAATA 60
ATACAAAAAAAAGTTTTTTTTCTTCAATAAGT TTATTAAAAGATCAATATAAAA
AAATTTTATTGGTGATATTATCTTCATTAATAATAACAAT . )
Enterop gaouSap ekt A RS TACT A PTA-T ACR AP PIARAT AR T BB MRS
SEQ @ A CT rIITT.T A,QATCT ATTTATGATATC- AATTAGC WO
120071 1 3B S8 U HEN )Y B2007/ 051982 69
ARCCACT AT ATCATAGCCAT TTTTATAACAAGTATATTTGAAATTACCAGAAGATATAAT
TTAGAAAAGCTAGGACAAGATGTAGGTAGAAGCATTTTAT '
SEQ. IDTROAZE REFIAEPADAT ATTTTCATTTTACCAGCTTCCTTTTTTTCTAAAAGAA

- CRCCCERARCTBAGATATTGTCTCTAGATTTTCTGATGCTAATAA

e AU s oL o

SEQ. -par GTTAAGTTCTATTCCATTTTATATACTAATTATATTA
T GGATCAAATAAAAAAAT GAGT CGATTAAACGGAGAAGAGA 5

SEQ. [DOTDANBRAAEE BAREAGT TGATTCTAATTTTATTGAAGGAT TAAACGGAATAT
s6-bt P ACTATARAREIACT TTGTAGTGAGAATAAGATTGTAAA

TCAAATATATAGA gﬁ]’ﬁ@ﬁﬂ}:ﬁ l%%g@gw@%ﬁgm
Entergcoceys fnynda ; TCCPTA-7278) F ne prinie
SE?.I N j ‘eep-

ABCl-a%

(okabedardat [ TTGTATTATGCCTTGGT TCGTATTATGT TATCAATGGA

GAAATTACAATAGGAGAACTAATAACTTTCAATTCATTAT '

SEQ. IOTRUAG: REVaTsd CMEACCT CTACAAAATATAATAAATCTACAAGAAAAATTCC

RECLDA ARARACCACAAGT TGCAAATAAT CGGCT TAACGATGTATT

SEQ IMM; TAAAGACAAGI TTATTCATTTGGCTAAATTAACTGA

ABC2-ah TTGAAAATGTATATTTTAGITAT 10
TCTACTAAATATCCTAATGTGT TAGATAATATGAGI TTTTCTCTACCTGT GAGT

SEQ. IDARDAT: REASEARATMANAGGT GATAGT GGT GCTGGGAAAT

A AR T TAGCACAACT TCTAGCTGGAT TTTACTCTCCAGATAATGGAAGAATTT

DAY AAETATTTTTAGGT TTAGAAAGTATTCCT
GATGAACAAGAACT CGAAAAAGT ACTGAAAGATACTTGTTTATGGAGTTATATT
SEQ. IRCNOCICBPGIFERMOSACT TGATACGTATCTAGAAGAAA
R Y S S GAA T T AT CAGGT GGTCAAAAGCAAAGAATTGCTTTAGCAAGAGTTT
TATTATTAGGAAGTAAAATTTTATTATTAGATGAAGCTAC 15
SEQ. [BAFBCHT CTAGATTCTAAAACT GAAATGCTGATTTTAGAAAAATTATTAAAGTA

Polyn{a&tedtityd bAGSH fhSESAUATMEET BAT ARTRARADARtimicrobial peptide STASA
TTAATAGACAAGIGTGACTTAATCATTGATTTAGACGA. MCGGGATTCATAA

pEe o s e o X i e Lo e B Lot o o oo

Ent erococcus nundtii ST4SA (ATCC PTA-7278) ABC
transporter gene .

. SEQ. ENNFHSW SVEVLRDLTETDSEGTCALG VNGEAKLG NCEAYKANSDV\W

Polypeptidie Erenad Ay quﬁm[&-mb@nﬁmicmbial peptide ST4SA
usovvdKYKESERKENNKME GV daMARKCTRIDEGR NNTKKSFFSSI SLLKDQYKKI LLV

I LSSLITTI I A LSSYYFRI LI DAL.LPEKDFLNLFM SI S

Yl | G FI TSTFETTRRYNLEKLGQDVGRSI LFKYLFHI FI LPASFFSKRKTGDI
SEQ. iBSRPSHANKI | EALASFTI SI FLDLSSVI WG | LI NLNK _25
Polyngglentide eqcpding FrierqceasmR MR NS RI<E DDANET SEAPNE2pepugr gene
aracada DENKL VNG YRS MKEERYSEHSBNMYBSH d: QN K dr M Se c oA TTCTCARGETACCTETECATTAS

GTATAGTTAACGGATTTGCTAAATTAGGARTAARTTGTCAAGCCTATARAGC TAATAGTGATCTATGGARAAGRAAATGAGTTCAATTATCCCET
AATTGCTAATATAGTARCGARTARTCRATTTCTTCATTATTGTAT TGTATAT GGTGTGAAARARGAGRAATTGT TAATAGCTGACCCTGCGATT
GGARAATACARAAGAATCARTAGARRAGTTCAACAACARATGGACTGGTGTTATTTTAGTTGCTGARRAGACTCCTGATTTCCARCCCATARATA
ATACARRAAABAGTTTTTTTTCTTCAATAAGT TTATTARARAGATCAATATARARRAATTTTATTGCTGATATTATCTTCATTAATAATAACAAT
TATAGGAATACTATCAAGT TACTAT T TTAGRATTTTAATAGAT TGGTTACTTCCTGARARAGACTTTTTARATCTATTTATGATATCARTTAGC
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LLTSAFVLW.GSYYVI NGEI TI GELI TFNSLSI FFSTPLQNI | NLQEKFQKAQV
ANNRL NDVFSI NNENKDKFI ELAKL TEKATI TFENVYFSY
WETHYRMFBDNVEFSLPVSKNI G KGDSGAGKSTLAQL LAGFYSPDNCGRIB2DHNEARD! 982
NI ENI NRKDLRKLI TYVPQESFI MSGTI KDNLFLGLESI P
DEQEL EKVLKDTCLWSYTTAPPLGLDTYL EENGANL SGGQKQRI ALARVLLLGS
Kl LLLDEATSALDSKTEM.I LEKLLKYPNKSI | M SHNDK
LI DKCDLI | DLDERDS 30 SEQ 168 NO. 15 Pol ynucl eot'i de
encodi ng Enterococcus mundtii ST4SA (ATCC PTA-7278)

TATAT S REAR A A TTTT.
TrARA TR A LAY ECimuR v A COTANAAANGEAGAE rrarns
AATTAT@E@QTT’E#G’ETAQ@E@QATH%\TTA@TWT@A@G{@@@A@N?E@GGGATTATATTGATCAATATTAATAAA

e Ak AR AR e e b AR A LA C T AT ARRRGT EGRARR e

TCAMTA@EWM@ETWTW@EAA@T@@EA@%HCAAATTAAAAATTTTGGTTTCT

S?ETW@W%T eije RRARATCR rorarr
TTCTATARR ﬁMMWMTWATﬁWTTACW@GMTGTMATTTTAGTTAT
P (LN A STy e o R e S oy ol e T Ml S e e [ o it e
TTTACCEREEEOCOCE USSR i TSI SAGHs ATl TTATTTTTAGGTTTAGRARGTATTCCT
RN R SEEPRRIRY TR B GRS R et
cacrecVEh Ml riviN - Bdr SMNAI TS DEV S ANENQSIKKETKEeL 128t 2 SNErn T DraREGY c MEY 2aTGATARR

TIRRTES O L 3B SR8 -PET T BYOO M 051982 70 CLAIM5S 1. An

i sol ated peptide selected fromthe group including: 5
SEQ.BERD. 1. NO. 12; a fragnent thereof having
Polypeptide wneq@lmbalEnaquppvs/mumw STHIA G CATA- K?é’{fh ARG transporter gene

MQMILh&h@tﬁl@ﬁ@LRﬁ@WDQﬁT@ﬂ&bm&hﬁME@JKAL@%kE\@E&%ﬁIA@ﬁV@bﬁﬂic&MG\fRKEKLLIADPAI
SRrE D DENET BTG PO ST ES6 Sty OFLY HAVIL G CAE T A IG OOl PR PFLNLENISTS

‘dxgrer TIT
oLrir 186k bV 1§ MeorxatBidnd B 5B GHENER S Eém@m&ﬁgéyil‘ﬁ&% éﬁ&iﬁﬁ?’é“ﬁ%ﬁﬁiﬁé
PR A e R R ”cx%m R F e DT FLCLES P
e e, AN FrD e B RCAE] ok CHONGR o erloh MY 2 o2x 17 D 14 éﬁk@ﬁ%{é Pk T8 st
wrorciofiogE®mem 1 wherein said peptide conprises an am no

acid sequence having nore than about 85% honol ogy to

sai d isolated peptide. 15 3. The isolated peptide of

SEQ. 1. NPn#5L wher ei n sai d peptide conprises an am no acid
Polynucleotide encoding Enterococcus mundtii STASA (ATCC PTA-7278) immunity gene

ATGAGTRATTTABAGTGGTTTTCTGGTGGAGACGATCGACGTARAAARAGCAGAAGT GATTATTACTGAATTAT TAGATGATTTAGAGATAGATC
TTGGAAATGAATCTCTTCGARAAGTATTAGGCTCCTATCTTGAARAGTTGARAAATGAAGGAACT TCAGTTCCATTAGTTTTAAGTCGTATGAA
TATAGAGATATCTAATGCAATARAARRAGACGGETGTATCGT TARATGARRATCAATCTAARARATTARAAGRACTCATATCTATATCTAATATT
AGATATGGATATTAG

SEQ. ID. NO. 16
Polypeptide encoded by Enterccoccus mundtii ST4SA immunity gene

MSNLKWFSGGDDRRKKAEVIITELLDDLEIDLGNESLRKVLGSYLEKLKNEGTSVPLVLSRMNIEISNAIKKDGVSLNENQSKKLKELISISNI
RYGY -



sequence having nore than about 95% honol ogy to said

i sol ated peptide. 4. An isolated nucl eoti de sequence
w@owpnsssssg: 20 SEQ ID. NO 11; the conpl enePE€T/1B2007/051982

thereof; a fragnent thereof capable of producing,

foll owi ng expression thereof, a peptide having

antimcrobial activity; or nucleotide sequences which

hybri di ze under strict hybrfdi zation conditions 25

thereto. 5. A reconbinant plasm d adapted for

transformation of a mcrobial host cell, said plasmd

CLAIM&Emprising a plasm d vector into which a nucl eotide
sequence which codes for the antinicrobial peptide of
claim1l has been inserted. 30 6. A transforned
m crobial cel|l which includes a reconbj nant plasmd,

1. s&ndsprtashpeptidesiested dpna the amipdnGleing: i nto which a
nucl eotd [@e%gn&e whi ch codes for WO 2007/ 138538
PCT/ I B /05 2771 the antimcrobial peptide as
cl ai ned fragremtithedeof havipgemtimismbiat dictivity; A

substantially pure culture of Enterococcus .nmundtii.
Strai TGN ATBSEEENENERSOR o RS o By

assi gn P 7 : _ o
or odu C?ﬁ\éagg@f?%%ﬁué_?ﬁg? coR&rtts HerBbEhSARGRhEmRirobial activity; |

In a recoverable quantity upon
fernmentadi on in a nutrient nedi um cont ai ni ng
assim labl e sources of capbon, nj gen nd . . i
nor garr s tavdas Moré Yl Pl 2673 RO YRRy g anid agpine acid
of a pephiiciceasuth d3kiBEhdds KA vahdaAtimibIsiBI SQIRY] ses
10 cultivating Enterococcus nundtii strain ST4SA in a
nutrient nedi umunder mcro- arophilic conditions at a
t [ £ . he - 1t , . ;
2. SEBTRFLN o SRncktor R, WAt peBe boBarisgnan amino acid
sequésENaving oncraitbam apbuti8s % honidlegp tesasldsciated paptide.
wherein the cultivation occurs at a tenperature of
about 15 37C. 10. The process as clained in claim38

I s e e e T

- sequshaepavingrwre thae abeut 95Eyhqoaidgy fo MR8 ibolated, pgpdmiet

extract; and nol asses. :

4, An isolated nucleotide sequence comprising:
SEQ. ID. NOC. 11;
the complement thereof;
a fragment thereof capable of producing, following expression thereof, a
peptide having antimicrobial activity; or
nucleotide sequences which hybridize under strict hybridization conditions

7 thereto.

5. A recombinant plasmid adapted for transformation of a microbial host cell, said
plasmid comprising a plasmid vector into which a nucleotide sequence which

codes for the antimicrobial peptide of claim 1 has been inserted.

6. A transformed microbial cell which includes a recombinant plasmid, said plasmid

comprising a plasmid vector into which a nucleotide sequence which codes for
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11.

12.

13.

20 11. The process as clainmed in claim210, wherein the
nutrient nmediumis MRS broth containing 10 to 20 g/l

WE2MPOBsahd/ or 15.0 to 20.0 g/l fructose. 12. PCHER20@H051982

of treating a bacterial infection in an animl or

human, the nethod 25 including the step of exposing

an infected area of the animal or hunman to a

subst ance or conposition ifddluding a therapeutically
effective anount of a cultured Enterococcus nundtii

strain as clained in claim?7; and/or an antim crobi al

pthe antenesolnblagpepdidei as dhigiad b, claith 1hasTeemipsaided.as

clainmed in claim 12, wherein the cultured strain is
included in a concentration of approximately 106 to

10 pkth r{ti‘éﬂ%gﬂbé SRS BREMBIICOLCREMURLIT SYEIROTFSA a§§§§ted with
PCT/ 1 B2007/ 051982 72 14. The nethod as cl ai ned

ctrm ATEL widarcthe assigrad hurmersiPTar 248 sarélcwéte icapable of

c&cﬁr@})eﬁfdé) iﬁ( r?en?%cg%g%aéqg lo?a%tlérc 8{%89%%%%9& in a

Chatr@ﬁ %eﬂ@ni‘bormﬁiﬁrr@l astiflaprptsodecdss of 5carlfi@:h Judicbgem, and
a_concentration of approximtely 100 000 AU to 300 000
ADOsgRNIGISUDStBRCEShe et hod as claimed in clai m 15,

wherein the peptide is included in a concentration of

200 000 AUM . 10 17. Use of a therapeutically
eAfmotesefontreumriodattidref apeptiteend dainerdinataios!, which comprises

AV A s R 1S R et i
bé%;ﬂ{ll loohBfiBRE | &Nal Bnibrafird Bt Bét\AFEé'FPWO"éSandJ% &s until a

clainmed in cftalm 17, wherein the cultured strain i s
adpiaviesahde egiantityzof sl pepticenisraodered fandoecoverirgosaid peptide.
ofu/m. 19.. Use as clained in claim 18, wherein the
cultured strain is admnistered in a concentration of

1§8eGfroteds of2fairPs wHefeif theclinestanesddueabi é{teﬁﬁf)@@tur‘éﬂaf about

anmount of the antimcrobial peptide as clained in
cBdin 1 in the manufacture of a medicanent for use in
a nethod of treating a bacterial infection in an

ani mal or human. 21. Use as clainmed in any claim 20,

WTeleghractse ap epiiindd inlfeng or siadmed] winerein #f2 nutrient medium is
concent rati on of 100 000 AU nm to 300 000 AU m . 22.
uselegtedirammsty ¢ne @i ofdhe graieingluding: sept $tgep |“€U°r cheese

2HN PRI S IMRE Broth; yeast extract; and molasses.

The process as claimed in claim 10, wherein the nufrient medium is MRS broth
containing 10 to 20 g/l Kz2HPO, and/or 15.0 to 20.0 g/l fructose.

A method of treating a bacterial infection in an animal or human, the method
including the step of exposing an infected area of the animal or human to a
substance or composition including a therapeutically effective amount of:

a cultured Enferococcus mundtii strain as claimed in claim 7; and/or

an antimicrobial peptide as claimed in claim 1.

The method as claimed in claim 12, wherein the cultured strain is included in a

concentration of approximately 10° to 10° ofu (colony forming units) per ml.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

concentration of 200 000 AU m . 30 23. A substance or
conposition for use in a nethod of treating a

whawrasssad infection in an aninal or hunan, SBCTIB2007/051982

substance or conposition conprising the cultured

Ent erococcus nundfii strain as clained in claim7, and
sai d nethod conprising WO 2007/ 138538

PCT/ | B2007/ 051982 73 adni féstering a therapeutically
effective anmount of the substance or conposition to

the animal or human. 24. The substance or conposition
aFhelnagthved aisrclaihraidnin23imihe rvefareirhidyecan ok sitrain nammluoﬁed ina
is adm,nistered in.a concentration of 106 to 109 cfu
pEPNGRNTra}iEN Of RRPLYHTALHE Y §u é%%’&%ﬁ'“m&’ﬁs HE“%’I RETHEH i n
claim 24, wherein the cultured strain is admnistered

in a cohcentration of 108 cfu/m . 10 26. A substance

o heangibedtdsoelaineed irseny png ofsldios 2 ta Adawhateia the peptide is

< G Flalh o Ehlsalion PEaiaRBiAEL i AIRD G0y per m.

peptide as clained in claiml1, and said nethod
conprising admnmnisteri ng a therapeutically effective

aﬁbanmethoot Re dabrdiitslam danphsreinothe peblidr imiichaged in a
tance or composition as
F‘]‘]tlo}'éf%lbr%%fl\%lfel n the isolated peptide is
adm ni stered in a concentration of 100 000 AU N to

300 000 AU m The. substance or c QS on as

clﬂiﬁr&f@ ﬁhﬁr%q%t!ﬁﬁ'iweﬁ%ﬂe@earﬂoww t@%FHE&?ﬁfd %BWSPPH%”’””O'W
! étré%”éé‘ LREREE I Il ﬁﬂpﬂ@ﬁ{aﬂhfﬁu@f %ﬂ@anﬁé%mcr use in a

29. The substance or conposition as c alnmed 1 n any one

ofnathad b tragting a 2@ctetad indéctiont ihearsamistad e buman.

conposition is in the formof a liquid formul ation,

ointnment fornulation, lotion formulation, cream

f Qfs'éuésabla‘i}ﬁed g8 lcidifr mal @héfé‘n thé @UitGheBPE@Yin is ZBministered in a
| yophilized powder, |yophilized spray, nouth wash, or

g&pgeentraion of K\ite 118 ele/rok conposition as claimed in

any one of clains 23 to 29, wherein the bacteri al
infection is an infection caused by any one or nore

ofUse é’@blﬁﬂh@baﬁtcﬂﬁ:bﬁ%ﬁwhérelﬂﬁm lcultSregiestesln ;is administered in a

Costridiumtyrqbutyricum Enterobacter 30 cloacae;
ESeReREHIoR @(ﬂlq .cf Fﬂb5| el | a pneunoni ae; Listeria
i nnocua; Pseudononas ar ugi nosa; Staphyl ococcus
aur eus; Staphyl ococcus canosus;
Use of a therapeutically effective amount of the antimicrobial peptide as claimed

in claim 1 in the manufacture of a medicament for use in a method of treating a

bacterial infection in an animal or human.

Use as claimed in any élaim 20, wherein the peptide is administered in a
concentration of 100 000 AU/ml to 300 000 AU/ml.

Use as claimed in claim 20, wherein the peptide is administered in a
concentration of 200 000 AU/ml.

A substance or composition for use in a method of treating a bacterial infection
in an animal or human, said substance or composition comprising the cultured

Enterococcus mundtii strain as claimed in claim 7, and said method comprising
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Streptococcus caprinus; Streptococcus (Enterococcus)
faecalls; or WD 2007/ 138538 PCT/ | B2007/ 051982 74

w@eaepssssoccus pneunoni ae. 31. A net hod of i nhP@i/IB20¢7/051982

24.

25.

26.

27.

28.

29.

30.

growt h of bacterial species, the nmethod including the

step of exposing bacterial species to an effective

anount of the antimcrobial peptide 5 as clained in

claim1. 32. The nmethod as /@ ai ned in claim 31,

wherein the bacterial species are exposed to the

antim crobial peptide at a concentration of 100 000 to

3@drr0:®ieteﬂfj/gra thetapeddicalfheffemive acthaumt of thesebstance bacomposition
wherein the bacterial species are exposed to the

aﬁ? 6 @RiBHAT 8f NHEA'S de at a concentration of 200 000

AU M. 34. The nethod as clained in claim19 wherein

the bacterial species is selected fromthe group

| Adesdibstance®r sempesdioaasaiamadkin claim Bacwheign hercaityred straln

AU AT Mg oo BB e KR AT B per Py

i nnocua; Pseudonobnas arugi nosa; Staphyl ococcus
aur eus; Staphyl ococcus carnosus;. Streptococcus

o A SHPSTANSE Ok GPERGSIRS ASHaIE1esHD SIAIE P4t Wheit Bie agfred strain
S‘ié? lté\%&%?%qsmpé'@&ﬁ%m ion<df 188 Cflyﬁﬁ. of the isolated

pep e as ainmed 1n a| m 1 manuf acture of an
antim crobial agent in the formof a liquid, ointnent,

| opirite oS apo Rl iaaoh 2 Bl teatis adpctesi) infection
Ofln the 4SRlaRt§d Rkl d8aiaSsGhRbABd oM cShﬁ)‘omtlbn' EoHE)‘ﬁsmg the

manufacture of an antimcrobial spray for treatnent
ofansnrma:r@blahf;mntldena$ claimesi m s,lamwmands saldomsithod tdagmprising

f ‘ ”
 reohrne PRl i Bl Y siPreposer pqmpositon
[ qglﬂﬁg af8ima@r peridrde as cl ai rred [ n claim1. 38. The
pol ynmer as clainmed in claim37, having included

therein the isol ated pepti de WO 2007/ 138538

Eg'g{e:)g%@%%él%—’ %)? %%gg{?%g%l %\%ﬁ@h%d' B Qafn?Pe® WHedbinCfheOkolated

peptide is administered in a concentration of 100 000 AU/mi to 300 000 AU/ml.

The substance or composition as claimed in claim 27, wherein the isolated

peptide is administered in a concentration of 200 000 AU/ml.

The substance or composition as claimed in any one of claims 23 to 28, wherein
the substance or composition is in the form of a liquid formulation, ointment
forrulation, lotion formulation, cream formulation, gel formulation, liquid spray,

lyophilized powder Iyophllized spray, mouth wash, or gargle

A substance or composi{ion as claimed in any one of claims 23 to 29, wherein
the bacterial infection is an infection caused by any one or more of:
Acinetobacter baumanii; Bacillus cereus; Clostridium tyrobutyricum; Enterobacter
cloacae; Escherichia coli Klebsiella pneumoniae; Listeria innocua;
Pseudomonas aruginosa; Staphylococcus aureus; Staphylococcus carnosus;

Streptococcus  caprinus;  Streptococcus  (Enterococcus) faecalis; - or



10

15

20

25

30

31.

32.

33.

34,

35.

36.

37.

38.

39. The polyner as clained in claim38, having
i ncluded therein the isolated peptide of claiml in a

weoncasssat i on of 200 000 AU m . 5 40. The pol BCEB2867/051982

clainmed in any one of clainms 37 to 39, incorporated
into packaging materials, inplants, nedical devices,
ear grommets, catheters, ostony tubes and pouches,
stents, suture material, hydiene products, contact

| enses, contact |ens rinsing solutions, and wound
dressings. 10 41. A probiotic conposition including a
t BéeafmocceaphyumbhEst i ve concentration of a

bi ol ogi cally pure culture of Enterococcus nundtii
strain ST4SA as clained in claim7. 15 42. A

PRAREPoHOf FHIBIRRY biWRth@F betRBRshddies it MefodRBILEINY the step
the bacteria] strain is included in a concentration _
obf axmnsinglbaciedalspecigsde pe effectiee aaoupt pidhe gntigiicrobial peptide
pr.ohi oti ¢ - sjtion. 43. A probiotic conposition as
clagi%?'?g'ﬁi'elﬁﬁﬁ%@'i%rliﬂz, wherein the bacterial strain is

20 included in a concentration of about 2 x 108 viable
cells (cfu) per ml of praobiotic,  conmposition. 44. The

prl Heinegthed %@!ﬁ@ﬁﬂi ipalagy 3} whatain the Wréﬁ# ePefFiesarg gxposed to
o S LSRN o o000 S DB
other edible foodstuff. 45. A nethod of reducing the

o PeeBRA BEARER S TR Rt 1 Sty oSS e Bposed o
agke BhfrhRToMIEl FepthiRl ARELSAERlkYoR ol 20bi00d ABRRUNt of a

probiotic conposition as clained in any one of clains
41 to 44 to 30 the aninmal or human. 46. The net hod as

Pl 54 BT ARG phaToBiRR B T SFBEEL 1 Bicred
I Frofn fﬁg@ouﬁqmg@mgati on of between 103 and 106 cfulm
to an aninmal -or human. 47. The_nethod as clainmed in

chainplamciothausianiit Racilyasrevy Clediigvd brahwliricums Enterobacter
adm _ni st er, ' final ngrat i -bet 105.; i
AU Ls! epbncdal [ 0g) GOBEERNS 2 UrBnilet VERTbALS innocus,
Pseudomonas aruginosa, Staphylococcus aureus; Staphylococcus carnosus;
Streptococcus caprinus;  Strepfococcus  (Enterococcus) faecalis;, and

Streptococcus pneumoniae.

Use of the isolated peptide as claimed in claim 1 in the manufacture of an
antimicrobial agent in the form of a liquid, ointment, lotion, or cream formulation,

liquid spray, lyophilized spray, mouth wash, or gargle.
Use of the isolated peptide as claimed in claim 1 in the manufacture of an
antimicrobial spray for treatment of sinus infections, sinusitis, rhinitis, tonsillitis, or

throat infections.

A polymer having incorporated therein an antimicrobial quantity of the isolated

peptide as claimed in claim 1.

The polymer as claimed in claim 37, having included therein the isolated peptide
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30.

40.

41.

42.

43.

44,

45,

46.

or human. 48. The nethod as clained in claimA47,
wherein the probiotic conposition is admnistered in

w@2do7n3ds3gconcentrati on of about 3 x 105 to an RCI/MR007H051982

human. 10 49. Use of a biologically pure culture of
strain Enterococcus nmundtii as clained in claim?7 in
the manufacture of a probiotic for use in a nmethod of
reduci ng the levels of pat’Rogenic bacteria or viruses
in an animal or hunan. 15 50. Use as clained in claim
49, wherein the cultured strain-is adnmnistered in a
c ohclaim rlahizocoradeniragon of 100 080UA M1 18 BOOWBRR Ab/ral. ai med
in claimb50, wherein the cultured strain is

adm nistered in a concentration of 108 cfu/nm. 20 52.

ATﬁé 'ﬁgﬁfméreés%éﬁﬁbd‘ 1hQ;IBn*nr% %é@iﬁg IWGﬁffH&eggngg? r@é@ted peptide

cohplﬁlranntg asm@cannatlmofzoarﬁ)@ommll D. NO 2. 25 54.
Use of the prinmer pair of SEQ ID. NO 1 and SEQ ID.
NO 2 in the identification of Enterococcus nundtii.

55'he'°pc§1§/m@iirasoalaﬁmé@ﬂﬁrar$y oee SHQclaifs IVOto B3R NAcSFQrated into
. 30 56. primer pair caonprising SEQ ID.
Wcl@g;m@ megriajs, trrm@ntg icqjogteviogs;3gar grommets, catheters

|
SRR S BRENES, Sonis B3y, 1BERE FbAlcts, contact
c tomzes scorgadHens Fibsiny@ol@icasdaSE@ounD.dréisingd. 5 59.
An isol ated transporter peptide fromthe bacterium
Ent erococcus nundtii, said ‘peptide conprising: SEQ
1l Wotlyoom J.ﬁ&}gm%mdl %&ﬁ@%beﬂﬂi’éa@lk@f&ﬂ@e concentration of a

derfvati ves t er eof sequences having nore than _
abmegicain paneotwiyye qér@ﬁembbc;uamm?dﬁhamam ST43A as claimed in

claim 7.

A probiotic composition as claimed in claim 41 wherein the bacterial strain is
included in a concentration of about 10° to 10° viable cells (cfu) per ml of

probiotic compaosition.

A probiotic composition as claimed in claim 42, wherein the bacterial strain is
included in a concentration of about 2 x 10° viable cells (cfu) per ml of probiotic |

composition.

The probiotic composition as claimed in any one of claims 41 to 43 wherein the
composition is in the form of a liquid, tablet, capsule, sweet, chewing gum, or
other edible foodstuff.

A method of reducing the levels of pathogenic bacteria or viruses in an animal or
human, the method including the step of administering a therapeutically effective
amount of a probiotic composition as claimed in any one of claims 41 to 44 to

the animal or human.

The method as claimed in claim 45, wherein the probiotic composition is
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47.

48.

49,

50.

51.

D2.

53.

54.

95.

56.

80% honol ogy, nost preferably nore than about 70%
honol ogy to said am no acid sequence, having

W@ s8seobi al activity. 60. An isol ated nucl eRp€T/tB2007/051982

sequence whi ch codes for ST4SA transporter peptide of
15 the bacterium Enterococcus nundtii conprising: SEQ
ID. NO 13; the conplenent thereof; a fragnment

t hereof; or nucl eoti de seqd€nces whi ch hybridi ze under
strict hybridization conditions 20 thereto. 61. An
isolated imunity peptide fromthe bacterium
Eatieliristecadin atima concerdoation ofibetveSEQD” adi 103@fu/te:to apgnimal
a fragnent thereof; nuteins and derivatives thereof;
ofP" B¥@Ences having nore than about 90% honol ogy,
preferably nore than 80% honol ogy, nost preferably
nore than about 70% honol ogy to said am no acid

s@heemethochasi elgined iimiaiaiobi48l, véwarein the pswielic camposition is

S BB 5 A i A0 B G an i
MapALan. conpri si ng: WO 2007/ 138538 PCT/ 1 B2007/ 051982

78 SEQ ID. NO 15; the conplenment thereof; a
fragnent thereof; or nucleotide sequences which

| Pﬁ@?g' &ie%l’?od“ége&aﬁﬁé& G YR 4 2R FROPBHERIBAS composition is

et o.
administered in a final concentration of about 3 x 10° to an animal or human.

Use of a biologically pure culture of strain Enferococcus mundtii as claimed in
claim 7 in the manufacture of a probiotic for use in a method of reducing the

levels of pathogenic bacteria or viruses in an animal or human.

Use as cllaimed in claim 49, wherein the cultured strain is administered in a

concentration of 10°% to 10° cfu/ml.

Use as claimed in claim 50, wherein the cultured strain is administered in a

concentration of 10% cfu/ml.

A primer selected from the group consisting of SEQ. ID. NO. 1 to SEQ. ID. NO.
10.

A primer pair comprising SEQ. ID. NO. 1 and SEQ. ID. NO. 2.

Use of the primer pair of SEQ. ID. NO. 1 and SEQ. ID. NO. 2 in the identification

of Enterococcus mundiii.
A primer pair comprising SEQ. ID. NO. 3 and SEQ. ID. NO. 4.

A primer pair comprising SEQ. ID. NO. 5 and SEQ. ID. NO. 6.
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57.

28.

59,

60.

61.

62.
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A primer pair comprising SEQ. [D. NO. 7 and SEQ. ID. NO. 8.

A primer pair comprising SEQ. ID. NO. 9 and SEQ. ID. NO. 10.

An isolated transporter peptide from the bacterium Enferococcus mundtii, said

peptide comprising:

SEQ. ID. NO. 14,

a fragment thereof;

muteins and derivatives thereof; or _

seguences having more than about 90% homoiogy, preferably more than
80% homology, most preferably more than about 70% homology to said

amino acid sequence, having antimicrobial activity.

An isolated nucleotide sequence which codes for ST4SA transporter péptide of

the bacterium Enterococcus mundtii comprising: _

SEQ. ID. NO. 13;

the complement thereof;
a fragment thereof; or
nucleotide sequences which hybridize under strict hybridization conditions

thereto.

An isolated immunity peptide from the bacterium Entferococcus mundtii

comprising:

SEQ. ID. NO. 16:

a fragment thereof;

muteins and derivatives thereof; or

seguences having more than about 90% homology, preferably more than
80% homology, most preferably more than about 70% homology to said

amino acid sequence, having antimicrobial activity.

An isolated nucleotide sequence which codes for ST4ASA immunity peptide of the

bacterium Enterococcus mundtii, comprising:
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SEQ. ID. NO. 15;
the compiement thereof,
a fragment thereof; or

nucleotide sequences which hybridize under strict hybridization conditions

thereto.



