1 PROBIOTIC STRAIN AND ANTIMICROBIAL PEPTIDE DERIVED THEREFROM FIELD OF
THE INVENTION THIS INVENTION relates to a peptide obtained from a strain of
Enterococcus mundtii and to a probiofic composition of a strain of Enterococcus mundtii. More
particularly, the invention relates to a peptide obtained from a strain of Enterococcus mundtii,
the gene coding for the peptide and various applications of the strain which produces the
peptide and the peptide itself. BACKGROUND TO THE INVENTION Lactic acid
bacteria play an important role in maintaining the balance of normal gastro-intestinal
microflora. Diet, stress, microbial infection and intestinal diseases disturb the microbial
balance, whEQEEA RAIN ANDANT NG RQBIM PERT DR DERIVELITHEREEROM
(especially lactobacilli and bifidobacteria) in the intestinal tract. The subsequent uncontrolled
proliferation of pathogenic bacteria then leads to diarrhoea and other clinical disorders such
as cancet, mﬁ@%qﬁg@i@gﬁﬁ tljlcerative colitis. One of the key properties of
probiotic la ' 1 esion of cells to epithelial cells or intestinal mucus, This
requires strong interaction between receptor molecules on epithelial cells and bacterial

surfaces. Adhesion of p@@gti%ﬁ,ﬂ@@%@@g%eﬂo t[,&%th %gnﬂﬂmglas a%eof

immune system. The latter is achieved by interacting with mucosal membranes, which'in turn
sensitises tHBIRIRTSFEIES IAHSHePIH J8rRrt ehintic eprRe BifiBroBloficatiaisuplivaardeRcpHe
and high bite.salts. More paf@etiaity strains.efhiidrhaciefinalaeiakrellanke e GPSFhin of
associated ézvi}h the intestine%@f humans anéi animals are known to produce bacteriocins
(antimicrobAl BEIIEEYY FHET ST H508CRERsHEL AR ATRLASSRIFINGIRYS RPEYRELMPRe
proliferationtofipathwhemiodoactetie ipehiintestitiad ragtidis iwwertain. However, as concluded
from recent reports on bacteriocins active _against Gram-negative bacteria, there may be
renewed interest in these peptides and-their interaction with intestinal pathogens. Many of the
latter bacteAARKSRAUND HExdHE [NMENHR@Macteria normally present in the intestinal tract,
viz. the Lactobacillus acidophilus-group, Lactobacillus router!, Lactobacillus casei,
Lactobacillus fermentum, Lactobacillus plantarum, Lactobacillus pentosus, Lactobacillus
paracasei subsp. parach8&laAG'ERRGISESIAY pibkaRetant role inHaaiamitm hedipageof

strain of Enteraaoczsromeiinbanirsigisrintesiaal stress, caraBinas i@aulawatd. hilesals,
salts, pancreatic en es).and produces a broad-spectrum antibacterial peptide (peptide
ST4SA). Bﬂ?ﬁﬁ%ﬁ@gﬂﬁ%ﬁ%ﬂ%@ﬁ%%ﬁw SHenéa i\&ér‘&ﬁ?ﬁe&g&ﬂ% ?g%GPBF{he
present inveénidneiactidspibbaideran ésplatadpEetiokatiting tiebatrtesicteriBENte thedntisinal
mundi, sajd gepiide having e flewinaanipyAcid: gsnic bagter
MSQVVGGKYYG NSUECR! KKG%)SVD%%%Aﬁ%%%%%ﬁﬁ%ﬁggg&%%éﬁf@Izng]:'B'.aFB Ko.
12); a fragfi@rbassresichalivey sheatrdBrIPecs Mycimateitand ddlamamaienhelisessanang
antimicrobjptaetiniyceaualently 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. One of hed@ylingpertdasibigsrasprictiattibePtesatisiny eNtie dfmessiis
provided ary i d leqti equence which codes for peptide ST4SA of the bacterium
Emeroconah e e e e R R R e o BB ey
nuc|eotiderg@a@@r_miecules on epithelial celts and bacterial surfaces. Adhesion of probiotic cells
ATGTCAGAAGAARI é@%&@f@@f% SILRAGTAMERINCHGR TSI T i
TAAAAAAGGGIGCAGTGTTGAT GG@GAAAAGc:'TATTGGc‘ATTAT_T§GAAATR(§_ latier is
TTCTGCTRSEBEATH At AR adr CukershCembEmTs oAb THSE e IBItRGD. the);
the complgmenicitiereekadragmaniiberapicansieopprivausing JoloyEng RWPHaMhigh
thereof, algl%ptigﬁshaving antimicrobial activity; or nucleotide sequences which hybridize under
strict hybrldlzaﬁlon ‘conditions thereto.

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

(antimicrobial peptides). The role of these peptides, and their significance in controlling



Strict hybridization conditions correspond to a wash of 2 x SSC, 0.1% SDS, at 50C.

The nucleotide sequence may be included in a vector, such as an expression vector or
transfer vector in the form of a plasm id. The vector may include nucleic acid sequences
encoding selection attributes, such as antibiotic resistance selection attributes, or other
marker genes. Accordingly, the invention extends to a recombinant plasmid adapted for
transformation of a microbial host cell, said plasmidzcomprising 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 Rigéfesii sé gadinaerapdsdara drbrdtdestiansiastyiorrepitufutivenares ek
genome of gopaahcAsrniringdy: g dnasiionexiends ie-asansiprnedmicrabialcalwhieh,

includes a recombinant plasmid, said plasmid comprising a plasmid vector into which a
nucleotide SAS{GeREY KRR CHTES T e KnHITEr G5B ebA08 ithd TERtan HAR piesfina
inserted. 4gzéptigersolatned tetdaiten Haoterivoitcasmuntiited s peptideit ddctg dntionicebial

activity. ter] n ug. tnundgiwhi r e iso|at tide
identified a g%seeﬁggw t?gfgnﬁ{ g%%fﬁ%ggé\%ﬁ]ﬁ t%u—?1 é‘l%(gf ukal ﬂ%ﬁé%?éls gnggﬁuu%rﬂge?‘%gé%%%@g s
The specifiéestiélih dfapebrtienurreitefordiebasandersatiyroddcséobrcilotatelhpEastioe
identified apaup,hasirepResignatedBs Aaie Sd4sdvafsaatdingly.thednyantionsdends,to
a substantially pure culture of Enterococcus mundtii strain ST4SA deposited with the ATCC
under the d@ @‘?@d number PTA-7278, said culture capable of producing peptide ST4SA in a
recoverable quantity upon fermentation in a nutrient medium containing assimilable sources of
carbon, nitrogen, and inotgaNG SHBRIANCERC. » oo ANRMREIASRECLO! iNe yenlion.elates to
a process for the production ol a péeptide ot the Tnvention Which comprises Cuftve ing s
Enterococditeiinadiresaieosdiigs ife & nowieht, ikl kattsu nals. mivro-eiiophifioTuesidiions at
a temperatyrg Rfdaety gL AL AR ASr Bl &L SRpRRDIBRRISRERgid peptide is
produced, and recovering said peptide. Preferably the cultivation occurs at a temperature of
about 37C. " The nutrient medium may be selected from any one or more of the group
including: GRRISEPE 4CIRIRTANE ST Wy IRNMERErDARS broth; yeast extract; and molasses.
Preferably, the nutrient medium is MRS broth at pH 6 t0 6.5. The isolated peptide of
the invention may be used as an antimicrobial agent in a liquid formulation or a gel formulation
as a topical treatment foksfordingrplen @ asdectotise guchand Mideaminfectongyanitiatsan
throat, eye, oy 5kip #&Jﬁﬁ?@qﬁoﬁgﬁé"%‘é@éﬂﬂﬂ”?ﬁk‘%ﬁl WA DEIRT 458 }Segtiqfé“t%javin the
supplement to meals. The peptide may also further be used as an antimicrobia agent iR a
spray for trisdignéng amfop exihspRUIAGS infections, sinusitis, tonsillitis, throat infections or
rhinitis. Theieepide gy visedese lieders o byaohitarshiesyden A RSeDsIAHes in a
polymer. The_ invention extends, according to another aspect thereof, to a polymer having
incorporatégf rith YR aMiknicrobial amount of peptide ST4SA. This polymer may then be
used in a formulation for thaigabtieatmesttieiintpahonisusiaessifonexample, skin infections,
or may be used for incorrﬁ&%e};tion rl}la i&@,ﬁ'%’%{\?eor Rgaedic%l devicestsul(c:h s§ ifortexﬁa_mple, ear
grommets, catheters, ostomy fUDES AAd’ poucsfw%s,rgﬁ)an g@@t@rnemrﬁa{g |éa, %%‘f'e’ﬁe products
such as feminine hygiermeysieoliy iz wuhtatide nsesirgoisttetrEnihadhgisentroicfobiacarthotation
in wound dressings. The sneapsdlation ofibie alimiciRRiaRaRids inthe RRlyRS Jeads g A

slow release of the antimicrobial peptidé and an exten@e?d period of treéFment of a microbial

infection.  The isolafé&VpBpidcavaysstintsiemed nnwsitanthevh Girdonolraupfaid
(Arbitrary Units) to 300 gRfh6dbnl écpriiirenh Arpie taiibnrRosb2A8:38p AU/mI of polymer.
The peptide further may be used as an antimicrobial agent by being incorporated into
ointment, lotion, or cream formulations. These ointment, lotion, or cream formulations may be
used to treat infections.Advergéptideandhealsopirtvé tHrepuseerasaardotirttierelkgl ragielzidnn
being incorparalad infadiguid formia, 'Q%rﬁHﬁhc%%’eforfS%}rE % C‘%‘Fﬁ%ﬁ\'?@? fsing fuid, or it
may be mcorporateoﬁnto the contact lenses themselves. Ac orﬁng , the invention provides,
as anothef-aépEsiogidrestvadiantimicrobial ointment, lotion, or cream containing an




a pharmaceutically effective amount of the antimicrobial peptide of the invention. 7 amount of
the Enterococcus mundtii strain of the invention in the manufacture of a medicament for use in
n method of treating a bacterial infection in an nnimnl or human. The method may include
the step of exposing bacterial species to the antimicrobial peptide of the invention at a
concentration of 1200 000 to 300 000 AU/ml, preferably about 200 000 AU/m. The
invention extends also to use of a therapeutically effective amount of the antimicrobial peptide
of the invention in the manufacture of a medicament for use in a method of treating a bacterial
infection in an animal or human. _ The invention further provides a substance or
composition for udé'h gatasod et FadbgRti A R ERBIPTIS A 2Mi P winsu Masleste
substance ee@@snpesition comprising the Enterococcus mundtii strain of the invention, and
said method comprisi inisteri t eui ffective t of the tance or
composition to thg\ ﬁﬁa%w& QEG gq&%mu%%&eﬁéé%ﬁmﬁ&%éggﬁsﬁ ance e
composition ASAUSBABE ECHOAGT GEAMAYT A Bt eaGam T aCAMMahIT BraRA Al
substance ¢r eqmpasiion AATPIiANG Ae selisErenlalrelgR.el fiesmuentionraad saifh,
method comprising administering a therapeutically effective’amount of the substance or
compositioh"%) fhe:animal or human. The bacterial infection may be an infection

caused by any one or mgee finpripfigbaeiappaumanii; Bacillus cereus; Clostridium
tyrobutyricutn; Enterobacter cloacae; Escherichia c?Ii; Klebsiella pneumoniae; Listeria
innocua; Pseudomonas A AFRGESL ! VPR R RIREHSING ARG EXREessinBdlgreo. a
Streptococcus caprinusp&tigfcenacy sitiinterosiad eidtyitgecalis; or Streptococcus
pneumoniae. Ac in till further aspect af the invention there is.provided. a
method of inhibiting groﬁv@é% %%ﬁ% %r‘?a ggé%igsf%ﬁl%yr%%%ﬁ)e& {hc%é}lﬁ% W%réf'ezﬁ tg ne%%%s'ftﬁ%ns
bacterial species to an éf@&i¢e amount of the antimicrobial peptide of the 8 invention. The
bacterial species may be selected from the group including: Acinetoboter hnutnnoti;
And/11.re corer's; Clostridium tyrnbutyrinum; Enterobacter cloacae; Escherichia coil;
Klebsiella pneumoniae; T A IHABAIANFOSGHIN RS L ePREMb LR MR cH XcaS Guib i g
StaphylocaD8s 8HI06uUS; Streptococcus caprinus; Streptococcus (Enterococcus) faecalis;
and Streptococcus pneumoniae. The method may include the step of exposing
bacterial species to the antimicrobial peptide of the invention at a concentration of 100 000 to
300 000 AU/ml, preferablyeabodeadc086cqtied. may be Andodditignosonechspestai the an
present in ' re. i i t ide fro Iym
Erteroco0e e el Ao Bt M L o] APt o g juse

fragment tRERRIE ARKERPIHADCEEIRARABLHEHESHWY SEHDEISCeSHElViAY ANdaiafesiRiance %

Eomo:ogy,a@i@tmbb/tm&aﬁm 80%r heanrie Qs Bostareseaally mesaibamidRsi£R%s to a
omology t

L o el b

yvhich codesrfmTfsmgSsAnms:ﬁDntemtpepttt_ie.@ﬁm%bammmmeﬁéammcu@imnddésThﬂ the
isolated nléq{ﬁﬁ]glgr%t?%gEggﬁger%@{?%qm%rﬁ% r;the gt%%ggtfgge%%gence of SEQ. ID. NO. 13; the

complement thereof; a fragment thereof; or nucleotide sequences which hybridize under strict
hybridization conditions thereto. 9

The cell may be a prokaryotic or a eukaryotic cell, such as a bacterial cell
ot 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

N



the amino acid sequence of SEQ. ID. NO. 16: 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. According to another aspect of the present invention
there is provided an isolated nucleotide sequence which codes for ST4SA immunity/adhesion
peptide of the bacterium Entero coccus mundtii. Thg isolated nucleotide sequence may
comprise the nucleotide sequence of SEQ. ID. NO. 15; the complement thereof; a fragment
thereof; or nucleotide sequences which hybridize under strict hybridization conditions thereto.
The inventigaide ricynadso kAt fvianbiieragspees thured. t6a paatisiesbvitedammiehebial
group consLsImg:.of SEQ. ID. NO. 1 to SEQ. ID. NO. 10. Accordingly, the invention extends
also to a primer palr 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 ID. NOT et S E@Qn %f&@:&ppﬁmha&ﬂmmmmm iHRlaNQ péatiatd:
SEQ ID. N rime L Som rlsm E ID.NO. 10. he
nvention eR At e o e it e BECC MG 2rart Mimee P o
the identificéZich off EmtepecticcsisanupiotiicBRIEFIDE SORIPTION ORI E HRAVINGSS 1Dao
the accompanuing AR SREHERPIER s W Deen dé@@&éﬂ'é@&ﬂm@%@%ﬁe'k\%ﬂm Y

of Enterococcus mundtll strain ST4ASA as observed (scanning electron microscopy);

Figure 2 is ?%HBYSQF%%?%?%dﬁr@s‘%—}'Eéﬁ%%@?@@ﬁo@u@ﬂ{ﬁﬂ%ﬁ%@?ﬁ?@b%ﬁ@d
by using gwa@lﬁ@%mwm ﬁqgenmpﬁﬁétq%at@ﬁ@qu&@dfbvmmﬁe fekid culture
Enterococcus ébtal %1,;4 ﬁhoto ra an a oseg%tshow a PCR
product (D i e

rﬁi\bﬁ ety H&S”He%"sﬁ@ 56% &'8 %‘é ?I%‘é? 5 @8 8%’&&
band of 306uhtpespenefmtfm Emirvoog assimiadld svascebtainebon, rlﬁtgngem mnd grepiuaic
representatigpef heptide STASA separated by gel filtration (AKTA-purifier); Figure 5is a

photograph of a SDS-polyacrylamide gel showing the position of peptide ST4SA,; Figure
BA is a photograph of an agarose gel showing the plasmid profile of E. mundtii ST4SA;

Figure 66 is a Southern }ﬂzlﬂzitﬁbpa@fagc&hﬁ{ﬁéﬁwh%m@@f@éq%qi@@a@@mm SRUQIBASABT
(genome) of stram TASA; re 7 is a diagrammatic ﬁgresentation of t e amjng_ acid

sequence &1EN dﬁﬁﬁ@b‘?ﬂé’ @3 5@,& COMRESaT SHINALNG ERTGIRAGER LS BHAY SEByE T45A
ST4SA strugstaralsfyizms (v@e)dilnanapdﬁeng@nea%;ﬂnnblmdhibﬁg@na EmperakigurdH8Avand

9B show theyulycices o QI ISR SORRRE/ST P SBIAS: T8 BIRELE 8R! recovering

said peptide. Preferably the cultivation occurs at a temperature of about 37°C.

The nutrient medium may be selected from any one or more of the group
including: corn steep liquor; cheese whey powder; MRS broth; yeast extract; and
molasses. Preferably, the nutrient medium is MRS broth at pH 6 to 6.5.

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



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
putative adhesion gene; Figure 12 is a graph showing the stability of peptide ST4SA
(crude extract suspended in sterile distilled water) at different temperatures; Figure 13 is a
photograph of inhibition zones recorded against Pseudomonas sp. 11 on an agar plate Figure
14 is a photograph of Streptococcus pneumonfee tigated with peptide ST4SA (409 600
AU/m1) and leakage of the cytoplasm is indicated by the arrows; Figure 15 is a graph showing
the growth inhibition of Streptococcus pneumoniae (pathogen 27); Figure 16 is a graph
showing th&BFBRIHIARBItbR JLYrRBlocdCEL BREIRR IR gSatRBERINDE) o aneilisreasPch
graph showing¢hé grawtbiimhibitanief kKebsiefaaneuwnonias HENRISNDBAmounFigiusert8ids
a graph shqwing the.growth inhibition of, middle ear jsolate. (pathogen 40); . Figure 19 is a
graph shOV\Cngr‘;fIg{;4 %ﬁé gr%qvﬁhpi%lﬁlrgﬁfowg r{%}g?jlgeegrs %%Igtg ‘(i‘];)éa&ﬂggaégr? %\%g;topacﬁgu%aerfbeg?aof
graph showitgatengrevah ashifsitienahpkddisrefesdizite. (patheydre Eiged foFigapepR2ation in
graph showing e P WikUIRAIRIEQR &L QK807 1 30/aG-(RaAthRgRBFE FIoHEE 1R IS 8BFAPh
showing growth inhibition of middle ear isolate (pathogen HW), Figure 24 is a graph

showing groFFGTSHREH PSSR the-BE Bt B (N¥esReiRMstirn el 285u8iaing hvgiene
production pfmpm'g@&féa%rﬁﬁ?taﬁlfa&ﬁ?@amm fstfﬁiﬂir&Bﬂ&A’dﬁdﬁﬁ Resenertihgs.
innocua L 13568, -It- = gro inhjbition,af L. inpocua [MG 13568; = nges in pH, n.
production S S S ETEN B! e A A R e pe B S et R Aty
model (GIMyelevéiopechiat peplidatmmicirpestsotedraiinGTiEdgimentifemi2®lsa indbeinatic
presentation showing blocking of the Lipid Il target site with vancomycin and its affect on the
mode of action (antimicrobial activity) of peptide ST4SA. % Leakage refers to cytoplasmic

leakage, as record68 RPIAtGE ReRlifRana Nghidetolidasoaeanitatieves. 100§ Ak
schematic rappasepialian pia sieulive Rideae dhabwarntressssinid e peptistithad/m! of

covalently Iin@(,ed amino acids 9 (cysteine) and 14 (cysteine); Figure 28 shows a
hydrophobi%ﬁ r6'[%”[’ of ST4SA; 12 Figure 29 shows the results of L. monocytogenes

challenge with ST4SA and survival in on in .vitro rzIT model;

The peptide further may be used as an antimicrobial agent by being
incorporated into ointment, iotion, or cream formulations. These ointment, lotion, or
cream formulations may be used to treat infections. The peptide may also further be
used as an antimicrobial agent by being incorporated into liquid formulations such as,”
for example, contact lens rinsing fluid, or it may be incorporated into the contact lenses
themselves. Accordingly, the invention 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, for example,

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-specirum probiotic of the bacterium Enterococcus mundtiiin a tablet form or in
a capsufe form or it may be in an edible form such as, for example, a sweet or chewing

gum.



Figure 30 shows growth curves of E. mundtii ST4SA in MRS broth and CSL media;

Figure 31 shows hemolysin and eosin stained sections of (A) Control Colon (B) Strain ST4SA
fed colon (C) Control lleum (D) Strain ST4SA fed lleum (E) Control Liver (F) Strain ST4SA fed
liver (G) Control Spleen (H) Strain ST4SA Spleen at 60X magnification; Figure 32 shows a
graph representing the daily weight measurements of each experimental group of rats. The
arrow indicates the time of Listeria infection;. Figures33 shows a graph representing daily
measurements of feed intake of rats; Figure 34 shows a graph representing the daily
measurement of water consumed by each experimental group of rats; ~ Figure 35 shows a
graph representing the fAseardingdendedimensrr &t iheiperitentiegrdtpsoaidetaB airs
strain ST4, siain423 andwaier sonirelsdaad heenadininistaeiiand therabigue:86 chowse

Listeria counts in faecal s les collected 1 a“""' Fe-iw ect] n and 2.days post-infection from
each experﬁﬁ@ﬁ?&i%%%fr%%@mmcﬁ%%@zg 1rbr§§§§%)pi%ni&%3}%¥engﬁi%e&p (s:i%’il%d na
ST4SA (sugantemhetitatiof sbactiontd) 1T I prefeaisidifterential’ chiardetesitticsiof seaiml of

ST4SA,; Ta@ll%ig)&i ﬂqbo%%aggsﬁfg%ct 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 usef gRERGHESfTRBIGWcHoW SHROPRYREOTERRIRIST 4% B used to

pathogens; Table 8 shows extracellular DNA recor??@d after treatment of pathogens with
peptide STAZHICE PROBACHGREHEE JA AR BUHASR VAL corded after the treatment of
pathogens with peptide ST4SA; 13 Table 10 shows operation of the G1M (computerized);

Table 11 shows SUIVIV sigih STAS S s erkiston.of aete. sTaAddhe G ustera

monocytogenes was used as target organism ogen e values are an average of three
trials. The mathempakugoviee/NARSFe ARGUIV INEStR IR MRS (De Man Rogosa medium,
Biolab), respectively.; Table 12 shows antibiotic resistance of strain ST4SA; Table 13 shows
growth of strain ST4SA in the presence of different concentrations of

Trimethoprim-sulfamethd &R P IALLIPRS AR MALRE A ST EbRP P dRb R Widhehag!

factors thataveraedssppes); be indablsrdeshows tbediltesbineqlstRitic SoAHA i dPaiona 2igeit
lines by plai)e counting control); TaLPIIAa 16 s owsF

( mpetitive.exclusion of strain 1}' SA and
L. monocyt %&&?Waﬁlgsﬁ_s go%vgqmelg%%ﬁg%rpéeg (f? nrﬁt%aésdrqﬁﬁﬁs?ﬁraéﬁ g}?gir% Vs ?db}n :

Lactovita ocansepisigimenfedodted’ to 107 apiefa@ishiabe -t cinblsideie (abivisrimiaianid
samples of Blﬁe\mgtﬁl_r rats during a (A) 107 day Lactovita study and (B) a 50 day strain
ST4SA study. Values are mM p-nitrophenol released per 2 hours. Standard error values are
shown in parenthesis; -

The probiotic composition may be administered fo an animal or human 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 corhprising any one or mote of:
é pharmaceutically effective amount of the Enterococcus mundtii 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



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 (FED) with CSL and CVVp 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
STA4SA activity optimization; Table 23 shows high gnd low concentrations of MRS
components and CSL; Table 24 shows the 210-5 FrFD design; Table 25 shows an analysis of
Variance Table for a 210.5 FrFD design; Table 26 shows a 22 FED with 3 centre points for
determinatiBi et Sf BivabntetenrasivsatisAglimndmin of piyendipiakbortrsiruuam a
fermentatiopiedidameiable:28isRawsttRal resiltsi of rosistance i lesHRgoh Bn MURMHIICE Rdman.
against antibiotics and anti-inflammatory drugs; Table 29 shows the effect of antibiotics
and anti-inflammatory medicaments on adhesion of ST4SA to Caco-2 cells; DETAILED
DESCRIPTION OFhEHENVENTdQNnclude thEhetipvesttiendesogibesciesthinpafibe to the
bacterium %ﬂiﬁ_ﬁ?&%ﬁ%%@?‘é@ﬂg%#ﬂﬁ} Fr‘?\?é?mﬁ%%efg'%}éhégﬁ?&tf&%‘%%% Y 'ng %o@i‘@zﬁﬂ,‘ts’
salts, pancreatic enzymes) and produces a broad-spectrum antibacterial peptide, namely
peptide STRSACTRRY shaif 8P ERRG AddEels mundtii which produces the peptide ST4SA has
been deposited with the ATCC (American Type Culture Collection) and the assigned number
is PTA-7278, Activity ha% been observed against a large number of Gram-positive and
Gram-negative bacteria, %&V&Pﬂ?&%"f&&%@dﬁ%ﬂﬁ FiRIBSARRUIEHE rRFiNE AR of
Examples dfidacteniamibiiditegtide aldliellowsitidaiirctiobaciadiactoranf, Baeilicamerd sy, use in
Clostridium, {ytoRyiNTIS M. f0l S/ ARRIRL AIRALAS Fechelishiaagih fjghsiella pneumonia,
Listeria innocua, Pseudomonas aruginosa, Staphylococcus aureus, Staphylococcus camosus,
Streptococcus captinus, Streptococcus (Enterococcus) faecalis, Streptococcus pneumoniae,
and a number of clinicahsfgaigeoliBRidaaities:Gran BoSiE-ARd GraBIRESRIYEBRAGEIR -

isolated from infected middle-ear fluid samples. This is a large spectrum of activity, specifically
against suén%*\%iefyﬂaﬁtmménbﬁgfﬁaaéﬂfwfon In anrRmipel Bf tryRaNs Rt PSR R ial
peptides witbragtivityyagaimgt-sratie gatiye bosiearhavgibaen descrbadventiope Aiegisadbd
produced ls)f}f‘ I.@f}éobgngill% negéorrslﬁ?étbacteri cin 81151 ER Ero uced ba/ 'TaF ﬁbaﬁg S
pentosus i p‘i, RACEH e proe U4 f?rﬁ&‘?t% SECHIG 863 VEATE! QuBsi).epS CA58 ’or
thermophylinprosiiceuth yhStempieaiarcustermophylus, peptide AS-48 produced by
Enterococcus faecalis, a bacteriocin produced by Lactococcus lactis KCA2386 and enterocin
CRL35 produced by Enterococcus faecium. However, the activity spectrum of these peptides
are much narrower than! tHaimeBiaBduBhpepiRIECST ASAbsRRMEyBEoImesEiRfréPh dse In a

species sepmitilePeBHER.Sd Pabidrtgdrabeish ihabraachapeetiuma achivtyuBsreriallyr
against pathogenic bacteria, rendst{és%peptide ST4SA idg?%l for bhe_control of bacgterial

infections, E¥PROHNY MR BN AHTERRE RS PIRiGL 1RSI HgRIRI G A S PRy
of middle-eamnpgaibioge ad) exsteeihasap dtlecsrensgitaligl eftbitice camdant woLhd inféctianse(tbe

peptide intLi %&%@EOW%Q@EH%P ef, &Iﬂtg}gse pathogens). Pathogens isolated from infected
ui [

middle-ear were Acinetobacter baumanii, Eschetichia coli, Klebsiella pneumonia,
Pseudomonas aruginosa, Staphylococcus aureus, Staphylococcus camosus, Streptococcus

pneumonia, and & nUMGE QIS HABC G ARSI ARG G BAIROBYUR N Yo o
an

Materials and Methods Isolation of strain ST4S d identification to sg/emes level

Soy bean &HIPIHE EG BRSO PBEAHS FRIPHEV ST dreRaUr &eMe Gratnreaasiaer
for 4h, was:seitally dibdiesiane Pale KuBeMR pAgRIdFiRiab)sRigtalmbiagnostiss.ddigiang,
SA), supplemented with 50 mg/l Natamycin (Delyocid(r), Gist-brocadeg, By., Delft, The.
Nethoriandl) S, SR PSRN (TR TEREN e COREN B SHEPRFHE fSPHngs
days. Stre@ivlamiegaverdeabcandon Selewiedor Shgplatescaith hetweeni& and 300 cfu
(colony forming units) and screened for antimicrobial activity by overlaying them with a second

layer of MRS Agar, supplemented with II_)erOcid(r) (50 mg/l). The plates were incubated at
30C and 37C for 48 h, iNcaAraRse e HcHlsk tOxorBResWIH HispohrBliEh e Jsnieyided 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



Further identification was accomplished by physiological (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 (Biomerieux, Marcyl'Etiole, France) and compared with
reactions listed for enterococci. Table 1 18 primers specific for Enterococcus (Figure 2) and
Enterococcus muncitii (Figure 3). A 50 bp DNA fraggnent (Amersham Ploscience, HK
Limited,UK) was used as marker. Primers used to generate the 306 bp fragment (shown in
Figure 3) were designed from suitably conserved regions on 168 rDNA. SEQ. ID. NO. 1:
Forward priimiéniiac Ghe tataaGeerisEaYbeNdetier dpsip grrep inciuding:
GACGGGCGGTGTGTA inatohaceeauansngof g pNAdJragment raveagias I8hamamelagy
with conserved 168 rDNA fragments in GenBank. Expression of antimicrobial activit .
Antimicrobi&f ARARARF (FA L% s EF L IR iinREOXH D R HRHENI PG zfjggﬁﬁ?aé?ﬁ’f? ‘Yfte
AU is definggagdhdasipresabhidhe highestebidinshewings cleaproneafagrowtaindsision
and is calculated, as follows: ab X 100, where "a" represents the dilutiop f r oy last
dilution thaE[g ’r’%%fggggcgﬁ Tty zgg’ﬁ%"g%"é’t" euffsg% r%rrn {fr?% |Lé'1r%1ce} egrg.g Igt?\%rt@ iéeg)% %ggé%%er
ml by multiplicationwith 100. Lactobacillus casei LHS was used as indicator strain.
Characterization of the antimicrobial substance Strain ST4SA was cultured in MRS
broth (Biolab) for 24 and 48 h at 30C. The cells were harvested (8 000 x g, 4C, 15 min) and
the cell-free supernatantshgojietaects sy BeUrRHEREIERAN SRS 7Y 8?&%%@%%%?%5%0%5

treated withpaatalass £Beepringer Mannheifohait tongdntfitabeo00auitata)0 RPaneindse, K

(Roche, Indianopalis, IN, : Papain, pepsin and trypsin (Boeh ringer Mannheim
o PRy

GmbH, Ger‘?ﬁ%ﬁyﬁl 'ml (final concentration), respectively. After
incubation the enzymes were heat-inactivated (3 min at 100C) and tested for antimicrobial

activity, as described befie 418 [BoHlis ahistes i Bhiech: ARSAMAIBIIELS fiendes!ed
for antimicrobial activity, as described before. Table 3 Treatment Peptide ST4ASA - - Enzymes:
a-amylase isoiated transporter peptide from the bacterium Enferococcus mundtii, said peptide

having the amino acid sequence of SEQ. 1D. 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.

According to another aspect of the present invention there is provided an
isolated nuclectide sequence whi‘c'h codes for STASA transporter peptide of the
bacterium Enterococecus mundtii. The isolated nucleotide sequence may comptise 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 peplide from the bacterium Enferococcus mundfii, said peplide having



Proteinase K pepsin pronase pH: 2.0 - 12.0 + Heat: 30, 60, 100c for 10 min + 30, 60, 100c
for 30 min + 30, 60, 100C for 90 min + 121 C for 20 min Detergents (1%): SDS + Tween 20,

Tween 80 + urea +

the amino acid sequence of SEQ. ID. NO. 16:
a fragment thereof,
muteins and derivatives thereof; ar
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.

Accordling to another aspect of the present invention there is provided an
isolated nucleotide sequence which codes for ST4ASA immunity/adhesion peptide of the
bacterium Enferococcus mundtii. The isclated nucleotide sequence may comprise the
nucleotide sequence of SEQ. ID. NO. 15; |

the complement thereof;

a fragment thereof; or

nucleotide sequences which hybridize under strict hybridization conditions

thereto.

The invention extends, according to another aspect thereof, to a primer
selected from the group consisting of SEQ. ID. NO. 1 to SEQ. ID. NQ. 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, §;

primer pair comprising SEQ. ID. NO. 7 and SEQ. ID. NO. 8; and

primer pair comprising SEQ. 1D. 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 mundtii.

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,



Triton X-100 + Triton X-114 EDTA: 0.1mM, 1.0 mM, 2.0 inM 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 37C 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 ST4ASA was inoculated (2%,
v/v, OD600nm = 8.0) into MRS broth (Biolab). Incubation was at 37C, without agitation, for
20h. The cells were harvested (8 000 x g, 10 min, 4C) and the peptide precipitated from the
cell-free supernatant with 80% saturated ammonium sulphate. The precipitate was
resuspende@ e AORRIROYINE PEIRERAIH FHEIRE 2¢dtdte (pH 6.5), desalted against
distilled water by using a 1000 Da cut-off dialysis membrane (Spectrum Inc., CA, USA) and

loaded on 20 a SepPak C18 column (Water Millipore, MA, USA). The column was d
with 20% (1) 50 SFAEdE A FARA e B RCRA P Eobs i B DL

with 40% isokpeopad iyt 2B riddhaninposizetcacetiate{pbp$).5). After drying under vacuum
(Speed-Vac; Savany), fractions 0 and dissol i Q}@%p t H
6.5. The active frﬁ%r%?vé?e%ﬁhoﬁgeg aragtﬁgrb)? ﬁigéﬁg{?opnéﬁﬁ%ﬁgggograp 5%185}% w%rNR
Superdextnfa@eenthabigingsr Siasireh aendeiarsofschyimskad foganuskangsiieieNA band of

(Amersham) {Frighirebkifdytp i Reptidg Jromihagplumn was with 50 mM phosphate
buffer and 400 mM NaCl, pH 6.5. Peptides were detected at 254 nm and 280 nm

respectively. Frach&H¥eohtgidiny Hieosulech SHtiasaRse 5t ngiad i e ot PAKY
stored at -20grAstivibbtesisdvsresieriosamgss by asingihe@garispnt dieatbpdciBiZBNA band of
determinati%6 bo. @ %Hgl{] ],?:If%ngrJygas rov&chifrt}.M%ggé th é%iolab) for 20h at 30C. The
cells were Rarvested gy- centri ,uga{ion ?g g d, (o) min, Ef?an’d peptide ST4SA precipitated
from the cell-free Sipeavhiaatgrapin @6 ssantalion ahmeitiah btffhseearieddre dpittitealies
resuspended -ane i&th . 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 tricifié@8t S-S eiagiresal 2 SlowrrRbReMAMIRS FR Shrrdrdfhe sgaiion of
ranging fromegtéfetgAfslDa (Amersham International, UK) was used. The gels were fixed and
one half overlaid \ﬁzith L.§ sei LHS (106 iﬁu/rtnL , embeddeoL:iS{nh Bh{f?in ‘}Iear} Infuéion (fﬁ,Hgfo%gar
(Biolab), to determif€'th %655&5’ YPHEAELHE ggﬂﬁggiﬁﬁ gﬁre@B ."’C@xf"‘o%’& cﬁ§°te§t )
peptide STABAMLII STASRD determine if peptide ST4ASA has cytotoxic properties, triplicate
wells of confluentggﬁn laye! ' lls ware grundn tis ure Plates
for 48 h and then e po%e%ﬁ?\?g%%g %ﬁ%ﬁ%ﬁé\g\{ﬁg gﬁ %he arﬁ?microb%% peptﬁﬁ.%&er 48{ﬁgof
incubation, CERVARSMMMEUEE RBRPb§ttRaid 88 cells with tetrazolium salt MIT 21
[3-(4,5-dimethylthjagol2 Bammasdrardinaee YbirE szl m-brpNdeltirie Bak BeegietiandrE.
blue' product (formaza%which forms after cleaving of MTT by succinote dehydrogenase was
recorded. ™undti pRBLEGYE LfRAoxicity level (CC50) was defined as the peptide concentration
(pg/m1) required mgecLeEe eekh vizhiitydy ehte. AtaaedipgitickhesTESA resudis (Rl psaxicily),
level), no C%ftoﬁgxiﬁit was r g&%e(g thaﬁyi.ﬁ the Fpe i{de has zero (0) CCso Plasmic' isolation
Total DNA WA TSolated: Plastid Kﬂ&n waé’ i$615te , after which the DNA was further purified
by CsCl density dritliegs gadtnifigasbow The itiNanwasfapathtag Gnnancigpeosstyoh(Fgbics
6). Lambd%Qj}I&gmg&q with EcoR1 and Hind (Promega, Madison, USA) was used as
molecular weight marker. '
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 putative adhesion gene;
Figure 12 is a graph showing the stability of peptide ST4SA (crude exiract .
suspended in sterile distilled water) at different temperatures;

Figure 13 is a photograph of inhibition zones recorded against Pseudomonas sp.



Plasmid curing Curing experiments were conducted. Cells of Ent inundtii ST4ASA were
incubated in the presence of novobiocin (1 - 25 pg m1-1) for 72 h at 37C. 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 37C, the colonies were
replica-plated and the original plates overlaidwith cells of Enterococcus faecalis LMG 13566.
After a further 16 h of incubation at 37C, the colonie$ were checked for loss of antimicrobial
activity. Conjugative transfer experiments Filter mating experiments were done. An
overnight grown culture (0.25 rnl) of Ent mundtii ST4SA and Ent. faecalis FA2-2 were added
to 4.5 ml MRS2MB&d Bi#filtered through a 0.45 pm pore-size sterile membrane filter (HAWP,

Millipore). The merphranemas:niasestene s MRS-RURICDIRIG AdGhHineihateshveiahic dhat

37C. Thec r d. from.the filter into 1. ml MRS, serially dilute d plated onto
VRS agar S GG STE) AOE RS oS GHAETS APLBRRS SHe 30O S v
crude peptide STARNT he isxmapteshovasy épegtedivith Biito fiacitis @EX T asresipieniatn
this case th@;@]lg&ggrﬁ as done on plates containing 1 mg m1-1 streptomycin and 2000 AU
m11 crude peptide ST4SA. Colonies were selected at random and checked for production of
peptide ST4SA arfdustrsthisd @iephasheiyiosferdrastisdthitien seRirepiacssismpopumoniae
conjugatedgalissRihntofaecalis OGX1 which contained pST4SA was cultured and the
cell-free supernatant was subjected to activity tests, as described before. Detection of the,
genetic elements B5GIAG FeptRiaRSTHEN AR INA UG BhiSHgn of Klebgigll preatinyeae

isolated. Thptivaepridddrs used to amplify the structural gene, transporter gene and immunity
gene (listed belowy). , were igned hased on partial s nces published for.other
antimicrobial pep?&ggrg)sceigu’egléir%# %ﬁgg Sﬁ?\eor%%e%'%vi#ﬁogéﬁAgﬁq%&?nnTmpﬁé@%ﬁﬁr isolate
Terminator(@3ilessadtiBhcing Ready Reaction kit on a ABI Prism TM 377 DNA Sequencer
(PE Applied Biosystem, Haster CibyabiSAhdhiAgtaRass-saaiChMBaae MRkl dsingdhge
BLASTN and BLASTX programs of the National Center for Biotechnology Information (NCBI),
Bethesda, MBIPRERMEYEA. Structural gene Primers: SEQ. ID. NO. 3: SG-a: |
TGAGAGAAGG THig GO TsT @ Aph Asiomiay dihe Egeolih NG G I middle ear isolate
TCCACTG@AF\TCCA%GAATGA (reverse) ABC transporter primers: SEQ. ID. NO. 5: ARC
1-a: TGATEERTIFE MG TGGAAGT (forward) SEQ. ID. NO. 6: ABC 1-b:
ATCTCTICTCCGTIFMEAIL G (reapd) SE@iND. iINO giowiBAakdbition of middle ear isolate
GTCATTGAEE@{B TTAT (forward) SEQ. ID. NO. 8: ABC2-b:
TCTAGATACGTATCAAGTCC (reverse) Immunity primers: SEQ.ID. NO. 9: Immun-a:
TTCCTGATGAA(E}@A@A?&@@%RW&MV&MfFWEltDh?ﬁ#ﬁ%ﬁfuﬁi%@ie ear isolate (pathogen
GTCCCCAGANCCAATAACTA (reverse) 23 Production of peptide ST4SA in different growth
media and at different injtial growth pH values An 18 h-old culture of strain ST4SA was
inacutated (2 %, LIRS MEBDTSI SR B SRSl B ORI AGEAER LATeiR).
respectivelymniomubalvih 16862080 CahdiRh Of peptidet/BAG Avithanbagitasiony fowRBdistrain
Samples r r examin ial growth (QD 00nm), changes
ncuture pE1 Ao s e TR MR Sep e R b
method wddifsebaéiescrivdmbassre. pH, B = picdsefenabrenickntdiSiie effect of initial

medium pH on thpigqgﬁyygtﬁga Al ReRIge I AR MRS ARG YRIAMES fc@?%é\@%ad for

broth were ad'ﬁst_e opH4.,5,5.0,5.5, 6.0 and 6.5, respectively, with 6 M HC
and then a%if8tiglen ﬁi@%@ﬁ)@tﬁ%ﬁﬁé%i/vas inoculated with 2 A (v/v) of an 18 h-old

culture of strain FTge4 2hikincidbatagiato?Oserianidh shoiipLl BEIALRIT tRBIPEES i guillbire

H and producti f tide. STASA, d U/ml, . determined e
Gesoribed HLICIABERTE CRIFESpRS RIBAE e doHE ) AMEL(E WHECD BPWEANUY SR on
on the pro&létidh. dfepeptichgSEASALO cytoplBirainl k4S8 amsgooteat iny I0crebMRID birbtimtbr
18 h at 3%(?&@0@;?%\%%@@ @(,g@ptrifugation (8000 x g, 10 min, 4 C), and the pellet
e

resuspen in 10 ml sterile peptone water. Four ml of this cell suspension was used to
inoculate 200 mlogtHe Biliswisgwials eyrRRBaeofRemdfid Rbddea hathelneyiuced

into the peptide that covalently linked amino acids 9 (cysteine) and 14 (cysteine);
Figure 28 shows a hydrophobicity plot of ST4SA;



as sole carbon source; (e) MRS broth (De Man, Rogosa and Sharpe) with 2.0 - 50.0 g/l
K2HPO4 or 2.0 - 50.0 WI KH2PO4; and (f) MRS broth (De Man, Rogns,a and Sharpe)
supplemented with 0 - 50.0 g/l glycerol. In a separate experiment, the vitamins
cyanocobalamin (Sigma, St. Louis, Mo.), L-ascorbic acid (BDH Chemicals Ltd, Poole, UK),
thiamine (Sigma), DL-6,8-thioctic acid (Sigma) and Vitamin Kl (Fluke Chemie AG, CH-9471
Buchs, Switzerland) were filter-sterilised and added o MRS broth at 1.0 mg/ml (final
concentration). Incubation for all tests was at 30C for 20 h. Activity levels of peptide ST4SA
were determined as described before. All experiments were done in triplicate. Strain

ST4SA was identifié@Hes 29s820m bt ieeoRHissof Ateftititeaiiegpase ¢ PhemWEIo G/ 43 sROfN
in Figure 1, netrmotiin, gbsenceefpigment formation, and PCR with genus-specific primers

(Figure 2) and species-specific primers Figure 3). Further iéjéa;n ificatjon t ecies leve
by sugar fermentailH FaftBriie4s H8 iguf‘é%‘?eoi EniEh |§$&%{§| ¢h %tgﬁ%a?:?'éi eld
shown in Tahégiia:above. - Peptide ST4SA was inactivated by treatment with proteolytic

enzymes (Proteinase K, BRRS0 L1N3SRARAINAN LAl LEIRR X571 Rt Al 20

at 121C, as can be seenin e peptide remained active a ment _
100C and witegine A \viad qipsett26oniteldis 80, ((heatrED PA4 N P i1 X160 Crapiel Byvalo -

activity Was§l

_ @S‘S%fé‘?ﬁ inqulalion ALkl valyesHangingftem 4-0 ©i04Takble Zbleen at 60X
Peptide ST

A inhibited a large number of Gram-positive and Gram-negative bacteria as
shown in TARRATG%ple 4 Organism TempfC) Medium, incubation Peptide activity
Acinetobacter baurguni AB 56 8¥sBHiragiebigcBatitius ite iy Wdiohl 85e83irdhrerbbich
Clostridium &y e M R LA R M ANARIGRS R RIRRA G RS RAR 7 7 BHI

Figure 33 shows a graph representing daily measurements of feed intake of rats;

Figure 34 shows a graph representing the daily measurement of water
consumed by each experimental group of rats;

Figure 35 shows a graph representing the faecal moisture content of each
exper'iméntal groups of rats to which strain ST4, strain 423 and water controls had been
administered; and

Figure 36 shows Lisferia counts in faecal samples collected 1 day pre-infection

and 2 days post-infection from each experimental group of rats,

Table 1 shows phenotypic characteristics of strain ST4SA (sugar fermentation
feactionS);

Table 2 shows differential characteristics of strain ST4SA;

Table 3 shows the efféct of enzymes, temperature, pH and detergents on peplide ST45A;

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 antibiotics;

Table 7 shows adhesion of peptide ST4SA fo pathogens;

Table 8 shows extracellular DNA recorded after treaiment of pathogeﬁs with
peplide ST4SA,

Table 9 shows B-galactosidase acfivity recorded after the treatment of pathogens
with peptide ST4SA,;



Enterococcus faecalis LMG 13566, E77, E80, E9 37 MRS, aerobic FA2, 20,21 Escherichia
coli EC1 37 BHP Klebsiela pneumoniae KP31 37 BHI Lactobacillus acidophilus LMG 13550
37 MRS, anaerobic Lactobacillus bulgaricus LMG 13551 37MRS, anaerobic Lactobacillus
casei LMG 13552 37MRS, anaerobic
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Table 10 shows operation of the GIM (computerized);

Table 11 shows survival of strain ST48A and production of peptide ST48A inthe
GIM - Lisferia monocyfogenes was used as térget organism {pathogen). The values are
an average of three trials. The nutrients used were NAN Pelargon (Nestlé) and MRS
(De Man Rogosa medium, Biolab), respectively.;

Table 12 shows antibiotic resistance of strain ST4S8A,

Table 13 shows growth of strain ST4SA in the presence of different
concentrations of Trimethoprim-sulfamethoxazole (TMP-3MX) and Metronidazole;

Table 14 shows virulence factors that were assayed;

Table 15 shows the adhesion of sirain ST4SA to Caco-2 cell lines by plate
counting {control);

Table 16 shows competitive exclusion of strain ST4SA and L. monocyfogenes;

Table 17 shows weight ﬁgure.s for rats administered strain ST4SA, Lactovita or
unsupplemented water;

Table 18 shows B-glucuronidase activity in faecal samples of male Wistar rats
during a (A) 107 day Lactovita study and (B) a 50 day strain ST4SA study. Values are
mM p-nitrophenol released per 2 hours. Standard error values are shown in
parenthesis;

Table 19 shows the purification of peptide ST48A 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 faciorial design (FFD) with CSL and CWp as components
to determine which media had the most significant effect on peptide ST45A production;

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

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

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;



Lactobacillus curvatus LMG 13553 30 MRS, anaerobic Lactobacillus fermentum LMG 13554
37 MRS, anaerobic Lactobacillus helveticus LMG 13555 42 MRS, anaerobic Lactobacillus
plantarum LMG 13556 37 MRS, anaerobic Lactobacillus reuteri LMG 13557 37 MRS,
anaerobic Lactobacillus sakei LMG 13558 30 MRS, anaerobic Leuconostoc mesenteroides
subsp. cremoris LM 30
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Table 28 shows the results of resistance testing of E. mundlii ST4 against

antibictice and anti-inflammatory drugs;

Table 29 shows the effect of antibiotics and anti-inflammatory medicaments on

adhesion of ST4SA to Caco-2 cells;

DETAILED DESCRIPTION OF THE INVENTION

‘The invention describes a strain of the bacterium Enferococcus mundtii
that resists intestinal stress conditions (e.g. low pH, bile salts, salts, pancreatic
enzymes) and produces a broad-spectrum antibacterial peptide, namely peptide
ST4SA. The strain of Enferococcus h?undﬁi which produces the peptide ST4SA has
been deposited with the ATCC (American Type Culture Colieétion) and the assigned
number is PTA-7278, Acti\}ity has been observed against a large number of Gram-
positive and Gram-negative bacteria, most of these isola_ted from middle—_ear infections
and the intestine. Examples of bacteria inhibited are as follows: Acinefobacter baumani,
Bacillus cereus, Clostridium tyrobutyricum, Enterohacter cloacaé, Eschetichia coli,
Klebsiella pneumoniae, Listeria innocua, Psetdomonas aruginosa, Staphy!ococcus
aureus, Staphylococcus camosus, Streptococcus caprfnus, Streptococeus
(Enferococcus) faecalis, Streptococcus pneumoniae, and a number of clinical strains of
unidentified Gram-positive and Gram-negative bacteria isolated from infected middle-
ear fluid samples. This is a large specirum of activity, specifically against such a variety

of human pathogens.

A number of broad-spectrum antibacterial peptides with aclivity against‘
Grammnégative bacteria have been described, e.g. pentocin 35d produced by
Lactobacillus pentosus, bacteriocin ST151BR produced by Lactobaciffus pentosus
ST151BR, a bacteriocin produced by Lactobacillus paracasei subsp. paracasei,
thermophylin produced by Sfreptococcus termophyius, peptide AS-48 produced by
Enterococcus faecalis, a bacteriocin produced by Lacfococeus lactis KCA2386 and
enterocin CRL35 produced by Enterococcus faecium. However, the activity spectrum of

these peptides are much narrower than that recorded for peptide ST45A, as may be



MRS, anaerobic Listeria innocua LMG 13568 30 BHI, aerobic Pediococcus pentosaceus
LMG 13560 30 MRS, anaerobic - Prop. acidipropionici LMG 13572 32 GYP, anaerobic -
Prop/on/bacterium sp. LMG 13574 32 GYP, anaerobic + Pseudomonas aeruginosa 1, 7 37
BHI, aerobic Staphylococcus aureus 6, 13, 33-38 37 EH!
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seen from the species sensitive to peptide ST4SA listed above. The broad spectrum of
activity, especially againet pathogenic bacteria, renders peptide ST48A ideal for the
control of bacterial infections, especially midd[e—ear infections (since the peptide is
active against a large variety of middle-ear pathogens), as well as pathogens involved in
secondary wound infections (the peptide inhibits the growth of a number of these
pathogens). Pathogens isolated from infected middle-ear fluid were Acinefobacter
baumani, Escherichia cofi, Klebsiella pneumoniae, Pseudomonas aruginosa,
Sfaph ylococeus atreus, Staphylococcus camosus, Streptococceus pneumoniae, and a

number of unidentified Gram-positive and Gram-negative bacteria.
Materials and Methods
fsolation of strain ST4SA and identification to species level

Soay bean extract, obtained from soy beans that have been immersed in
sterile distilled water for 4h, was serially diluted and plated onto MRS Agar (Biolab),
Biolab Diagnostics, Midrand, SA), supplemented with 50 mg/l Natamycin (Delvocid®,
Giét—brocades, B.V., Delft, The Netherlands) to prevent fungal growth. The plates were
incubated at 30°C and 37°C for two days.

Colonies were at random 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'enaration Kit (Oxoid). The colonies were covered
with a third layer (ca. 10 ml) semi-solid (1.0 % agar, w/iv) BHI medium (Merck,
Darmstadt, Germany), supplemented with 1 ml active growing cells (ca. 10° cfu/ml) of
Lactobaciflus casei, Enterococcus faecalis, Staphylococcus aureus, Pseudomonas
aeruginosa, Klebsiella pneumoniae, Streptocobcus pneumoniae and Staphylococcus

aureus, respectively. The plates were incubated at 37°C for 24 h.



Staphylococcus camosus LMG 13567 37 BHI, aerobic Streptococcus caprinus TS 1, TS2 37
BHI, aerobic Streptococcus pneumoniae.3, 4, 27, 29 37 BHI, aerobic Stre tococcus
thermophilus LMG 13565 42 MRS, anaerobic Peptide ST4SA was purified by gel
filtration shown in Figure 4 and is in the range of 3400 Da, as seen from Figures 4 and 5. The
peptide had no cytotoxicity when tested on Vero cells as described hereinbefore.

Strain ST4SA has two plasmids as shown in Figurey§A. Curing the strain 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) (Pipuné BB oftidesrovdltebih st iate yarioathosding ipelpded in
ST4SAis logated-on tha genome buretmotesconidgatione 1esaplasinids ibywiaesalis.

1 1r L A A RS AS

(not shown)tdid not convert the strain to a peptide ST4SA producer, confirming that the genes
encoding pSHRAKIST 41prSMR o P YR I6E4HESon e RFBIRe\SIIRRIERIA S8BIN ST45fhe
sequence of\pepticeSdidtivis/indicatadiimEiDbyaidianthihegseqpenesstistgend is indexedas
SEQ. ID. NO. 12 for the purposes of this invention. The sequence of the transporter and
immunity peptides are indexed as SEQ. ID. NOs 14 and 16, respectively, for the purposes of
this invention. TheheNalisequandegwbilstram ETudh wansories dydiraniniye gsties
are indicate i 5aueg B e SpHFRch ITUAI IS ALEIIRIRAGH AERAID D5 1= %)

and 15, respectively, for t_h%gurgoses of this specification. . Production of pigtl e .
ST4SA in ditéfera griaTddisAsWagiGRpEHeri QY ey UgRi IBaNh W AMGE e o Mg alth
grO(\thh prllﬂ cmemﬁwtm@M&‘t‘a@r@obml'l&rgi,sgomﬁxaddm Fioerdhibt ﬁaynemlmmdf t® ﬁge ui
evident that peptide. ST4SA is gptima oduced in MRS hroth at an initial pH of 6.0 and 6.5,
and is stimﬂ%gﬁi@f %%%e(ﬁf@t%ﬁw%boﬁé} R@q-t E”bﬁu %%?é(?%rﬁ'ﬁrﬁﬁg?gg'e, or in the
presence of vitamins C, B1 and DL-6,8-thioctic acid. Production of peptide ST4SA is

indicated in Figure 10 M%x'm@rqg,%%ﬁggno\pma@g%%%ﬁ&%dlé p%@f&%ibaz_(rame“zg%

fragment containing an adhesion/immunity gene is indicated in Figure 11, and is indexed as

SEQ. ID. Nbioehastitnk Giaissierdsbeshis Rigasidgpmation wasgiagirststedSpimdps PIgA
produces a {jieRckSPESSIDN ABHMHCHRAY '%hﬁ?@ﬂﬁl@.(%ﬁ&@%ﬁi&ﬁéﬂdﬁimaﬁﬁt@ﬁmwmamauere
number of pathogens. The structural gene encodi%gh}] el aderépeftid_e and. r0£e tideM :
(collectively RABHALEAAE BROEAIAPR ok @BbATh e L endcs! Sl SIaR e Maie
6B). Only oriEtkiehFyanessndtureryasdetahtesh Sisggdisting fthratrdatpeneipeptide 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 mEdhal a major role in rendering immunity to peptide ST4SA, or harbours genes
important in key metabolic reactions.

Compound/Derivative E. mundtii ST45A fermentation
Conirol
Glycerol - +
Erythrifol
............... D”arabinose
L-arabinose ++
Ribose T+
D-xylose L -
L-xvlose
Adonitol _ -
Mathyl-xyloside e —
Galactose e +t
D-glucose it
D-fructose ]
D-mannose +t
| -sorbose
Rhamnose +t
Dulcitol
inositol
Mannitol b R
Sorbitol it
Methyl-D-mannoside T 5




27 Further evidence that ST4SA is a strain of Enterococcus mundtii was obtained by
species-specific PCR (pc,,lymerase chain reaction) with primers designed from conserved
regions on 165 rDNA using:. SEQ. ID. NO. 16: Forward primer: AACGAGCGCAACCC, SEQ.
ID. NO. 17 Reverse primer GACGGGCGGTGTGTAC. A 306 base-pair fragment was
amplified (shown in Figure 3). Sequencing of the DNA fragment yielded 98% homology with
conserved 16S rDNA fragments in GenBank. 17 The structural gene (encoding the
propeptide ST4SA), the transporter genes and the immunity gene have been sequenced and

their respectlve amlno acid sequences translated from the DNA sequences (Figure 8).
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Table 2

Characteristic Strain ST4SA

CO; from glucose -

Growth at 10°C +

Growth at 45°C o+

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



Table 7. Adhesion of peptide ST4SA to pathogens. % Binding of peptide ST4SA to the
target cell (pathogen) Peptide ST4SA at 6 400 AU/ml Peptide ST4SA at 204 800 AU/mI 0
50758894 100060758894 100 Streptococcus pneumonia 27 29 Streptococcus pyogenes
Pseudomonas au ri nginosa Klebsiella pneureoniae SO Middle ear isolates (unknown) 13 17
25 40 SW CW ow HVV GVV Further evidence of cell membrane damage and
leakage of cellular constituents was obtained by tegging for extracellular DNA and extracellular
8- galactosidase activity. The results are shown in Tables 8 and 9, respectively. The results
indicate that DNA and 13-galactosidase leaked from cells damaged by peptide ST4SA.
f3-galactosigtasereagag@iofas faferecocdad foigatepathogensedumtoaerfaet!i (Figure 3). A

50 bp DNA fragment {Amersham Bioscience, UK Limited, UK} was used as marker,
Primers used to generate the 306 bp fragment (shown in Figure 3) were designed from
suitably conserved regions on 163 rDNA.

SEQ. ID. NO. 1: Forward primer: AACGAGCGCAACCC,;

SEQ. ID. NO. 2: Reverse primer: GACGGGCGGTGTGTAC

Sequencing of the DNA fragment revealed 98% homoiogy with conserved

16S rDNA fragments in GenBank.
Expression of antimicrobial activity

Antimicrobial activity was expressed as arbitrary units {AU) per micell-free
supernatant. One AU is defined as the reciprocal of the highest dilution showing a clear
zone of growth inhibition and is calculated as foilows:
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 diamgter. Activity is expressed per ml by

multiplication with 100. Lacfobacillus casei LHS was used as indicator strain.

Characterization of the antimicrobial substance

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

Aliguots 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



30 that not all species have high intracellular levels of this enzyme. Table 8. Extracellular DNA
recorded after treatment of pathogens with peptide ST4SA. PathogenDNA-lealge (0.D.
readings at 260 nm) Streptococcus pneumoniae 271.670 291.182 1.160 Streptococcus
pyogenes 200.930 Pseudomonas auringinosa 0.187 Staphylococcus aureus 360.892
Klebsiella pneumoniae 301.01 Middle ear isolates (unknown) 400.801 BW1.186 DVV1.153
1A28 HW1.559 GWO0.751 0.455 0.592 19

-samples were then tested for antimicrobial activity, as described before.

Table 3

Treatment B Peptide ST4SA
Enzymes:
a-amylase +
Proteinase K -
pepsin -
pronase -
pH:
2.0-120
- Hest:
30, 60, 100 °C for 10 min
30, 60, 100 °C for 30 min
30, 60, 100 °C for 90 min
Detergents (1%):
SDS
Tween 20, Tween 80
urea
Triton X-100
Triton X-114
EDTA.
0.1 mM, 1.0mM, 2.0 mM +
Key: - = no activity; + = activity zones of at least 5mm in diameter

e

o+ o+

+ + + +

t

In a separate experiment, samples of peptide ST45A 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%, viv, ODegonm = 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), desalted against distifled water

by using a 1000 Da cut-off dialysis membrane (Spectrum Inc., CA, USA) and loaded on



0.326 Control Enterococcus spp. HKLI-IS1.395 31 Table 9 Pathogen p-galactosidase
recorded at C)D420  Streptococcus pneumoniae 27 29 No leakage No leakage No leakage
Streptococcus pyogenes 20

20

a SepPak C18 column (Water Millipore, MA, USA). The column was washed with 20%
{vlv} iso-propanclin 256 mM ammeonium acetate (pH 6.5) and the bacteriocin eluted with
40% iso-propanol in 25 mM ammonium acetate (pH 6.5). After drying under vacuum
(Speed-Vac; Savant), the fractions were pooled and dissolved in 50 mM phosphate
buffer, pH 86.5. The active fractions were further separated by gel filiration
chromatography in a Superdex™ 75 column (Amersham Pharmacia Biotech) linked to
an AKTApurifier (Amersham) (Figure 4). Elution of the peptide from the column was
with 50 mM phosphate buffer and 400 mM NaCl, pH 6.5. Peptides were detected at
2584 nm and 280 nm, respectively, . Fractions containing the active peptide were
coliected, dried under vacuum and stored at -20°C. Activity tests were performed by

using the agar spot method.
Size defermination

Strain STASA was grown in MRS broth (Biolab) for20h at 30°C. The cells
were harvested by 'centrifﬁgation (8 000 x g, 10 min, 4°C) and peptide ST4SA
precipitated from the cell-free supernatants with 80% saturated ammonium sulphate,
The precipitate was resuspended in ane tenth volume 25 mM ammonium aéetate (pH
8.5), desalted against distilled water by using a 1000 Da cut-off dialysis membrane
(Spectrum Inc., CA, USA) and separated by tricine-SDG-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 with 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 celis were grown in tissue culture plates
for 48 h and then exposed to various concentrations of the antimicrobial peptide. After

48 h of incubation, cell viability was tested by freating the cells with tetrazolium salt MTT



Staphylococcus aureus 36 Klebsiella pneumoniae 30 32 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 pathogen was inoculated into Bl-11 broth. Peptide ST4SA was
added to each pathogen 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. 33 The survival of
Enterococcl$-hbndticTdBiazohe-gealmmetbidialvomijetededdry hsroideld Sigiabinboed Sion,
shown in Fige3) by prodD& fi{@%ﬁ%@@h!ﬂ%ﬁﬁ%ﬁ!@%%ﬁ@%ﬁ@ﬂ@ﬁ.A"ﬁ?e speandmessel
the duodenum, vessel number three the jejunum and ileum, and vessel four the colon. Flow of
the nutrientS'WYE RIRNERSHIRP JBBREERSH software. The pH in the different sections of the GIM
was regulated by the peristaltic addition of sterile 1N HCI or IN NaOH, Each section was fitted

with a highly sensitive pH prohke, linked to a control unit and,'computer.. The flow rate of ..
nutrients through the Gllhﬁ/ﬁ%a;h%%usﬁ 2660 dirﬁfav% a m?%?nt“%’alrgtecs?ﬁﬂg? ralt gﬁdiﬁgﬁgde
simulating acshoeenétigféstivekadt wewirahbs erdusalich eddtty Hlubhifatiohcandl thiidrioeeasad

stress onto {hg BRIl FQEnLTantor f?ﬁséh@%gge(@@mw@dﬂtﬁgé@,%eﬁ%b{faéﬁme%f@ﬁe)

were evaluated. Dosage with the probiofic bacterium (ST4SA) was according to prescription,
i.e. 108 vialtEsells (cfu) per ml. The probiotic cells were suspended in saliva. The
pancreatic-bile solution contained NaHCOS3, pancreatin and oxgall, dissolved in distilled water.
The conditignssddnisheGIM were as summarized in Tables 10 and 11. Table 10 Time
(min.) pH Growth medium Pancreatic-bile solution 0- 4 Nutrients pumped into stomach

vessel. Dosage with strain ST4SA (108 cfu/ml) 4-44 5.2 Incubation in stomach 44 - 64
Total DNA was isolated. Plasmid DNA was isolated, after which the DNA

was further purified by CsCl density gradient centrifugation. The DNA was separated
on an agarose gel (Figure 6). Lambda DNA digested with £coR! and HindHi (Promega,

Madison, USA) was used as molecular weight marker.
P!asmfd'curing

Curing experiments were conducted. Cells of Ent. mundtii STASA were
incubated in the presence of novobibcin (1-25ug mf! yfor 72 hat 37°C. The culture
which grew at the highest concentration of novobiocin was senally diluted with sterile
saline and plated out onto MRS agar plates. After overnight incubation at 37°C, the
colonies were replica-piated and the criginal plates overlaid with cells of Enferococcus
faecalis LMG 13566. Afler a further 16 h of incubation at 37°C, the colonies were

checked for loss of antimicrobial activity.
Conjugative fransfer experiments

- Filter mating experiments were done. An overnight grown culture
(0.25 mi) of Ent, mundtii STASA and Ent. faecalis FA2-2 were added to 4.5 mi MRS,
mixed and filtered through a 045 pm pore-size sterile membrane filter (HAWP,
Millipore). The membrane was placed onto a MRS agar plate and incubated overnight



49 64-1084.5 108-1284.1 128-154 3.7 154- 156 Pancreatic-bile solution pumped
into the duodenum 154 - 158 Stomach contents pumped to duodenum 158 - 274 6.5
Incubation in duodenum

22

at 37°C. The celis were washed from the filter into 1 mi MRS, serially diluted and plated
1

onto MRS agar plates containing 25 ug mi’
AU ml” crude peptide ST4SA. The experiment was repeated with £nf. faecalis OGX1
as recipient. In this case the selection was done on plates containing 1 mg ™
straptomycin and 2000 AU mI” crude peptide ST4SA. Colonies were selected at
random and checked for production of peptide ST4SA and screened for plasmid
content, as described before. A colony of conjugated cells of Ent. faecalis OGX1 which

.« qe . -1 . .
fusidic acid, 25 ug mi™ rifampicin and 2000

contained pST48A was cultured and the cell-free supernatant was subjected to activity

tests, as described before.
Detaction of the genetic elements encoding peptide ST4SA and DNA sequencing.

. Total DNA was isolated. The DNA primers used to amplify the structural
gene, transporter gene and immunity gehe (listed below) by PCR, were designed based
on partial sequences published for other antimicrobial peptides. Sequencing was
performed with an AB! Prism™ BigDyeTM Terminator Cycle Sequencing Ready Reaction
kit on a ABI Prism ' 377 DNA Sequencer (PE Applied Biosystem, Foster City, USA). A
database search was performed by using the BLASTN and BLASTX programs of the

National Center for Biotechnology Information (NCBI), Bethesda, MD 20894, USA.

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. 8: immun-a: TTCCTGATGAACAAGAACTC (forward)

SEQ. ID. NO. 10: Immun-b; GTCCCCACAACCAATAACTA (reverse)



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 Table 11 GEM
section Cfua/m1 in NAN Pelargon Bacteriocin activity (>25 600 AUb/m1) Cfu/mlin MRS broth

Bacteriocin activity

23

Production of peptide ST4SA in different growth media and at different initial growth pH

values

An 18 h-old culture of strain ST4SA was inoculated (2 %, v/v) into MRS
broth, BHI broth and M17 broth (Merck, Darmstadt, Germany), respectively. Incubation
was at 30 °C and 37 °C, respectively, without agitation, for 28 h. Samples were taken
every hour and examined for bacterial growth (OD at 600nm), changes in culture pH,
and antimicrobial activity (AU/ml) against {.. casei LHS. The agar-spot test method was

used as described before.

In a separate experiment, the effect of initial medium pH on the production
of peptide ST4SA was determined. Volumes of 300 ml MRS broth were adjusted to pH
4.5, 5.0,5.5,6.0and 6.5, respectively, with 6 M HCI or 8 M NaOH and then autoclaved
(Figure 9A). Each flask was inoculated with 2 % (v/v) of an 18 h-old culture of strain
ST4SA and incubated at 30 °C for 20 h without agitation. Changes in culture pH and
production of peptide ST4SA, expressed as AU/mI, were determined every hour as

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

Strain ST48A was gfcwn 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 m! sterile peptone water. Four ml of this ceil suspension was used to inoculate
200 mi of the following media: (a) MRS broth (De Man, Rogosa and Sharpe), without
organic nutrients, supplemented with tryptone (20.0 g/l), meat extract (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 gfl} plus yeast extract (10.0 g/f), or a
combination of tryptone (10.0 gfl}, meat exiract (5.0 g/l} 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,
lactose, mannose, and maltose, respectively; (d) MRS broth with 0.1 ~40.0 g/l fructose



(>25 600 AU/m1) Inoculum 1.6 x 10 1.2 x 107 6.0 x 10 + Stomach 3.7 x 107 + Duodenu m
2.5x106 10x10+ Jejenum 1.0 x 107- + 1.3 x 10731 0 x 106 + lleum 5.0 x 10- +
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roth (De Man, Rogosa and Sharpe) with 2.0 - 50.0 g/I

b
Oy and {(f) MRS broth (De Man, Rogesa and Sharpe)

as sole carbon source; (&) MRS
e
{ &y vy

W LMy, A~ 2 0 [~ alya
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(RN ]

supplemented with 0 — 50.0 g/t glycerol. In a separafe experiment, the vitamins
cyanocobatamin (Sigma, St. Louis, Mo.), L-ascorbic acid (BDH Chemicals Ltd, Poole,
UK), thiamine (Sigma), DL-6,8-thioctic acid (Sigma) and Vitamin K (Fluka Chemie AG,
CH-2471 Buchs, Switzerland) were filter-sterilised and added to MRS broth at 1.0 mg/ml
(final concentration). Incubation for all tests was at 30°C for 20 h. Activily levels of
peptide ST4SA were determined as described before. All experiments were done in

‘tripticate.

Strain ST4SA was identified as a strain of the genus Enferococcus, based
on morphology, as shown in Figure 1, non-motility, absence of pigment format‘io-n, and
PCR with genus-specific primers (Figure 2) and species-specific primers (Figure 3).
Further ide_ntification to species level was by sugar fermentation patterns as shown in

Table 1 and physiological characteristics as shown in Table 2 above.

Peptide ST4SA was inactivated by treatment with proteoclytic enzymes
(Proteinase K, pepsin, pronase, papain and trypsin), Triton X-114 and after 20 min at
121°C, as can be seen in Table 3. The peptide remained active after treatment for 90
min at 100°C and when treated with Tween 20, Tween 80, urea, EDTA and Triton X-
100 (Table 3). No activity was lost after incubation at pH values ranging from 2.0 to
12.0 (Tablé 3). |

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

negative bacteria as shown in Table 4.



+ aCtu = colony froming units (i.e. number of viable cells) bAU = arbitrary units (thus
reflecting antimicrobial activity) Survival of strain ST4SA against a pathogen was
tested by infecting the GIM with Listetia monocytogenes. The survival of strain ST4SA and its
ability to produce the antimicrobial peptide ST4SA in the GEM was monitored (results shown
in Table 12). Table 12 35 Metronidazole Methicillin Neomycin Novobiocin+++ Nystatin
Oflaxacin++ Oxacillin Rifam icin+++ Tetracyclin +£8 Streptomycin Vancomycin++ Penicillin
+++

Table 4

~ Organism 1 temp.(eC) | Medium, incubation | Peplide activity |
Acinetobacter baumanii AB16 37| BHI, aerchic +
Bacillus cereus LMG 13668 37| BHI, aerobic +
Clostridium tyrobutyricum LMG 13571 30| RCWM, anaerobic +
Enferobacter cloacaels : 371 BHI + i
Enterococcus faecalis MG 13586, E77, E80, E9 37| MRS, aerobic +
FAZ2, 20, 21
Escherichia coli ECA 37| BHI +
Kiebsiela pneumoniae KP31 37| BHI +
Lactobacillus acidophiius LMG 13560 37! MRS, anaerobic -
Lactobaciius bulgaricus LMG 13551 37 MRS, anaerobic -
Lactobaciflus casel LMG 13552 37 MRS, anaerpbic -
Lactobaciflus curvatus LMG 13553 30 MRS, anaercbic -
Lactobacifius fermentum LMG 13554 371 MRS, anaerobic -
Lactobacillus heiveticus L MG 13555 421 MRS, anaercbic -
Lactobacillus plantarum LMG 13558 37| MRS, anaercbic -
Lactobacifius reuteri LMG 13557 37| MRS, anaerobic -
Lactobacillus sakei LMG 13558 30| MRS, anaerobic +
Leyconcstoc mesenteroides subsp. cremoris LM 307 MRS, anaerobic -
Listeria innocua LMG 13568 30| BHI, asrobic +
Pedincocous pentosaceus LMG 13560 30| MRS, anasrobic -
Prop. acidipropionici LMG 13572 32| GYP, anaerobic -
Propionitactetivn sp. LMG 13574 32{ GYP, anaerobic +
Pseudomonas aeruginosa 1, 7 37| BHIi, aerobic +
Staphylococcus aureus 8, 13, 33-38 371 BHI +
Staphylococcus carnosus LMG 13567 37! BHI, aerchic +
Streptococcus caprinus TS1, TS2 371 BHI, asiobic +
Streplococeus pneumoniae 3, 4, 27, 29 37| BHI, aerchic +
Strepiococcus thermophilus LMG 13665 42 | MRS, anaerobic -

Peptide ST4SA was purified by gel filfration shown in Figure 4 and is in
the range of 3400 Da, as seen from Figures 4 and 5. The peptide had no cytotoxicity

when tested on Vero cells as described hereinbefore.

Strain ST4SA has two plasmids as shown in Figure 6A. Curing the strain -
of these plasmids did not result in loss of aniimicrobial 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 ST43A is located on the genome.
Furthermore, conjugation of these plasmids o0 E. faecalis (not shown) did not convert
the strain to a peplide ST4SA producer, confirming that the genes encoding peplide
ST4 production are located on the genorﬁe of strain ST4SA.



Key: - no zones (resistance to antibiotic); + = inhibition zone, diameter 1 to 11mm; ++ =
inhibition zone, diameter 12 to 16mm; +++ = inhibition zone, diameter larger than 17mm.

As may be concluded from the results presented in Table 12, strain ST4SA survived in all
sections of the intestinal tract. 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 bothzgxperiments the cell numbers did not
decrease by more than one logarithmic cycle (see Table 13). Table 13 Antibiotic (mg) Number
of viable cells of strain ST4SA Control 1 x 108 TMP-SMX 20/100 7 x 104 TMP-SMX 40/200 8
x 104 TMP-SMX 60/300 B% seaurnre-einxrioedot B4 it nomatokindisuss Jiansohessarsace

Metronidazqig:400:x:40Mefkanigaznien200 3x0104 &6 msybisricain STHRAqSesisiant ke

sulphonamides, cloxacillin, metronidazole, methicjjlin, neomycin, nystatin, oxacjllin.an
streptomyciASEHIEe1 3) the transpediqAng R /Rﬁﬂ%dggé%%é{?éﬁ)% has)éaé&g'qﬁ los 14

Trimethopriemaultameathexihzaie {diiie- Siip)sesdidthiMetranitiazole to prevent diarrhea. NAN
Palargon was supplemented with different concentrations of the latter antibiotics and the

effect on strain ST4SA determined after 18h at optimal growth temperature (37C).
The DNA sequences of the structural, transporter and immunity genes are

indicated in Figure 8 and the sequence listing, and are indexed as SEQ. 1D. NOs 11, 13

and 15, respectively, for the purposes of this specification.

Production of peptide ST4SA in different growth media is indicated in
Figures 9A and 9B. The influence of initial growth pH on peptide ST45A production is
indicated in Figure 8A. From these results, it is evident that peptide ST45A is optimally
nroduced in MRS broth at an initial pH of 6.0 and 6.5, and is stimulated by the presence
of 10 — 20 g/l KsHPOy4, 15.0-20.0 g/l fructose, or in the presence of vitamins C, 8'1 and
DL-6,8-thioctic acid.

Production of peptide ST4SA is indicated 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 ST4SA produces a broad-spectrum antimicrobial
peptide (peptide ST4SA) with activity against a number of pathogens. The structural
gene encoding the leader peptide and propeptide (collectively 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 ST48A, or harbours genes

important in key metabolic reactions.



As may be concluded from the results presented in Table 4, TMP-SMX and Metronidazole
decreased the cell numbers of strain ST4SA with four log cycles. However, increased
concentrations had no drastic effect on viability. The incidence of virulence factors in ST4SA
To develop strain STASA as a probiotic, it is important to know if there are any virulence
factors associated therewith. Primers have been designed for the genes encoding the
following virulence factors: Vancomycin resistanceX¥anANanB); production of gelatinase
(Gel); aggregation substance (AS); adhesin of collagen from enterococci (Ace), enterococcus
surface protein (Esp); haemolysin/bacteriocin a%: ) and non-cytolysin beta hemolysin genes.
The DNA of strain ST4SRURplifeifReetHeat g%%ﬁn‘%% SHaIEaPE d-tHararRCSHAIAHBEE HEts
have the gefie:siRBE0HiRG AABSAMYEHL PORIANGO ULIRINaSE ARG DRE I egRiORlesigned
substance, and collagen adhesion. Bafe?ﬁj n.present results, strain ST4SA is not pathogenic
and should %8@0%%% Qiﬁeaéﬁ?i%%%ﬁ@n Hg)#%b'égl%d. As peptide ST4SA has a
broad spectpinf dammicrobialractidity;ractingfdb@mSICaULMAEET ©f Gram-positive and Gram
negative bagierjayihgmore el aglian Ahpepide. STASAGRRPE3S i ce 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 ydiG: e ARRIsAAbLI M@%iﬁéw%a%@mﬁz Figure 3) G@gidhisng
hypothesis, t Gfbu@é%ﬁgﬂat site of L ctoté)/acillus sakei DSM OOl%}(jsensitive to e%ide )
ST4SA) wel LTSN AR SRR IR 7 f e DUPRIRAL L D, SRBRANh, Py tiodiAg) gments in
VancomyciiadBergs to the amino acid side chain of the Lipid Il molecule, which would,

theoretically, prevent peptide ST4SA from binding to the same site (that is if Lipid Il acts as
receptor). Treatment of target cells (L. sakei DSM 20017) with a combination of vancomycin

and peptide ST4SA, howé\epliiedunalosengrérneriinib iienpilergiaie of tdiodlatin; iseesPuyige
26), suggesiighatdaraelsies AN RaRbPILE AR ARlNGa S RCeRIP e BERRRIIIM RS 4o

The fact that peptide ST4ASA binds to more than one anchoring site on the sensitive cell may
explain why fIEOSER I sIRtEd EpsrimPorhRtrenssEeiiRy linhibitory to Gram-positive
and Gram-negative bacteria). The Applicant is aware of the fact that Nisin (a lantibiotic) binds
to Lipid II, as shown in Figure,26.in which trea f L. sakei DSM 20017 with yancomycin
prevented the binding of IeSISI’;[ §'¥ eCEiB?cP %’I&[%t;%fﬁﬁe?USpendﬁBéBt%%rgel'gféﬁﬁ%agﬁ?v%’ as
hydrophobitsgégfioalk tiRigta R sviacpicaririnmrereAfgtdaviti ‘Ghosphd Bpidwic iFiglirend@ibrdies
after it has foroed ArariNMindhg ogeptRssie g0 s telballeEnfaicahomeerilia o

hydrophobic regions, more specifically between amino acid 29 (serine) and amino acid 30

(alanine) (FigareeePRigfroraTrexiBRK Ahr fhe rédepidheSstirtule BAUIRRICHR difaliitgyer
area, whichayouil sl the G-taisingl belohiheppeiisiele endandispioeiediealing
the phospholipid-rich.cell memhrane. To test this othesis, the two sections o tide.
STASA (PGB I BN ETTB R (FLBA KEFE A BH G F AR T WAE B sy led
based on thveatemipecid S8¢Gdntaydaucad fooithtbhe \BieAsseipfch teofipastri@iural 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 position 29 and alanine at position 30). A
disulfide bridge was intrdéi@céatiabneéctipkfiife SIHSIn Welbapahatiswsyase stz dniced alpiing-
acids 9 (cysfgingarmiich 14 ABNoHgiNGh aladiiewa helandrthadyll RERIER SROMPIRE: 438
KYYGNGV§CNKKGCSVDV\/ KAIGIIGNNS. C3 . The disulfide bridge servedtg
stabilize th& SHARGIRGELF8 pEpIIET FraghiircedJnidried B ISt nyarephdbid e ditiption
indicated bydheseneigted ragibiy(six BNiNo acids from position 21 to 26, viz. AIGI1G). This
part of the molecule recognizes the receptor on the cell wall of the target (sensitive) organism.
Fragment 2 comprised the last 13 C-terminal amino acids in the second hydrophobic loop
downstream of the hinge area, plus the preceding 11 amino acids just before the hinge area
(between serine and alanine): Fragment 2: KAIGILGNNSAANLATGGAAGWKS

Treatment of sensitive cells with these two fragments of peptide ST4SA indicated that both
fragments (sections) of the molecule are needed for antimicrobial activity. It would thus seem



40 cells were studied in vitro with human cell lines. In vivo studies were performed in rats.
The human intestinal cell lines used in the study were from the human colon adenocarcinoma
and included Caco-2 cell lines, HT-29 and HT29-MTX (mucus-secreting cells). The cell-lines
express morphological and functional differentiation when grown under standard culture
conditions and show characteristics of mature enterocytes, which include polarization, a
functional brush order and apical intestinal hydrolaggs. Adherence of strain ST4SA to
host cells is influenced by cell surface carbohydrates, the Efa A protein, the Ace (adhesin of
collagen from enterococci) protein and aggregation substance (AS), related to pathogenicity.
AS is an adfwdsia S/histtiviigdibpeptide BTHatom elpsif df@kﬁps that allows the highly efficient
transfer of-the-sexpheromone ptasmid- eerasa (aulRENiS study, strain
ST4SA was screened for virulence traits, bile.salt hydrol -activity;-and the ability to
adhere to tHéeF§ A %féﬁ‘chte like cell line Caco-2, comAp% % exclusion while adhering to
the Caco-2 eellife; @ne invthe itvwitio gastrointestinal (GIZ$fadel In addition, cell surface
hydrophoblg%(gf@gy@% M%ggg{mjned Virulence factorsgzss The presence of virulence
factors, viz..vancomycin-resistance (VanANanBNanGINanG2NanC3);-preduction 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
were studieg, gy %V'HB&ﬁ%ﬁs%dé‘PE%%tﬁﬁ!ﬁ@i‘%@@'@ﬂéﬁ%%ﬁ‘i%ﬂ@'ﬂé@d@%@%@ﬂ
according 10 standard methads. The primers.designed for.amplification-of the-latter genes
were as described. The r()(at%Jlts are shown HRTSERE Cf4“'ﬂ'i‘“955°'\75r9"|‘:§7\)/an C1/21 3 Gel Efa-
Afrn Efa- At... tl 1 u) act Ace -

- Ampicillin (10pg) 24
Bacitracin (10 units) 10
Chloramphenicol {30pg) 28
Erythromycin (15459) No zone
Tetracycline {30pg) 35
Peptide ST45A 25

Binding of peptide ST4SA to target cells is important 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 results, at least 75% of peptide ST4SA binds to the pathogens
tested. Adhesion of peptide ST4SA to the target cell leads to penetration and disruption

of the cell membrane (Figure 14).

Table 7. Adhesion of peptide ST45A to pathogens.

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

Peptide ST4SA at 6 400 AU/ml- Peptide ST4SA at 204 800 AU/mi
Pathogen 0 &0 75 88 94 100 0 50 75 88 894 100

Streptococeus phetimoniae :

27 + +

29 ) 4 -

> + +
Streptococcus pyogenes

20 + +

21 + 4




Cyl + Esp Non- cyt ST4 SA-_--- - Key: VanANanB: Vancomycin resistance Gel:
Gelatinase production EfaAfm: E. faecium endocarditis antigen EfaAfs: E. faecalis
endocarditie antigen As: Aggregation substance Ace: Adhesin to collagen from E. faecalis
Cyl: Cytolysin (13-hemolysin activity) Esp: Enterococcus surface protein Non-Cyt:
non-cytolysin beta hemolysin Il Production of Aggregation Substance (AS) Production
of AS was studied in a clumping assay in the presggce of a sex pheromone. Sex pheromone
was obtained by growing the pheromone producer, Enterococcus faecalis JH2-2, in MRS
broth at 37C for 18 h. The supernatant of a pheromone producer, E. faecalis 0G1X, was used

in dumping AEERRIRSEHRESRTer plate. Two-hundred microlitefs were inoculated (0.5%, v/v)
with strain ST4SA and microscopically examined for cell clumping aftes 2, 4, 8 and 24h. No
cell clumping was
Klebsiella pneumoniae
30 + : .
Middle ear isolates
{unknown)
13 + ' +
l17 + +
25 | + ' +
40 + +
. BW + +
CW + +
DW
F + +
HW + +
| + +
J * +
GW + +
K + +
L + +
M + N

Further evidence of cell membrane damage and ieékage of cellular
constituents was obtained by testing for extracellular DNA and extracellular -
galactosidase activity. The results are shown in Tables 8 and 9, respectively. The
results indicate that DNA and B-galaciosidase ieaked from cells damaged by peptide
ST48A. B-galactosidase leakage was not recorded for all pathogens, due to the fact



observed Production of gelatinase Production of gelatinase was tested on MRS agar
containing 30 g gelatin/liter. A clear zone surrounding the colonies after 18 h at 37C was
considered a positive reaction. No production of gelatinase was detected. 42 Production of
g-hemolysin Production of p-hemolysin was indicated by the formation of clear zones
surrounding the colonies on blood agar plates. Blood agar plates were prepared using
Columbia Blood Agar Base with 5% sheep blood. Ng production of 13-hemolysin was
observed. It is evident that the Applicant has shown that strain ST4SA does not have
the genes encoding vancomycin resistance, gelafinase production, production of the
endocarditi$hattigd | ifepaviing dbwel hishyirdtRuels) ladleyria 6é foceliay®a; and/or production of
a surface protein. Genes encoding 13-hemolysin activity and non-cytolysin beta hemolysin IlI
were detected. However, the latter two genes are not expressed (no haemolytic activity was

observed ol ?}P&%é’a&%’r” ﬁﬁﬁe‘é‘a@%@%%ﬁ)}j@‘e@ﬁﬂFf&ﬁ‘gﬁ%?trﬁré’gmi)ﬂ%?dﬁ}m%ﬁ?act|V|ty

Strain STASH $022-tested for BSH actrvrty by spottlng 100 of an overnlght culture on MRS agar
plates sup Iemeﬁted}gvr é. . of fauregle -

glL CaCl%:& s oiTarsre.”
precipitation zones were regarded BSH positive. No bile salt hydrolytic (B$H) activity
was observed for strain ST4$A. BSH activity may contribute georesistance of lactic|acid
bacteria ta the toxicity of coegugated bile salts in the duoderiu@® However, bile salf hydrolase

activity anfl resistance to bif salts are generally accepted ds'B2ing unrelated. Determination
of cell surf é/?ro hobrcr An overnight culture of E. mundtii ST4SA was washed
twice with quaet s(freng RJEPERolution (QSRS) and the OD580,,,," determined. Equal

volumes of suspension and.jy- hexadecane was added togeghwypand mixed for 2 min. The
phases were allowed to separate at room temperature for 30 min., after which 1ml of the
water- 43|Fesedoasorascuedngioicse OD580nn, determined. The OD580,™ of duplicate
assessments was averaged ‘and used to calculate hydrophobicity: % Hydrophobidity = [(
OD580,,m readingl 01D580E,,, reading 2)/ OD580,,,, readirfyi¥1x 100. From the
results shown in Figure 28 figure it is evident that strain ST4SA did not show signg of
hydrophohicity. Accordingly, the cells do not stick permanently to surfaces in the Gil. The cells
move free BERERFHUR AP the gut, which enhances the usefulness thereof as a good
probiotic. Adhesion of E. myndtii ST4SA and Listeria monogyiogenes to Caco-2 ¢ Il lines
Caco-2 cells (Highveld Biological Sciences) were seeded at a concentration of 5 x} 105 cells
per well to ghtisieflafpenemohitherence was examined by adding 100 }.t1 of bacterial
suspension (1 x 105 cfu/ml of strain ST4SA and 1 x 103 cfu/ml of L. monocytogengs) to the
wells. After incubation at 378 for 2h, the cell lines were wash@t twice with PBS. The bacterial
cells wereilysed with Trition-X 100 and plated onto MRS and BHI agar, respectively. Adhesion
was calculated from the initial viable counts and the cell lysates. Competitive exclusion
of strain STl igReriekE9Ronocytogenes was determined by inoculating 100 fijl of each
strain to th é%ﬂ%ﬂblayer After a 2h incubation period thg §84'5 were lysed and plated out
on Enterogoccus Listeria specific medium, respectively. ;o4 Caco-2 cell monolayers
were prepgred ongglass coverslips in 12-well tissue culture platgs. A suspension of ST4SA
cells was added tgthe wells. After a 2h adhesion period, the4zl lines were washed twice with
PBS, fixed with 10%formalin and gram-stained. Adherent B&&t@ria were examined
microscopically. T‘I?reVresuIts are shown in Table 15 and Taﬁlé5ﬂ6 44 Table 16 |

L O 692
M 0.326
Control

Enterococcus spp. HKLHS 1.305




Cfuirni Experiment 1 'noon'um of ST4 1 x 10* Adhesion of S14 Inom'lum of L. Monocyto
genes Adhesion of L. monocyto genes 8 x 103" IXIO5 4 x 10 Experiment 2 1 x 10 1 x 104 3 x
'104 3x 10 From the results presented in Tables 15 and 16 it is clear that E. mundtii
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 Lister/a. L. monocytogenes chgallenged with ST4ASA and survival in an in
vitro gastro-intestinal (GI7) model The antimicrobial activity of ST4SA against L.
tnonocytogenes in an in vitro gastro-intestinal model was determined. ST4SA was inoculated
in the stom3shtecksel as described hereinbefore. L. monocytogenes (1 X 104) was inoculated

in the duogtenum vesggl.gf e CIT: Samplasyvere takieniom eachipserandplated out on

Enterocoqgcus and cific medium vey S control, onf L. monpcyto genes

was inocu y A}ﬁ"”“"“‘“—'FhE‘I:'TrTOTrOCyto—gEnes challengewith ST4SA in
GIT modefreveae that S

the in vitrc T4 had an antimicrobial effect on L. monocytogenes

(see graphs on next page). Gggwth was reduced from 8 ’NEQ@aﬁ@aﬁé 104 in the jgjunum vessel
and L. monocytogenes was lpg 101 cfu/ml jower in the ilgumeygagel When compared with the
control, ag shown in Figure 28. No leakage

Streptococcus pyogenes
20 No leakage

Staphylococcus aureus

36 No leakage

Klebsiella pneumoniae

30 _ No leakage




In vivo assessment of the safety, bacterial translocation, survival and immune modulation
capacities of orally administered E. mundtii ST4SA: comparison to Lactovita. Materials and

Methods Animals

Ten male Wistar r

ats weighing between 318 g and 335 g were

housed in groups of five in plastic cages with 12-hour light/dark cycle, in a controlled
atmosphere (temperature 20C 3'C). The animals were fed a standard diet, as well as
autoclaved, reverse osmosis water either supplemegsited with probiotic or unsupplemented ad

lib. Bacteri

al strains and probiotic

Strain ST4SA was cultured in MRS Broth at 30C for

18 hours; the optical density was adjusted to 1.8 at 600 nm. Cells were harvested by

centrifugat
re-suspen
cfu/ml valu
and sprea
at a conce
probiotic ¢
each bottl
administer
each study
control an
with eithen
9.89 x 101
monitored
ruffled cod
difficulties
moving slc
water con
and the La
Control ST
(21.88) 56|

ion and washed in 20 mM phosp
ded in 100 mM sucrose, frozen in
|dVivizt dletariniiate by Wolspeweihg
d plating dilutions on MRS solid n
ntration of@pproximately 2 x 108
ommercially available under the
> of drinkiﬁg\(/vater. This resulted
ed. 46 E imental Design
10 rats were randomly divided ir
 received-unsupplemented watef;
Lactovita capsules or lyophilized
1 cfu of sfrgin ST4 or 3.1 x 109 ¢
daily for any abnormal activities,
t, hunchegyaosture, unstable mo
colour of extremities. Activity wa
wly; 2 = idtermediate; 3 = active
sumed were measured daily. The
Ictovita stlidy over 108 days and
4 Control Lactovita Increase (a)
04 (2.59)\046 (44.42) 57.21 (5.6

Control

Enterococcus spp. HKLHS

hate buffer (pH 7.5). Washed cells were

liquid nitrogen and lyophilized overnight The

) a given mass of cells in 1 ml of phosphate buffer
nedia, Strain ST4SA was added to drinking water

cfu/ml.
rade name Lactqv,
n approximately-3-x 105 cfu/ml being:

Two separal?e dies were condl’,ucted In
1to two groups of fivé each. One group acted as a
[; the second greppqreceived water sypplemented
strain STA4SA. Each rat received a total of either
fu of Lactovita oyerdhe study period. The rats were
behaviours and general health status|including
ement, tremors®B3Raking, coughing| or breathing
s monitored using a three-scale methpd: 1 = lazy,
moving or sedfchawdabiwe weights and volume of
strain ST4SA study was conducted over 50 days
the results ardNsHe@##€ Table 17. Table 17
144 (7.22) 150.60 (9 34) 69.19 (1.05) 255.2
) Increase (AP leakage

Three capsules containing a
ita were opened and added to

No leakage

Cell tysis of different

shown in Figures 15 to 23. A 0.

inoculated into BH! broth. Pepti

pathogens after freatment with peptide ST4SA are
2% (viv) incculum of an overnight pathogen was
de ST4SA was added to each pathogen at mid-

exponential phase. From the results presented herein (Figures 15 to 23), itis clear that

peptide ST48A acted in a bactericidal manner against mast pathogens.

Production of peptide ST4SA was studied in the presence of Lisferia

innocua (Figure 24). Based on these results, L. innocua stimulated strain ST45A to

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

Enterococcus mundiii ST4SA as a probiotic



69.46 (1.10) P-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 f3- glucuronidase activity. Faecal samples were homogenized in 20 mM
phosphate buffer at a concentration of 100 mg faeces/ml buffer. Samples were stored at -20C
until analysis. The faecal samples were pelleted by centrifugation and resuspended in 1 ml
GUS extraction buffer (50 mM NaHPO4, 5 mM DTEzl mM EDTA, 0.1% Triton X-100), mixed
and incubated at 22C for 10 minutes. Samples were frozen overnight at -20C and thawed
before determining 13-glucuronidase activity. P-Glucuronidase activity was 47 assayed by
incubating 100 pl of treatbEfadwaivilsperisiteroderaeD pleofdiéaticrPbuiias eridatas bifer
containing lgrivRratzapnesyhgligasanide) and insybating at3¢( far 2 hours. The reaction
was stopped by adding 2. Sml 1M Tris, pH 10. 4. The absorbance was determined at 415 nm
and a standard curve was constructed using concentrations of 0.1, 0.2, 0.5, 1 and 10 mM
p-nitrophenol. Bacterial trwoﬁimaﬁoﬁelt@odﬁomgimalmmwgﬂ@mm@@y the seco%ﬂardmlm

with test strglns for %ﬂe S Sos% |ng rg] e?r erlod%eamr[pr%?n wer ?uthanlz g sp(??]t F{)ItOnF
sodium overé‘ose ood samprfes were o%?amenjjet')y carct‘?l ac punc ure oft e rig cfven rlcﬁe “Phe

gross anatdnigropfriba/iRetienisrysss et dattdrhy Wederedieeftandredhreed] i shengifoetite
liver, spleendlgiumy samom%&l%ﬂow@w%wég% BEJIESHPRIBRIES NIE! or 1N,

collected in cassettes and placed in a 4% formaldehyde (PBS) solution and then embedded in

paraffin wat\ffP Histisgieasinmnaiifad wiia Et%‘ﬁé%e’/lsgléf&iaﬁ iR liBked fha %@@W@f@
frozen in liquid BrOgENRs Bm@rmﬁﬂ@&wmltﬁémﬁ&ﬁd)pﬁﬁﬂ@b@iBhum&dmlawo@dm@ib%ﬁ@d

at 37C overnigh od a NA was extracted from, the frozen ileym
and colon sar%p*es’s]ﬂg%ﬁpn?z}zrg re;tg%rﬁ 'tLﬂqé 8'(5?1%3 Prgtloﬁ%%'%f}f é&%ﬁﬂﬁ?ﬁg %B senl{o
measuring ﬂf@‘w@“@ﬁiané@%tuaﬁ@hﬁmdﬁn@ammﬁﬁmmmmmmaﬁerFDi\lawfant
treatment had heen GURRIGLRY. ﬁﬁmﬂé%éﬁ‘%’ffﬁ@%%%ﬁ&é?@e?@@%%?é&"\j&%g

A total of 5 {)g of each s amgle was transfefred in triplicate onto a nylon memprane using a s ot

blot apparatt}é PieRidie FETY 62 MhBAEBAgSRITIRatfr raSEmREan neerb3iy %ﬁ)ﬁa‘ﬂlﬁl fofu)
interferon ygdMi). owﬁeastwb@ww@o@r@@u&p@mm r@tsgmnﬁnn@lﬁén@?@bk@s@dg&imm

DIG. The membran osed to X—r Im ov ni dev d. 48 Results General
ealh stat RN S Do o4 g BGPIn e SN RHO HERoN e A BHECIES
behaviouralieedatitity Cifdinges clsseuredanzie irafshbled tHiamdvéte no observable differences
between experimental and control groups. No treatment-related illness or death occurred.

p- Glucuronildﬁﬁg %tivity Bacterial enzymes, including p-glucuronidase, are known to
be involved in generating mutagens, carcmogens and tumour promoters from precursors

found in thefa(dandt B Pr WAL tertoxicity of-bacteriat Gas
therefore Jwﬁop as an |nd|c§E|on ogrfﬂe safe y of potentlal problotlcs 73%% ST4%A and

a Lactovit @ugppnsm eXHIDI[oH&Hé}]gIB%BQ&]ﬁIﬁS %Wg{m é(égglw;ta not Stown).

However,[rats given a Lactowqa BHEREESIAN showesrar A‘Ff@%ﬁdﬂﬁ lucuronidase activity{in
faecal samMple$gompargch 10 cpntrol Tars (Tabie I8A). Control anfmalshlso showed a

decrease iy aClighy atjday 107 of the study compared to activity at day{56, experimental

animals shgWed; gightyiAcregse values at day 107 compared to day 56. Rats given a ST4
supplemenygiiowes Njgher p-glucuronidase activity compared to contrpl groups (Table 18B),
however, fyisgCtly Was sttt JRARR R &EPBIARR study compared o the values on day (
of the stufiysknezgntrol group also showed lower activity at the end of B stHdy: Cpparet;to
day 0. 49 Table 18 Table 18A Day 56 solution pumped

into the duodenum

| 154 — 158 Stomach contents pumped to
duodenum
168 — 274 | 6.5 incubation in duodenum
274 - 280 Duodenum contents pumped to jejunum
280—-384 |65 incubation in jejunum
394 ~ 401 Jejunum contents pumped to ileum

401 -~ 520 | 6.0 Incubation in lleum



Day 77 Day 107 Lactovita 6.58 (0.34) 7.49 (0.23) 7.88 (0.36) Control 7.52 (0.26) 8.17 (0.08)
6.70 (0.32) Table 18B Day 0 Day 14 Day 30 Day 50 ST4 6.43 (0.52)
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Table 11
ae Bacteriocin Cfu/mlin Bacteriocin

GiM Cfu”/ml in NAN .

activity MRS broth | activity
section Pelargon

(> 25 600 (= 25 600

AUP/mi) AU/ml)
Inoculum | 1.6 x 10° + 6.0x10" |+
Stomach | 1.2x 107 + 37x 107 |+
Duocdenu s + - 1.0x 10° +
, 2.5 x 10
m .
Jejenum | 1.0x 107 + . 1.3 x 10° +
lieum 5.0 x 10 S - 1.0x 10° +

Cfu = co‘lony froming units {i.e. number of viable cells)
AU = arbitrary units (thus reflecting antimicrobial activity)

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

Tahle 12).
Table 12
Antibiotics ST4
Ampicillin ot
Bacifracin L ++ R
Cephazolin +
Chloramphenicol L
Ciprofloxzcin ++t
Cd. Sulphonamides -
Cloxacillin -
_Erythromycin At




1.78 (0.45) 5.25 (0.57) 5.14 (0.83) Control 5.78 (0.50) 2.40 (0.76) 4.02 (0.62) 2.68 (0,15)
Bacterial translocation, toxicological study and histology No bacteraemia was detected
in any of the groups of animals. Macroscopic examination of the visceral organs indicated that
the rats given strain ST4SA had significantly more pronounced MLN compared to control rats.
The MLN were extremely difficult to identify in control rats. The spleen in the control group
was narrower and both muscle mass and abdomings fat were less in the control group
compared to the experimental group. In animals given Lactovita the MLN were less
pronounced and.the spleen smalle_r_rE'Qmpared to the cantrol group. Lymphocytes enter
the spleen. Meirepidrgsdemmune res onses .against.blood.antigens. An enlarged spleen may
indicate incPMA&EECIMmune system activity. This also correlates with pronounced MLN. MLN
are also i v%?mm' immune-function. and may.-enlarge-as-a result of inflammation or infection.
This enlargﬁ s 1S é‘.. indication t..cﬁ?i@y are-perferming-their function as expected.
Therefore sdﬁ“" o q SA-may-act-as Aﬁtmmu mutant.-Rats receiving Lactovita
suppleme j’lc W1ed a smaller-spleen-and-tess-proneuneed-MLN compared to the control
rats. This |ngl %tfp?mati actovita-doeg nptinduce-animmune reaction. However, the MLN
and splee L FALO! rats were gnjarged and no-symptoms of disease were observed in -
the absencesof gy ppune stimutant, 50— Northermhybridization studies did not
indicate any7gy e or T'FN) &xpression in either the experimental ST4SA group or
control grogsfRagRive signals wére dejacted of relatively the Ssame intensity when RNA was
probed witfkayp-acHa BINAsArebet édﬂ%ﬁbﬁ)%?sﬁﬂﬂ%%@ﬁéene dianfedPKIRES @hen; ++
secreted prote that mediate Cellng? tgh Iammatlon | inity, differentiation and re alr
They often orﬂ/ Pl &8hiBIATE r\$l t "F5+pro Jr;%tlﬂ'&?‘?gﬁuff RNERICIRT5H
they act in é@mbination with cell surface receptors to produce changes in the pattern of RNA
and protein synthesis. Because they are usually present in such low concentrations it may be
more beneficial to determine the expression of additional genes that are under the influence of

these proteins. e fesukes sreddntad Hepsinthedleatdtsharasemied of thalpeobibtigisain
tested havesqny AeaRliveEieals Qe SenR AHBEMA Blatksal MR WIFRESAR productith

summary, strain ST4SA dFes not possess genes encoding vancomycin resistance. Genes

encoding pfRnTbRIGRSSANAE) SR HORRERERTS HNBstL REGI athsrrtiane dbscidgshive agt
remained Silemtvinon esane Sagaly tS‘trm&TQ&;ﬁ' hessnephiteas atianyidrois. (BEideaetivity Hbkis
indicates t woul erf efter,in the Iow r sections of the Gil Ieum an 0 on)
Ao shown SBoT G S e e S B TR e L S

and prevenTﬁblfe%hesmn of Listeria to Caco-2 cells, while also successfully competing
against Listeria from binding to receptors on human cells. Strain ST4SA had an antimicrobial
effecton L. monoc%;to genes in gastro-intestinal model (GIM) studies. Strain ST4SA is not

g

5

toxic, as s rat studies. No treatment-related illness or death occurred. Strain ST4SA
also perf?med—ba@thLEaGwWaa&wch -with rats being given Lactovita showing an
increase i PHRIGHRMHse activity Npmberatyahlacella sqmulates the immune response
in rats. Rats-given-Lactovita-supplen %ﬁﬁt@ﬁﬂ\ﬁgﬁﬁ%mmleruspIeen and less pronounced MLN
compared o- ‘ | s not induce an immune
reaction. Mrypsmx 40200 [8x 10"

TMP-SMX 607300 8 x 10°

TMP-SMX_80/400 1.8 x 10°

Metronidazole 50 1.3 x 107
Metronidazole 100 6 x 10°
Metronidazole 200 3x10°

Resistance of strain ST4SA to various antibiotics has been tested

according to standard procedures (antibiotic discs, Oxeid). Concluded from tnese



51 As indicated above, peptide ST4SA inhibits the growth of a variety of bacteria and
maximal production of peptide ST4SA (51 200 All/m1) was recorded after 20 h of growth in
MRS broth (Biolab), which was maintained throughout fermentation. An 18-h-old
culture of strain ST4SA was inoculated (2%, v/v, OD600,", = 2.0) into MRS broth (Biolab) and
filtered MRS broth, respectively. MRS broth (Biolab) was filtered through a MinitanTM system
(Millipore, BioSciences International), equipped witkgnitrocellulose membranes of 6000 - 8000
Da in pore size. The MRS filtrate (MRSf), containing proteins smaller than 8 000 Da was then
autoclaved and inoculated as described before. Incubation in MRS broth and MRSf was at 30
C and 37 "GesulisoustejitatditSar 2O tesimticécSTdiBAoaetivity wvasiekaeiiincoeiirnivearlie.
Purification of peptide STASA. . ... Qne litesof MR Sf was inoculatedwith, Enterococcus
mundt STA (LD S by Lo e A ot o B e 2l 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 wagiganinadgehiot eselt-des sitparnatantatih G f-arsatissatione
level of 60%, After. 4 b of slgw stifring, the precipitate was collected by ifugation (20 000 x
g,1h 4 C)(Wg"&mg@ Wﬁgayé\’, us&l‘é}ﬁﬁ%@eﬁ‘#{ e%fénff{?/\{)ﬁlr}%ede ﬁr‘n ‘aﬁﬁ%&nﬁr%aar 8atew(?3%—l
6.5) and desaftebragainst sigyitikidiQ waarisiiga di0HdRitet-aftiSpbictrambitdajisiet on
membrane (FRECKYILING G HnELTEIPLEEPRIIIORNRS RKFRNRR REaTge
chromatography in a 1 ml Resource S column (Amersham Biosciences) with an
AKTApurifier(Amersham), as described hereinbefore. Peptide ST4SA activity levels

obtained after each purifieaiqsy HeRaweliRisaes ithd AddaitSrédehridienlPable 4, TRIFINEMX
fractions collected from the AKTApurifier corresponded to ST ggak %nfd pr?duceol
{) 38 s?g%n with tour

42-amino atRFPYBHGadRE s HEEERSES 4N b iite BRCHIC FOCSIRG of Pept
ST4SA  Howseeeleuiriatecusingaofiptitidd 8T 48 Arasit ddizetynudaidithe Rotofor(r)
electro-focusing cell (Bio-Rad, Hercules, California, USA). One liter of cell-free supernatant,
obtained from strain ST4SA cultured in MRSf, and prepared as described before, was
lyophilized dfe fesidepeadédiinisoomfeséene/aistiEe water with ampholytes (pH-range 3 to 10,
Bio-Rad), according to instructions of the manufacturer. A constant current of 12W was

applied for 5 h at 8C. Afteg sepalsiisfiaim STAEAN QKIS HNNCA0H B ihaatitewes. fietiwasire
was adjusted to pH 7.0 with 3 N NaOH or 3 N HC| and.tested for antimicrabial activity against
L actobaci | AT A ETOHE A R S B Rr OO R B b e
de-ionized wiateritam thtalfutitwitey of bllent;cadfairicsabjyetechtoysiecresfeteusing( aeAvietidhs
collected and tested far.antimicrobi tiyi r t -

reduction of €U tﬁ*&iﬁgn‘}%@@?8%@%%@%%?%%%?%&%@ iaqcﬁ)ﬁgggc%f %ggiiéaégg?sig%gn
be lowered &ytersierpinthemisineseracsassaidunpariginlbBmd daeelicie/tesiristde FhaLyd

(CSL), Che?ﬁ)%y&gt%vy@%%% KNV aRdanalassrs Crda ara ragiirho s ampabiet growiter
media. CSL is a by-product formed during the milling of corn, It is mainé%g%erﬁro en source,
BRI,

but also coRfAMESugdicatrthifipt e BN farine A rnieNantialg PRGElct
in the diary issluginseis derrnastcasinign fermgotagietiomedibstatardaetic aaitlege) poithsation,

and contains mainly lactose, proteins and Molasses.is - inj i
sucrose wizﬁqf’%&%&{g e@?fnlsnué%alg.r i urét%;?\' rqlcg |gﬁmg%rﬁ¥%t§§ﬁ%@ﬁ@gz%gge£%?%%
in MRS brotea@&iotabyhen impeiiited (2% v/v) into CSL, CWp and molasses, respectively.
Fermentations Fermentations were conducted in test tubes containing 10 ml of media.
The pH was adjusted with NaOH before sterilization (121C for 15 mm). The concentration of

NaOH depended on the huffepfapanineal He meriacARARow Sdrmiiiisoura e fasting
inoculation (2% v/v). Batch fermentations were canducted in, tesgt tubes a%hBO Cﬁggég#ours
n

pH 6.5 - 7.GORRSHAMYERREPEGHA IR Bt GRS LSSy SRRGRER IR AR jon of
Molasses apeb@idd- aTd8A20parads0tg. bel aviésecaydiuatentias possibieaiedipsotiqreptites far

ST4SA productio ble 20). Although the pH jp.mql S dr ' ' s
indicating c%ﬁsgcr%%f/%ﬁ)h%%iec)p?%éw%f 'aﬁi\alﬁgltv%])ﬁéqrﬁe%%%ie(ﬁ?ggﬁ%qgﬁéggﬁr@%rﬁg g%%a%tﬁw
the other hardsjinsdeeiisdraesufiiendtar thithsiealitipier lipreheredsuser Ry sthampariices of

which the Applicant is aware (Figure 26).

a
S,
e



g 14 PH AU nil-1 InitialEnd 1 MRS (Control) 6.50 4.65 12800 10 6.50 4.38 1600 3 CST,
20 6.50 4.41 3200
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To test this hypothesis, the Lipid Il target site of Lactobacilius sakei DEM
20017 {sensitive to peptide ST4SA) was blocked with vancomycin (see schematic
presentation, Figure 26). Vancomycin adheres fo the amino acid side chain of the Lipid
Il molecule, which would, theoretically, prevent peptide ST4SA from binding to the same
site (that is if Lipid |l acts as receptor). Treatment of target cells (L. sakei DSM 20017)
with a combination of vancomycin and peptide ST4SA, however, resulted in growth
inhibition (leakage of cytoplasm; see Figure 26), suggesting that target sites otherthan
Lipid 1l are acting as receptors for peptide ST4SA. The fact that peptide ST4SA binds
to more than one anchoring site on the sensitive cell may explain why it has such a
broad spectrum of antimicrobial activity {inhibitory to Gram-positive and Gramnnegaﬁve
bacteria). The Applicant is aware of the fact that Nisin (a lantibiotic) binds to Lipid I, as
shown in Figure 26 in which treatment of L. sakei DSM 20017 with vancomycin

prevented the binding of Nisin to the Lipid !l target site.

Peptide ST4SA has two hydrophobic regions (Figure 27) which can
intercalate with phospholipid-rich cell membranes after it has formed a reaction with the
receptor site on the cell wall. The area between the two hydrophobic regions, more
specifically between amino acid 29 (serine} and amino acid 30 (alanine) (Figure 27) is
more ﬂexilbié than the rest of the structure and may act as a hinge area, which would
allow the C-terminal haif of the peptide to bend and incorporate itself into the
phospholipid-rich cell membrane. To test this hypothesis, the two sections of peptide
ST4SA (Figure 27) were synthesized (listed hereinafter as Fragment 1 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 position 28 and
alanine at position 30). A disulfide bridge was introduced (connecting line, shown
below) that covalently linked amino acids 9 (cysteine) and 14 (cysteine), also shown

below in the full length peptide sequence:



4 506.504.56 32005 10 6.50 4.82 0 6 Molasses 20 6.50 5.01 0 7 50 6.50 4.97 0
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KYYGNGVSCNKKGCSVDWGKAIGIGNNS.

The disulfide bridge served to stabilize the structure of the peptide.
Fragment 1 contained the first hydrophobic region, indicated by the encircled region (six
amino acids from position 21 1o 26, viz. AIGIG). This part of the molecule recognizes

the receptor on the cell wall of the target (sensitive} organism.

_ Fragment 2 comprised the last 13 C-terminal amino acids in the second
hydrophaobic loop downstream of the hinge area, plus the preceding 11 amino acids just

before the hinge area (between serine and alanine):

Fragment 2: KAIGIIGNNSAANLATGGAAGWKS

Treatment of sensitive cells with these two fragments of peptide ST45A
indicated that both fragments (sections) of the molecule are needed for antimicrobial
activity. It would thus seem that disruption of the cellular membrane is only possible

once the N-terminal is anchored fo the receptor on the cell surface.
Binding of peptide ST4SA to polyethylene (PE)

Binding of peptide ST4SA fo polyethylene (PE) was tested. PE film was
cut into sections of 5 x 5 om and soaked for 1 hin a solution of 0% isopropanol and
peptide ST4SA (activity level: 102 400 AU/ml). The PE sections were air-dried (20 min
at 80°C) and assayed for antimicrobial activity by using the standard agar diffusion
method. The plates, seeded with L. sake/ 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 curent of 30 mA



gTS 8 106.27 4.14 800 9 CWp 20 6.55 4.44 800 10 50 6.47 4.82 1600 In
follow-up experiments, CWp was added to the list of industrial media and fermented at 10, 20
and 50 g TS.11 (Table 20). Peptide ST4SA activity of up to 1600 AU.m1-1 was recorded in
CVVp (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 gg to whether there was any interaction
between the nutrients.
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and tested for antimicrebial activity. Protein concentrations were determine ing

{

the Bradford method. Electro-eluted film was tested for antimicrobial activity by using

the agar diffusion method as before.

Peptide ST4SA adhered sfrongly, and it would seem irreversibly, to the PE
film. Release of peptide ST45A from the surface of PE was only possible after 1h with
a_c.urren’c of 30mA.. In a challenge study with red meat as model, surface (PE)-bound
peptide ST4SA prevented the growth of pathogenic bacteria (Listeria, Bacillus and
Staphylococcus). This suggests that peptide ST4SA is usable in wound dressings to
prevent or reduce microbial infections and also finds uses in other medical or aseptic
applications such as, for example, implants, ear grommets, catheters, ostomy tubes
and pouches, stents, suture material, hygiene products such as feminine hygiene
products, contact lenses, contact lens rinsing solutions. The encapsulation of the
antimicrobial peptide in the polymer leads to a slow release of the antimicrobial peptide
and an extended period of treatment of a microbial infection. Furthermore, strong
adherence of peptide ST4SA to PE shows that it acts as a slow-release antimicrobial

agent.

Peptide ST4SA binds to more than one receptor site on a microbial cell
and is iypical of what one would expect from a broad-spectrum antimicrobial agent.
The first section of peptide ST4SA (in front of the hinge area) binds to the receptor.
The seéon_d part {downstream of the hinge area) has a bigger hydrophobic 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 inio wound dressings.
Development of Enterococcus mundtii STASA into a probiotic
The survival of Enterococcus mundiii STASA was evaluated in a

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

and in vivo evaluation of strain ST4SA as a prohiotic. Adhesion to mucus and epithelial



55 Table 21, z r rD with uoi_ and C"Afp No.CSL CWp pH InitialEnd AU ml -1 11 1 6.490
5.510 12800 2-1 1 6.490 5.100 12800 31 -1 6.450 5.430
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cells were studied in vifro with human cell lines. /n vivo studies were performed in rats.

The human intestinal cell iinés used in the study were from the human
colon adenocarcinoma and included Caceo-2 celi lines, HT-29 and HT28-MTX (mucus-
secreting cells). The cell-ines express morphological and functional differentiation
when grown under standard cutture conditions and show characteristics of mature
enterocytes, which include polarization, a functional brush order and apical intestinal

hydrolases.

Adherence of strain ST4SA to host cells is influenced by cell surface
carbohydrates, the Efa A‘ protein, the Ace (adhésin of collagen from enterococci}
protein and aggregation substance (AS), related to pathogenicity. AS is an adhesin
which mediates the formation of cell clumps that allows the highly efficient transfer of

the sex pheromone plasmid on which AS is encoded.

In this Stery, strain ST4SA was screened for virulence iraits, bile sait
hyd rolase (BSH) ac’tiviiy, and the ability to adhere to the human enterocyte-like cell line
Caco-2, competitive exclusion while adhering fo the Caco-2 cell ling, and inthe in vitro
gastrointestinal (GIT) model. In addition, cell surface hydrophobicity of ST43A was

determined.

Virulence factors

The presence of virulence'. f_a‘cto‘rs, viz. vancomycin resistance
(VanA/VanB/NVanC1/VanC2/VanC3), 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
were studied by in vifro tests and/or PCR sckeeni‘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 resulis are shown in Tabie 14.

Table 14



12800 4-1 -1 6.480 5.090 12800 MRS 6.86 4.53 51200 CSL5g TS 1-1 631 5.04 12800 .
CSLlog TS j4 6.47 5.12 12800 The utilization of sugars was 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 pl of diluted sample in a
test tube. The solutions were thoroughly vortexed and absorbancy readings taken at 490 nm
(room temperature). Sugar concentration (g glucosg.11) was calculated using a standard
graph. Dionex determination of monomer sugars

4

Van | Van | Van | Gel | Efa- | Efa- | AS | Ace | Cyl | Esp | Non-
A B | Cirzf Afm | Afs oyt
3
R T e e e R s il B
SA
Key: -

VanAVanB: Vancomycin resistance

Gel; Gelatinase production

‘EfaAfm: £. fascium endocarditis antigen
EfaAfs: F. faecalis endocarditis antigen
As: Aggregation substance

Ace: Adhesin to collagen from £. faecalis
Cyl: Cytolysin (f-hemolysin activity)

Esp: E_nterococcus surface protein
Non-Cyi: non-cytolysin beta hemelysin HI

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,
Enterococeus faecalfis JH2-2, in MRS broth at 37°C for 18 h. The supernatant of a
pheromone producer, £, faecalis 0G1X, 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
gelatin/liter. A clear zone surrounding the colonies after 18 h at 37 “C was considered a

positive reaction. No production of gelatinase was detected.



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-1. The Dionex was equipped with an auto sampler and the injection volume was
10 pl. 56 that the concentration of CSL and CWp had no effect on peptide ST4SA production
(Table 21). CSL at 5 and 10 g TS.I4 yielded peptide ST4SA activity similar to that recorded in
the CSL and CVVp combination (Table 21) and fouygsfold higher than recorded with 50 g.14
CSL (Table 20). As is evident from these results, CSL had the most significant effect on
peptide ST4SA production. Optimizing CSL Peptide ST4SA activity of up to 12800 AU
mi 4was rec@rstedtioporgSimati@iconcentration of 10 g TS.I14. This was, however, low
compared to peptide ST4SA activity recorded in MRS (51200 AU.m14). In a preliminary

experiment, MRS components ‘(except glucose) were added to 10 and 40 g TS.]4 CSL and
CV\Vp, respectively (TabRsaicionb fdlamrisiseas hdicaipd/ay bedernais delgareones

CSL lwith S%@g@gﬁla Wﬁ@éﬁﬁlﬂsc@%a%m@éﬁ%b@%ﬁt #Bteshisté w@parﬁaa using
supplements yielded |ow activity. A hi ongentration, o L inhihited gro small .
decrease in5aNd Bi968 %ﬁ\ ??3&’5&)5%3 ??é%%éigﬁyue{%%@?ﬁ% ?n},\g%én S?Yes’{]owas

inhibiting campenerts in CSL. The same experiment was done with CVVp (Table 22). With an

increase in CWp concentration (from 10 to 40 g TS.14), no effect on peptide ST4SA

production was recorded. Table 22 CSL supplemented with MRS components No. Carbon
source g TS 14 flU AU riiis civifienERat the Apslican hzssheym helsirain ST4SA does not have

the genes encoding vancomycin resistance, gelatinase production, production of the
endocarditis antigen, forming of cell aggregates, adherence to collagen, and/or
production of a surface protein. Genes encoding B-hemolysin activity and non-cytolysin
beta hemolysin I weré detected. However, the latter two genes are not expressed (no

haemolytic activity was observed on blood agar plates — see below)

Deatermination of bile-salt hydrofytic (BSH) activity

Strain ST4SA was tested for BSH activity by spotting 10ul of an overnight
culture on MRS agar piates' supplemented with 0.5% (w/v) sodium salt of
taurodeoxycholic acid (TCDA) and 0.37 g/l. CaCl,. Plates were incubated in anaerobic

jarsfor 72h at 37 °C. The formation of precipitation zones were regarded BSH positive.

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

salts are generally accepted as being unrelated.

Determination of cell surface hydrophobicity

An overnight culture of £. mundtii ST4SA was washed twice with quarter-
strength Ringer's solution (QSRS) and the ODsgonn determined. Equal volumes of
suspension and n-hexadecane was added together and mixed for 2 min. The phases

were allowed to separate at room temperature for 3G min., after which 1ml of the water-



40 6.55 6.26 800 3 10 6.51 4.92 12800 4 CWp 40 6.50 5.07 12800 57 to CWp (25600
AU.m1-5. CSL was therefore chosen as medium for future experiments. As not all of the MRS
components played a role in improving peptide ST4SA production, a screening experiment
was done to identify the significant components. This screening experiment was done via a
210-5 fractional factorial design (FrFD). The design made it possible to test 10 factors in only
32 runs, instead of the normal 1024 runs (Tables 23and 24). It was also possible to
determine if there were any interactions between components. Results were analyzed with

ANOVA (Table 25). Table 23
phase was removed and the ODsgnm determined. The ODsgynm Of duplicate

AAAAA dov capraen eaas icity:
assessments was averaged and used fo calculate hydrophobicity:

% Hydrophobioity = I( ODssonm reading‘f — ODsaonm reading 2)/ ODsa0nem reading'l] x 100,

From the results shown in Figure 28 figure it is evident that strain 5T45A
did not show signs of hydrophobicity. Accordingly, the cells do not stick permanently to
surfaces in the GIT. The cells move freely (as plancionic cells) in the gut, which

enhances the usefulness thereof as a good probiotic.
Adhesion of E. mundtii ST4SA and Listeria monocytogenes to Caco-2 celf lines

Caco-2 cells (Highveld Biological Sciences) were seeded at a
concentration of & x 105' cells per weli to obtain confluence. Adherence was examined -
by adding 100 ul of bacterial suspension {1 x 10° cfu/ml of strain ST4SA and 1 X 10
cfu/mi of L. monocytogenes) to the wells. After incubation at 37°C for 2h, the cell lines
were washed twice with PBS. The bacterial cells were lysed with Trition-X 100 and
plated onto MRS and BHI agar, respectively. Adhesion was calculated from the initial

viable counts and the cell lysates.

Competitive exclusion of strain ST45A and Listeria monocyfogenes was
determined by inoculating 100 pl 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 STASA 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



High and low concentrations of MRS components and CSL Component MRS broth g 1-1 ¢
1-11-1 A Special peptone 10 10 0 B Beef extract 55 0 C Yeast extract 55 0

44
Gfu/ml Inoculum | Adhesion | Inoculum of L. | Adhesion of L.
of T4 of 8T4 Monocyltogene | monocyiogene
s s
Experiment | 1x10° [2x10° 1x10° 3x 10°
1 ﬁ
“Experiment |1x10° [1x10%  [3x10* 1 x10°
2
Table 16
Cfu/ml Inoculum | Adhesion | Inoculum of L. | Adhesion of L.
of 874 of ST4 Monocyiogenes | monocytogenes
Experiment | 1x 10°  |8x10° [ 1x10° 4 x 10"
1
Experiment | 1x10° [1x10" [3x10° 3% 10°
2

~ From the results presented in Tables 15 and 16 it is clear that &. mundtii
ST4SA cells prevented the adhesion of Listeria to Caco-2 cells and that the cells
successfu!ly 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) model

The antimicrobial activity of ST48A against L. monocytogensas in an in
vitro gastro-intestinal model was determined. ST4SA was inoculated in the stomach
vessel as described hereinbefore. L. monocyfogenes (1 x 10%) was inoculated in the
duodenum vessel of the GIT. Samples were taken from each vessel and plated outon
Enterococcus and Listeria specific medium, respectively. As control, only L,

monocytogenes was inoculated in the GIT model.



1) CSL 6 3 E Potassium phosphate 2 2 0 F Tween80 1 1 0 G tri-Ammonium ciliate 22 0 H
MgS040.10.10J

45

onocytfogenes challenge with ST4SA in the in vifro GIT model

3

The L.
revealed that §T4 had an antimicrebial effect on L. monocyfogenes (see graphs on next
page). Growth was reduced from 8 x 10* to 2 x 10% in the jejunum vessel and L.
monocyfogénes was 1 x 10" cfu/m! lower in the ileum vessel when compared with the

control, as shown in Figure 29.

In vivo assessment of the safely, bacterial fransiocation, survival and inmune
modulation capacities of orally administered E. mundtii ST4SA: comparison fo

Lactovita.

Materials and Methods

Animais

Ten male Wistar rats weighing between 318 g and 335 g were housed.in
groups of five in plastic cages with 12-hour light/dark cycle, in a controlied atmosphere
(temperature 20°C + 3°C). The animals were fed a standard diet, as well as
autoclaved, reverse osmosis water either supplemented with probiotic or

unsupplemented ad fib.

Bacterial strains and probiotic

Stfain ST48A 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 re-suspended in
100 mM sﬂcrose, frozen in liquid nitrogen and lyophilized overnight. The cfu/m! value
was determined by suspending a given mass of cells in 1 mi of phosphate buffer and
spread plating dilutions on MRS solid media. Strain ST45A was added {o drinking

water at a concentration of approximately 2 x 10® cfu/ml.

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

resulted in approximately 3 x 10° cfu/mt heing administered.



MnSO4 0.05 0.05 0 K Sodium acetate 55 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] R2
=0.73 Peptide ST4SA production was described using a linear model. Although the
linear model could not accurately predict the activity (R2 = 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 sodiuggacetate (K) had 58 negative coefficients
in the linear model (equation 2) causing a decrease in the response variable. This reflected
their negative effect on peptide ST4SA production. This meant that only yeast extract (YE) (C)
and CSL (D) increased peptide ST4SA production. Table 24. 210-5 FrFD design Na. AB C D

EIFABCDG ABCE IABRE i

Two separate studies were conducted. In each study 10 rats were

randomly divided into two groups of five each. One group acted ag a control and
received unsupplemented water; the second group received water supplemented with
either Lactovita capsules or lyophilized strain ST4SA. Each rat received a total of either
9.80 x 10" cfu of strain ST4 or 3.1 x 10° cfu of Lactovita over the study period. The
rats were monitored daily for any abnormal activities, behaviours and genérat health
status including ruffled coat, hunched posture, unstable movement, tremors or shaking,
coughing or breathing difficulties, colour of extremities. Activity was monitored using a
three-scale method: 1 = lazy, moving slowly; 2 = intermediate; 3 = aclive moving or
searching. Live weights and volume of water c_;onsumed were measured daily. The
strain ST4SA study was conducted over 50 days and the Lactovita study over 108 days

and the results are shown in Table 17.

Table 17

Control ST4 Control L.actovita
Increase (g) 144 (7.22) 150.60 (9.34) | 255.2 {21.88) 246 (44.42)
increase (%) 62.46 (1.10) 69.19 {1.05) 56.04 (2.58) 57.21 {(5.60)

B-Glucuronidase Activity

Rats weré placed in single cages overnight at specified sampling points
and the 24 h faecal samples were collected to determine bacterial counts and -
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 pelieted by centrifugation and resuspended in 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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assayed by incubating 100 ul of treated faecal suspension with 800 il of reaction buffer
{extraction buffer containing 1m p-nitrophenyl giucuronide) and incubating at 37°C for
2 hours. The reaction was siopped by ladding 25 mt 1M Tris, pH 104, The
absorbance was determined at 415 nm and a standard curve was constructed using

concentrations of 0.1, 0.2, 0.5, 1 and 10 mM p-nitrophenol.

Bacterial franslocation, tox)’cologicai study and histology

After feeding with test strains for the specifiéd time periods, animals were
euthanized by pentobarbitone sodium overdose. Blood samples were obtained by
cardiac puncture 'of the right ventricle. The gross anatomy of the visceral organs of
@ach rat was checked and recorded. A sample of the liver, spleen, ileum, caecum and
colon tissues was excised. The tissue samples were collected in cassettes and placed
in a 4% formaldehyde (PBS) solution and then embedded in paraffin- wax for
histological analysis and FISH studies. A section of the ileum and colon were frozen in
liquid nitrogen. Blood samples were spread plated on BHI solid media and incubated at
37°C overnight.

Immune modulation

Total RNA was extracied 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 compleied. Each RNA sample was diluted to a concentration of 42 ng/ul. A
total of 5 ug of each sample was transferred in triplicate onfo a nylon membrane using a
siot 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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Results
General health status and weight gain

Throughout the study period there were no noticeable behavioural or
activity changes observed in the rats and there were no observable differences between

experimental and control groups. No treatment-related iliness or death occurred.

B-Glucuronidase Activity

Bacterial enzymes, including B-glucuronidase, are known to be involved in
generating mutagens, carcinogens and tumour promicters from precursors found in the
GIT and there presence may indicate toxicity of bacterial strains and can therefore be
used as an indication of the safety of potential probiotics. Both strain ST45A and a
Lactovita suspension exhibited no B-glucuronidase activity i vifro (data not shown),
However, rats given a Lactovita suspension showed an increase in B~gfucuronidase
activity in faecal samples compared to controf 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 slighfly increase values at day 107 compared to day 56.
Rats given a $T4 supplement showed higher B-glucuronidase activity compared to
control groups {Table 18B), however, this activity was still lower at the end of the study
corﬁpared 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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Tabie 18
Table 18A

Day 56 Pay 77 Day 107
Lactovifa | £.58 (0.34) 7.49 (0.23) 7.88 (0.38)
Control 7.62 (0.26) 8.17 (0.08) 6.70(0.32}
Table 18B

Day 0 Day 14 Day 30 Day 50
ST4 6.43 (0.52) 1.78 (0.45) 5.25 (0.57) 5.14 (0.83)
Control 5.78 (0.50) 2.40(0.78) 4.02 (0.62) 268 (0.15)

Bacterial franslocation, toxicological study and histology

No bacteraemia was detected in any of the groups of animals.
Macrcscopic examination of the visceral organs indicated that the rats given strain
ST4SA had significantly more pronounced MLN compared to control rats. The MLN
were extremely difficult to identify in control rats. The spleen in the control group was
narrower and both muscle mass and abdorminal fat were less in the control group
compared to the exper?mental group. In animals given Lactovita the MLN were less

pronounced and the spleen smaller compared to the controf group.

Lymphocytes enter the spleen and facilitate immune responses against
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 resuilt of inflammation or infection. This enlargement is an
indication that they are performing their function as expected. Therefore strain ST4SA
may act as an immune stimulant. Rats receiving Lactovita supplements showed a
smaller spleen and less pronounced MLN compared to the control rats. This indicates
tﬁat 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 siimulant.

Immune modulation
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Northern hybridization studies did not indicate any cytokine (TNF or IFN)
expression in either the experimental ST4SA group or control group. Positive signals
were detected of refatively the same intensity when RNA was probed with a B-actin

DNA probe indicating the presence of RNA.

Cytokines are secreted proteins that mediate cell growth, inflammation,

immunity, differentiation and repair. They often only require femtomolar concentrations -

to produce their required effects. Often they act in combination with cell surface
receptors to produce changes in the pattern of RNA and protein syrithesis. Because
.th'ey are usually present in such low concentrations it may be more beneficial to

determine the expression of additional genes that are under the influence of these

proteins.

The results presented herein indicate that neither of the probiotics tested

have any negative effects on the general health status of male Wistar rats.

In summary, strain ST4SA does not possess genes encoding vancomycin
resistance. Genes encoding B-hemolysin activity and nonQ'cytonsin beta hemolysin il
were detected, but they remained silent (not expressed). Strain ST4SA has no bile salt
hydrolytic (BSH) activity. This indicates that the strain would perform better in the lower
sections of the GIT (ileum and colon). As shown above, the data indicate that £.
mundti strain ST4SA moves freety'through‘ the GIT and prevents the adhesion of
Listeria to Caco-2 cells, while also successfully competing against Lisferia from binding
to receptors on human cells. Strain ST4S8A had an antimicrobial effect on L.
monocytogenes in gaétro-intestinai model (GIM) studies. Strain ST48A is not toxic, as
shown with rat studies. No treatment-related illness 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 contro! rats, which suggest that Lactovita does not

induce an immune reaction.
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As indicated above, peptide ST4SA inhibits the growih of a variety of
hacteria and maximal production of peptide ST4SA (51 200 AU/mi) was recorded after

20 h of growth in MRS broth (Biolab), which was maintained throughout fermentation.

An 18-h-old culture of strain ST4SA was inoculated {2%, v/v, ODgoonm =
2.0) into MRS broth (Biolab) and filtered MRS broth, respectively. MRS broth (Biolab)
was filtered through a Minitan™ system (Miliipore, BioSciences International), equipped
with nitrocelluiose membranes of 6000 — SOOO Da ih pore size. The MRS filtrate
(MRS}, containing proteins smaller than 8 000 Da was then autoclaved and inoculated
as described before. Inoubatioh in MRS broth and MRSf was at 30 °C and 37 °C,
without agjitation, for 29 h. Peptide ST4SA activity was determined two-hourly.

Purification of peptide ST4SA

One liter of MRSf was inoculated with Enterococcus mundfii ST4SA
(ODsgoonre = 1.8) and incubated at 30° C for 24 h. The cells were harvested by
centrifugation (8 000 x g, 4°C, 15 min) and the cell-free supernatant incubated at 80° C
for 10 min. Ammonium sulfate was gently added to the cell-free supernatantat4° C to
a saturation level of 80%. After 4 h of slow stirring, the preéipitate was collected by
centrifugation (20 000 x g, 1 h,4°C). The peiiét was resuspended in one-tenth volume
25 mM ammonium acetate (pH 6.5) and desalted against sterile MiliQ waterusinga 1.0
kDa .cut~6ff Spectra/Por dialysis membrane (Spectrum 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.



-11-1-111141-11-1-111115-111 -1-11

52
Table 19
Sample Activity  Total protein  Specific activity Yield Purification
(AU/mI) (g/ml) (AU/ug protein) (%) Factor
Cell-free supernatant 12 800 10.77 1 188.49 100 1
(450ml) 7
Ammonium sulphate 102 400 82 .31 1244.08 80 1.1
precipitate
(45mb)
Dialysate 102 400 35.77 2 862.73 80 2.4
(45mfl)

Active fractions collected from the AKTApurifier corresponded to the
ST48A peak and produced a 42-amino acid peptide, the expected size of peptide
ST4S8A.

Isoc-electric focusing of peplide ST4SA

fso-electric focusing of peptide ST4SA was done by using the Rotofor®
electro-focusing cell (Bio-Rad, Hercules, California, USA). One liter of cell-free
supernatant, obtained from strain ST4SA cultured in MRS, and prepared as described
before, was lyophilized and resuspended in 50 ml sterile distiled 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
of the collected fractions was adjusted to pH 7.0 with 3 N NaOH or 3 N HCl and tested
for antimicrobial activity against Laclobacillus casei LHS. The fractions that tested
positive 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.

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 liquor (CSL), cheese whey powder (CWp) and molasses
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are regularly used as part of growth media. CSL is a by-product formed during the

milling of com. i is mainiy a nitroge s (mainly sucrose),
vitamins and minerals. Cheese whey, a by-product in the diary industry, is the most
common fermentation medium for lactic acid (LA) production, and contains mainly
lactose, proteins and saits. Molasses is a by—product containing mainly sucrose with

fraces of other minerals.
Culture and media

Strain ST4S8A was cultured in MRS broth (Biolab) and inoculated (2% viv)

into CSL, CWp and molasses, respectively.

Fermentations

Fermentations were conducted in test tubes containing 10 mi of media.
The pH was adjusied with NaOH befare 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 controlled. Optical density

{OD} was measured at 600 nm.

Molasses and CSI. at 10, 20 and 50 g.i'1 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 supernatant. C3L, on the other hand, produced a supernatant with
activity of up to 3200 AU.mI™? at a minimum concentration of 20 g.i”. As may be
concluded from these results, a nitrogen source (CSL) is required to sustain peptide

ST4SA production.
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Table 20
pH
No. Media o1l Initial End AU mt’
1 MRS (Control) 6.50  4.65 12800
2 10 6.50 438 1600
3 CSL 20 650 441 3200
4 50 650 4.56 3200
5 10 6.50 4.82 0
6 Molasses 20 6.50  5.01 0
7 50 650 497 0
o TST!
8 10 627 4.4 800
9 CWp 20 6.55 444 800
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 TSI (Table 20). Peptide ST4SA activity of up to
1600 AU.mI™" was recorded in CWp (Table 20). '

A full factorial design (F FD) 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 to whether there was any

interaction between the nutrients.
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Table 21
2% FED with CSL and CWp
pll .
No. CSL  CWp_ Ipitial Ead AUmI’?
1 1 1 6490 5310 12800
2 -1 1 6490  5.100 12800
3 1 -1 6.450  5.430 12800
4 1 -1 6.480  5.090 12800
MRS 686 453 51200
CSL5gTs1 6.51  5.04 12800
CSL10eTS1H 6.47 512 12800

The utilization of sugars was determined by using the following methods:
Phenot-sulphuric acid assay for fotal sugars

Phenol (500 pl of a 5%, v/v) and concentrated sulphuric acid (2.5 mi) were
added {o 500 (4 of diluted sample in a test tube. The solufions were thoroughly vortexed
and absorbancy readings taken at 480 nm {room temperature). Sugar concentration (g

gluoose.i'1) was calculafed 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, HzO
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 .

Total sugar concentrations varied between 5 and 10 g TSI (represented
by "1" and "1" respectively). The results (experiment performed in duplicate) suggested
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that the concentration of CSL and CWp had no effect on peptide ST4SA production
(Tabie 2‘1).' CSLatband 10 g 150" yieided peptide ST4SA activity similar o that
recorded in the CSL. and CWp combination (Table 21) and four-fold higher than
recorded with 50 g.I" CSL (Table 20). As is evident from these results, CSL had the

most significant effect on peplide ST45A production.
Optimizing CSL

Peptide ST4SA activity of up to 12800 AU ml " was recorded in pure CSL
at a concentration.of 10 g TS.I". This was, however, low compared fo peptide ST4SA’
activity recorded in MRS (51200 AU.mI"). In a preliminary experiment, MRS
componenfs {except glucose) were added to 10 and 40 ¢ TS.I" CSL and CWp,
respectively (Table 22). A fwo-fold increase in activity was observed for 10 g TS csL
with supplements compared to pure CSL. In ‘contrast, CSL. at 40 g TSI with
supplements yielded low aciivity. A high concentration of CSL inhibited growth (small
decrease in pH) and, subsequently, also peptide ST4SA production. This may be due fo
inhibiting components in CSL. The same experiment was done with CWp (Table 22).
With an increase in CWp concentration (from 10 to 40 g TSI, no effect on peptide

ST4SA production was recorded.

Table 22 _
CSL supplemented with MRS components

pH
No, Carbon source g TS17 Initial End AU ml™”

1 [0 652 547 25600
2 CSL 40 655 626 800

3 10 651 492 12800
4 CWp 40 650 5.07 12800

At10g TS.I" CSL produced peptide ST4SA at twice the activity compared
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to CWp (25600 AU.ml"™Y). CSL was therefore chosen as medium for future experiments.

As not all of the MRS components played a role in improving peptide
ST4GA production, a screening experiment was done to identify the significant
components. This screening experiment was done via a 2'*° fractional factorial design
(FrED). The design made it possible to test 10 factors inlonly 32 runs, instead of the
normal 1024 runs (Tables 23 and 24). It was also possible to determine if there were

any interactions between components. Results were analyzed with ANOVA (Tahle 25).

Tabie 23
High and low concentrations of MRS components and CSL
MRS broth gl
Component gl 1 -1
A Special peptone 10 10 0
B Beefl extract 5 5 0
€ Ycast cxtract 5 5 0
D CSL o~ 6 3
E  Potagsium phosphate 2 2 0
F Tween80 i 1 0
G tri-Ammonium ciirate 2 2 0
H MaSQ, 0.1 0.1 0
J MnSO, 0.05 0.05 0
K Sodium sceiate _ 5 5 Q

Linear model in terms of coded values:

Activity = -1431.2"B + 856.2*C + 3831.2*D - 2781.3*E - 2243.8*G - 2006 2" K +
76638.8 [Equation 2]

R*=073

Peptide ST48A 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), fri-ammonium citrate (G) and sodium acetate (K) had
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negative coefficients in the linear model (equation 2) causing a decrease in the

a
response variable. This reflected their negative effect on peptide ST4GA production.

This meant that only yeast extract (YE) (C) and CSL (D) increased peptide ST4SA

production.

Table 24. 2°° FrfD design
A 2

Na. N B C D [ P o ARCD . GueABCE  HB=ABDE  J=ACDE  K=RCDE
1 - -1 -1 4 -l ' 1 i 3 1
2 1 1 1 -1 -1 1 1 A -1 1
3 ; 1 -1 -l 4 1 N - ] -4
4 1 1 -1 -l -1 1 I 1 - -1
5 ; -l 1 -1 -1 R -l ) -1 -
6 1 -l ) - - 1 1 -1 ) N
7 -l i 1 . -1 1 I N -1 1
8 1 i 1 - 1 .4 - 1 1 ]
a 1 A . 1 -1 -1 1 -l -1 -1
0 1 -f -1 1 -1 ; A i 1 -1
i N I -1 1 a : A 1 .1 1
12 ! 1 -1 1 1 -1 1 -l 1 1
i3 - 1 1 1 -1 1 -1 Al ] 1
14 1 K| 1 i -1 -1 1 1 - 1
15 ST ] 1 -1 - 1 i | N
16 ] 1 i 1 -1 1 I -l -1 1
17 o 4L - -3 1 X -l -l -1 1
1% I -1 -1 4 1 -1 1 1 1
19 A 1 1 ot | ; 1 1 |
20 1 1 -1 - 1 1 19 I | I
21 - -1 i 1 1 ] I N i 1
2 | - ] 1 i 1 i : i 1
23 -1 3 1 1 1 ; ] | ] A
24 1 1 1 . ! i 1 -1 ] -1
3 -2 1 -1 } : : i 1 1 !
2% 1 N -1 1 i i i -l -1 :
27 W ] i i 1 1 -1 ; 5!
8 I 1 -1 L 1 - i -1 -1
29 -1 -1 1 1 1 ] 1 1 -1 1
a0 1 -1 ) ! I - 1 - ; -1
3 -1 1 1 ! 1 -] B “ o ]
32 1 1 1 i 1 1 ) | i 1
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Table 25. Analysis of Variance Table for a 2'%° FrFD design

Response: Activity (AU ml ™)

Component Df F value  Pr(>¥)
1 0.950 0.334

1 8.858 (.004 #*

1 3.954 0.052.

| 63.474 [.435e-10 ***
1 33.450 4.221e-07 #*%
i 0.162 0.689
i

1

1

1

1

21.770 2.191e-05 *=*
0.207 0.651

0.008 0.928

17.405 0.000 ***
1.338 0.253

ol en i N viivs Bl e i o it ve e ™S

Reproducibility
Residuals 52
Signif. codes: 0 "*** 0001 “**'0.01 " *'0.05°.'0.1 " "1

The concentrations of CSL and YE were setwith a 2 FFD (Table 26). The
critical dilution method used for determination of peptide ST4SA activity did not yield
accurate results. This made it impossible to fit a model relating the concentrations of
CSL and YE fo 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,
with a composition of CSL 7.5 g TS.I " and YE 6.5 g.I".
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Table 26
2% FFD with 3 centre points for determination of C8L and YE concentrations
AU mt” g1’
No. ¢ D Repll  Repl2 Compenent 1 ] -1
I -1 -1 25600 25600 C CSL 10 65 3
2 -1 I 25600 25600 D YE 10 7.5 5
3 i -1 36204 12800
4 1 i 25600 36204
5 0 0 25600 25600
6 0 0 25600 36204
7 0 0 51200 25600

A growth curve with optimal media is shown in Figure 30. CSl-based

media and MRS yielded similar growth kinetics.
Batch to batch variation

The composition of CSL. may vary on a daily basis, as it is a waste
product. A difference in composition has the potential of significantly affecting results.
This was-mvestigated by perfofming the same experiments on a second batch of CSL.
This fime ANOVAanalysis identified YE, CSL., Tween80, MnSQ04, 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 fo find that yeast extract was once again
one of the significant components. Tween80 has emulsifying propetties. The final

concentrations, as setina 2°FFD design, was: YE 7.5 g.I’1, C8L10 g.l"1 and TweenBO
2g.r",

Growth limitations

The sugar content of the CSL medium was measured before and after



1 33.450 4.221e_07** 1 0.162 0.689 1 21.770 2.191e-05 *** F| 1 0.207 0.651 1 0.008 0.928
1 17.405 0.000 *fl Reproducibility 1 1.338
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fermentation. At the stari of fermentation, CSL was made up to a concentration of

7.5 g TS.i". The main monomer sugars present were glicose and
concentration of 3.883 g.I'". Only about 51.8% of the total sugar was therefore in a

fructose at a iots

fermentable form and not all sugars were metabolized during fermentation. At the end
of fermentation (constant OD}), the pH was 4.6 and the residual sugars left were 8.8%.
Growth limitations were due to low pH and not due to a lack of nitrcgen, minerals,

vitaming or any other nutrients, and Table 27 shows the carbon uptake during

fermentation.
Table 27
Carbon uptake during fermentation
Time Glucose Fructose Total sugar % Sugar
[h] le/l} g/ fo/lf fermented
0 1.747 2.136 3.883 0.0
10 0.391 0.899 1.290 66.8
19 0.041 0.301 {1,342 91.2

Accordingly, it is evident that CSL supplemented with YE could match high
peptide ST4SA levels obfained in commercial MRS broth. AdVantageously, this has the
potential of significanﬂy reducing costs associated with cultivation media. CSL was
selected as growth medium for industrial production of peptide ST4SA.

Development of Enterococcus mundtii ST4SA info a probiotic

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. Caco-2 cells, which originate from human colon adenocarcinoma, were
used as an in vifro model to investigate the adhesion and competitive exclusion abilities

of E. mundlii ST4SA 1o epithelial cells.

The results are expressed as percentage of adherence compared to the
incculum, E. mundtii ST4SA and L. monocylogenes Scott A were able to adhere and
hoth showed 5% adhesion fo the Caco-2 cells. The adhesion of &£, mundfii ST4SA was

fowered to 1% when the incubation time was only 1h. Food material stays in the small



0.253 Residuals 52  Signif. codes: 0 ***' 0.001 **' 0.01 * 0.05'.'0.1'1 The
concentrations of CSL and YE were set with a 22 FFD (Table 26). The critical dilution method
used for determination of peptide ST4SA activity did not yield 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 cg@centrations of CSL and YE. The average
value was selected as the best, with a composition of CSL 7.5 g TS.I -l and YE 6.5 g11. 60
Table 26 z FFO with 3 centre points for determination of CSL and YE concentrations No. C D
AU nil -/ glhtesRephi2Repd. & ofoporeald allow sufficient time for £. mundtii ST4 to adhere to

the epithetiai cells. However, £. mundii ST43A did not have an effect on the adhesion
of L. monocylogenes Scott A regardless of whether the strain was added before, during
or after the incubation with the pathogen. In the exclusion and displacement tests, L.
monocytogenes 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 fact that £. mundtii STASA and L. monocytogenes Scott A
might bind to different receptors on the epithe!iai cell. E. mundtii ST4SA and L.

monocytogenes Scott A would, therefore, not compete for similar receptors.
" Resistance of E. mundtii ST4 against antibiotics and anti-inflarnmatory 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 £. mundti
ST4SA are Promoxit, Cipadur, Roxibidd and Doximal.

. Promoxil, Doximal, Cefasyn and Utin had no effect on the adhesion of
ST45A 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



10-11234567-1-111000-11-11000 25600 25600 36204 25600 25600 25600
51200 25600 25600 12800 36204 25600 36204 25600 CCSL D YE 10106.57.535
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Medicament Strain ST43A
Ibuprofen, 5Smg/ml P
Aspirin, Smg/mi +
Promoxil, ‘iﬁbrﬁg!ml PR
Cipadur, 50mg/ml . . B
Cefasyn, 100mg/m| ' -
Roxibidd, 30mg/ml oo

| Doximal, 20mg/ml ' s
Ciploxx, 100mg/m} +

Utin, 80mg/mi -

RhEUQGSiC, 4mg[mf _

Coxflam, 1_5!,‘19““i e

K-fenak, 5mg/ml e

Brefiam, 3maimi T —
[bugesic. ++

Pynmed -

- = no zones, + = diameters between 1 mm and 11 mm; ++ = diameters between 12 mm and 16 mm:

++4 = diameters of 17 mm and more.



A growth curve with optimal media is shown in Figure 30. CSL-based media and MRS yielded
similar growth kinetics. Batch to batch variation The composition of CSL may vary on a
daily basis, as it is a waste product. A difference in composition has the potential of
significantly affecting results. This was investigated by performing the same experiments on a
second batch of CSL. This time ANOVA analysis identified YE, CSL, Tween80, MnSO4, and
sodium acetate as the components having the mog{,significant effect on bacteriocin
production (P < 0.1). Continued optimization showed that MNSO4 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 ekaitsiet 28as once again one of the significant components. Tween80 has
emuIsWymbMedmmn&mﬂ'he final concentrati®traja$ §45iA adt®@&PD design, was: YE 7.5 g.11,
CSL 10 g nd T reen80-2-Growth-fimitat 7 -fermentation:-At the startof fermentation,
CSLw a & up to a concentration_of 7.5 g TS.11. The main monomer sugars present were
glucose an@ﬂmﬁmbse at a total concentratio® #9883 g11. Only about 51.8%/of the total
sugar was T@ffa’&!ﬁﬁd'hﬁ ;ﬁ{ entableformm|agid kgt all sugars were metabolized during
fermentatipn..Af.the.en ermentation.(c nqtanf QD). the.pH was.4.6-and-the residual
sugars leff Rerdiiadd DG‘PGMH limitations Wéré the to Iow pH and not due to a lack of
nitrogen, MRS MEBRIPMIT any other nutrigpts,1afd Table 27 shows the carbon uptake

during fermentation... rbewup%pgfermentaﬁeﬂﬂme@ueeseFructoseTotaI
sugar % SUSKF IR nented 0 1.747 3.883 0.0 10 0.391 0.899
Cefasyn (10 mg/mi) 1.2 x 10*
Cefasyn (50 mg/ml) 17 x 107
Utin (8 mg/mi) 4 x 10°
Utin (40 mg/ml) 3x 10"
Ibugestic syrup (100 i) 6x 10°
“K-fenak (0.5 mg/l) 3 x 10°

In vivo assessment of the safety, toxicity, bacterial translocation and survival, immune
modulation capacities and efficacy of orally administered E. mundtii ST4SA cells -

comparisons with Lactovita.

Animals

Thirty six male Wistar rais 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 iib.

Bacterial strains and probiotic

E. mundfii strain ST4SA was cultured in MRS Broth at 30°C for 18 hours;
the opfical density was adjusted to 1.8 at 800 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



1.290 66.8 19 0.041 0.301 0.342 91.2 Accordingly, it is evident that CSL
supplemented with YE could match high peptide ST48A levels obtained in commercial MRS
broth. Advantageously, this has the potential of significantly reducing costs associated with
cultivation media. CSL was selected as growth medium for industrial production of peptide
ST4SA. Development of Enterococcus mundtii ST4SA into a probiotic An important
criterion for the selection of probiotic strains is adhgsgion to epithelial cells. Probiotic bacteria
may also compete with pathogenic bacteria for adhesion sites. Caco-2 cells, which originate
from human colon adenocarcinoma, were used as an in vitro model to investigate the
adhesion antlibonhpetitne erchusiereabitiddsbef & spenditigST 4BAtorepitheliateldlsn 1 ml of
The results afe g . percentage q e ompared.to the inogulum..E. _mupgltii
ST and R e T KT

the Caco-2\¥eIR, 'THeSaaRasbinobEriaudm SThSAOasaoderet 16 196 nWHEN TS Trdibatsh

time was orfyritmicreddvalefinhgiaysdigahaggnall 62 intestine for 2h and therefore would
allow sufficient time for E. mundtii ST4 to adhere to the epithelial cells. However, E. mandril

ST4SA did not have an effect on the adhesion of L. monocytogenes Scott A regardless of
whether the strain was acdéolibefcapsdiedngeos aftgriibe imoubaikrandhdhes pathiegein. stethe

exclusion agg fisplpLRmenL IS lmanosonenRR Sool AShpued:at adiiesion. The

competition test showed no conipetition for adhesion as the percentage a n stayed the
same as in the control. This can be explained by the fact that E. mundtii ST4SA and L.

monocytogenes Scott Ay Righbbinshie diitriess merpioraonihereRithelial srlink: awardii- 15
ST4SA anq_@go&c&%iyto%@nes Scott A would, therefore, not compete for similar receptors.

Resistance YR A AYEHEC DYoL RIPR ARTIHARNAIB K dRIg g hosphatabutfer
mundtiST4ABK Frwetlasisisiande againsiduepandidioic$AT afibyocaoskUtinyandith@d°C and
inflammato | Rheugesi f Pynmed. I wn in Table
26, ANl LT o By I e MOk e SR B Aol
Roxibidd akucbiised).cells werprepaasiieDédmial stelasghinntibifge) reneféet eftheere
adhesion ofgrhhfeRE%iE0iRCR& e b3 ¢agapared 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. Table 28 Medicament Strain

STASA Ibugkptenmentg/adsigh Aspirin, 5Smg/m1 +

Two groups of animals received strain $T4 via intragastric gavage, two
groups received Lacfovita and the remaining two control groups received water for 7
consecutive days. On day 8, both control groups were infected with Lisferia
monocytogenes and one group from each of the strain ST4SA and Lactovita groups
was also infected with L. monocytogenes via intragastric gavage. At this time the
animals also received E. mundtii strain ST4ASA, Lactovita or water. Probiotic or water
was administered again on day 9 and 10. When the control groups began presenting
symptoms, £. mundtii strain ST4SA was administered via intragastric gavage to one of

the groups. This group was then monitored for alleviation of symptoms.

Animals were monitered twice daily for symptoms of listeriosis. Animals
were sacrificed on day 11 (except the control group now receiving £. 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 BH! solid

media and Listeria selective agar base and the cfu/mi was determined. Plasma was



Promoxil, 100mg/m1 ++++ Cipadur, 50mg/m1 +++ Cefasyn, 100mg/m1 Roxibidd, 30rng/m1
+++ Doximal, 20mg/m1 +++ Ciploxx, 100mg/m1 + Utin, 80mg/m1 - Rheugesic, 4mg/m1 -
Coxflam, 1.5mg/m1 - K-fenak, 5mg/m1 ++ Preflam, 3mg/m1 -1- Ibugesic ++ Pynmed _
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collected and endotoxin leveis as well as cytokine (IL-6 and IFN-0) levels were

determined. The liver, spieen and sections of the gastrointestinal tract were excised

and fixed in formaldehyde prior fo paraffin embedding.

Sections were stained with hemolysin and eosin for histological analysis.
The hemclysin and eosin analysis indicated fhat oral administration of strain ST45A
does not result in any structural damage 1o the liver, spleen or GIT (see Figure 31). No |
differences were observed between animals that had been administered strain ST45A

and those receiving only unsuppiemented water.

As described herein, the Enferococcus mundfii strain, ST4SA, isolated
from soy bean extract, has been found by the Applicant to produce a useful
antibacterial peptide, peptide ST4SA, which is active against a number of pathogenic
organisms such as those isolated from human middle-ear infections and the human
intestine. Advantageously, peptide ST4SA is not cytotoxic. The Enferococcus mundtif
ST4SA strain has been distinguished by the Applicant from other strains of £. mundtif
by sugar fermentation reactions, a number of biochemical tests, the presence of two
piasmids (pSMSA‘I and pST48A2), and a unique gene (AdhST4SA), encoding
adhesion o intestinal épitheiia! cells and mucus. Peptide ST4SA has been purified and
sequenced, and contains two large hydrophobic regions. The Applicant has isolated
and sequenced the nucleic acid seguence encoding peptide ST45A, as well as the
nucleic acid sequence encoding the transport of ‘peptide STASA across the cell
membrane, which serves to 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 treating the peptide with proteolytic
enzymes confirmed that the activity is due to the peptide structure and not lipids or
carbohydrates linked to the molecule. Surprisingly, the peptide remained active after 30
min of incubation in buffers between pH 2.0 and 12.0, and after 80 min at 100°C. Even
more surprisingly, treatment with EDTA, SDS, Tween 20, Tween 80 and Triton X-100



= no zones; + = diameters between 1 mm and 1 +++ = diameters of 17 mm and more. mm;
++ = diameters between 12 mm and 16 mm; 64 Table 29 Medicament Strain ST4SA
adhesion Inoculum 1 x 107 Control 5 x 10 Cipadur (5 mg/ml) 6 x 103 Roxibidd (10 mg/ml) 3x
10 Promoxil (8 mg/ml) 1.25 x 104 Doximal (2 mg/ml) Ix 104 Cefasyn (10 mg/ml) 1.2 x10'
Cefasyn (50 maim!) 7 x 102
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did not lead to loss in antimicrobial activity. Strain ST4SA survives low pH conditions
{pH 2.5}, grows in medium adjusted
and is resistant to 1.0% (w/v) bile salts and pancreatic juice. Growth of strain ST4SA
occurs at 10°C (although slowly) and at 45°C, with optimal growth at 37°C. Only L(+)-
lactic acid is produced from glucose. These strain characteristics, the rapid and stable
production of peptide ST4SA, even when the strain is exposed to environmental stress,
the fact that the peptide is non-cytotoxic, and that it is produced by an organism with

GRAS (generally regarded as safe) status, renders the strain a useful probiotic.

-C OiTi O MNdm O L i e e -~ £
om pit 4.0 1o 8.6 in the presence of 5.5% NaCll,

The peptide also has use as an antimicrobial agent in a liquid formutlation,
as a topical treatment for, for example, middle-ear infections. This liquid formulation
may be applied ta the ear using an ear drop applicator. The liquid formulation is also
included in a liquid form of the probiotic of Enterococcus mundtif for use as a liguid
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 alse used as an antimicrobial agent encapsulated in a polymer.
This polymer is then used in a formulation for fopical 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 ieads to a slow 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 cintment, lotion, or cream |
formutations and used to treat infectiohs. The peptide may also further be used as an
antimicrobial agent by being incorporated into liquid formulations such as, for example,
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 béing incorporated into
packaging méterial 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 Enferococcus 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,



Utin (8 mg/ml) 4 x 104 Utin (40 mg/mu 3 x 10 lbugestic syrup (100 pi) 6 x 105 K-fenak (0.5
mg/1) 3 x 104 In vivo assessment of the safety, toxicity, bacterial translocation and survival,
immune modulation capacities and efficacy of orally administered E. mundtii ST4SA cells -
comparisons with Lactovita. 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
controlled atmosphere (temperature 20 3C). The grimals were fed a standard diet and ad lib.
Bacterial strains and probiotic El mundtii strain ST4SA was cultured in MRS Broth at
30C for 18 hours; the optical density was adjusted to 1.8 at 600 nm. Cells were harvested by
centrifugatier @UENVESIEONG 20 mM phosphate buffer (pH 7.5). Washed cells were
resuspended in 100 mM sucrose, frozen at -80C and lyophilized overnight. The 65 cfu/vial
values werGARIGLIINA Iuh SHSRERHLIALA ghvee PYaSe 7k Calis bt Cbahehesghalenlier and
spread plating dilutions on MRS solid media. Lyophilized cells were resuspended in sterile
skim milk (199) and® % Todehd ptimmr STASA Was administered via intragastric gavage.
Lactovita capsutes:were emptied into a vial and resuspended in sterile skim milk (10%) and 2
x 108 cfu was administered via intragastric gavage. Listeria monocytogenes Scott A
was culturede. BHNBretirats3&@fiorei 8 hours. Cells were harvested by centrifugation and
washed in 20"mNM plioSphate buffer (pH 7.5). Washed cells were resuspended in 200 mM
sucrose, frogaarédo@e mimtiyephilizadovermightr A herspsahened ginyiatmas determined as
described a@Eﬂé?L@OpﬁjEsq&hﬁc@ﬂﬁmre resuspended in sterile skim milk (10%) and 104 cfu
were admini§teréd Vg iRtragastric gavage. Experimental design Two groups of
animals receietbsiain SEderia tfiagastric gavage, two groups received Lactovita .and the
remaining tifo°eJRtPET GRBIPE Téceived water for 7 consecutive days. On day 8, both control
groups wergipfeeied With hisleliamengoyimaenasanspasaiaupiam aaehahtie strain
ST4SA anddeacipvie grawpsarbsraled infected with L. rnonocytogenes via intragaStric
gavage. At s tim&* & anmiais &fSo received E. mundtii strain ST4SA, Lactovita or water.
Probiotic orgiates Was adixisistgiedagain on day 9 and 10. When the control groups began
presenting sytnptorrBCECHTaNdti"strain STASA was administered via intragastric gavage to
one of the grouRg: 58!3:959%96'%%&@?” monitored for alleviation of symptoms. Animals
were moniteredticedathgtongymptoms of listeriosis. Animals were sacrificed on day 11
(except the control group now receiving E. mundtii strain ST4SA). Blood was sampled from
the right veﬁﬁﬁfﬁg'ﬁ&@ﬁ;ﬁw&&gﬁﬁgrwme determined by a pathologist laboratory, a sample
of blood was inoculated onto BHI solid media and Listeria selective agar base and the cfu/m1
was deternﬁﬁﬁ‘?ﬂg\g@% i ?@Mﬁﬁéﬂﬁﬁ EHASIORHTEEIEY2NFH A S tokine (IL-6 and
IFN-a) Ieveﬁﬁf 'IEé LS IneeheL g Iver, spleen and sections of the gastrointestinal tract were
excised and fixed in formaldehyde prior to paraffin embedding. Sections were stained
with hemoly¥§f: Aot REY HiRABINBR-Eal analysis. The hemolysin and eosin analysis indicated
that oral administration of strain ST4SA does not result in any structural damage to the liver,
spleen or G IT (see Figure 31). No differences were observed between animals that had been

admin iswreﬁ&%r@@c%&egﬁcg c%ggt%%?e?orc%%%h/si %.-%H}I(RPEH WE%H}%Q&%%?JM peptide ST4SA

ATGTCACAAGTAGTAGETGGARAATACTACGGTAATGGAGICTCATGTAAT ARBARAGGETGCAGTCTTGATT GOGEABARGITATTGGEATTA
TUGGARATEATTC TGO TGCHAAT I AGUTACTGGTGGAGCAGCT GG T I GCGAARRGTT AR

SEQ. ID. NO. 12
Polypeptide encoded by Enferococcus mundtii (ATCC PTA-7278) antimicrobial peptide ST48A

MEGVVEGKY YGNGVSCHKKGCSVDRGEATIGI IGNNSARNLATGGRAGWRS

SEQ. ID. NO. 13
Polynucieotide encoding Enferococcus mundtii ST4SA (ATCC PTA-7278) ABC transporter gene

ATGCAGATGA T TTTARAT AR T PC AT TCATGCAT T TCASTGCARGTT TTABGAGARCT TARCTHAAACCGAT I CTCARASGTRCCTETECATTRG
GPATAGTTAACGGAT TTGCTARATTAGGARTAAAT T GICAAGCL YA AAAGUTARTRGTIGAYGTATGEARRGRARATGACTTCAATTATCCCGRT
ARDTGCTAATATAGTAACGARTARTCAATTTCTTCATTATTATATIGTATAI GG GTGARRARAGAGRAATTGT TARTAGCTGACCCTBCGATT
GCARAATACARACARTCARATAGARARGTTCAACARUAARTGGACTGCTGTTAT T TAGTTGCT GARRAGACTCCTGATYTCIARCCCATARNTA
ATACARALAARAGTTITT T TRCTTCAATAAGL PTAT TARKAGATCAATATARRAAA AT TTTATTGGTGATATTATCTTCA IAAT AR TAACART
TATAGGARTACTATCARAGT TACTATITTAGRATT T TAATAGAT TGGTTACT TCC TGRARARAGACT I I TTAARTC TRV LA TGATATCRARTTAGE



As described herein, the Enterococcus mundtii strain, ST4SA, isolated from soy bean extract,
has been found by the Applicant to produce a useful antibacterial peptide, peptide ST4SA,
which is active against a number of pathogenic organisms such as those isolated from human
middle-ear infections and the human intestine. Advantageously, peptide ST4SA is not

cytotoxic. The Enterococcus mundtii ST4SA strain has been distinguished by the Applicant
from other strains of E. mundtii by sugar fermentation reactions, a number of biochemical

tests, the presence of two plasmids (pST4SA1 and pST4SA2), and a unique gene
(AdhST4SA), encoding adhesion to intestinal epithelial gglls and mucus. Peptide ST4SA has
been purified and sequenced, and contains two large hydrophobic regions. The Applicant has
isolated and seqq_gmg%@g nucleic acid sequence encoding peptide ST4SA, as well as the
nucleic acid sequencesencadingiiic it anspatLOL B PHHE Ao SRS ME L Teereaes: e
which serves to réadariRNHARY A SHE B ET CEl S S I Pt Al fener gere s
are located on thE GRSHIS RS CITHLRT S ST of s nismide didonot feawktoasgimricm
antimicrobial actiAly: ELTREEEIE IASTOmNTArDthe plasmids toersiraim ok iterooaetiisn:
faecalis did not cRiyeftIesyeepiont miora peplidecthAS Auptaduberswhiskis Miiher SUIGeHER
that the genes aggf;nggmmw&w@% Hasrnt ::Ic@ﬁ,sfwﬁ&_rafﬁl’miﬁifd)@h&"['cﬁétﬁ\m&%ﬁmﬁﬁﬁﬁﬁxmﬁ
peptide with proteokiiorenzymestont et L e A I i R T B AR SRS A
not lipids or carbeBydratas i REHCES e L S S S e Me et e setiveccn
after 30 min of inCUBAROH T Bifers pEthesttRr2seard 2.0, and after 90 min at 100C. Even
more surprisingIgEgggmg‘%yvith E.D.TA, SDS, Tween 20, Tween 80 and Trit.qn X-100 67 did
not lead to loss pLghUGASS BrBs At Wpe LRI i PUYE B RACADAIRIS, (BELG Bl o
grows in medium, aOlySIGRIOMRH4.0,10.9,6 In the, presence of & boe NACL and IS FESbtarit s
1.0% (wiv) bile gaitssandrpanereatic 'ualgew:ém 1 16 SATEHIY Kol AL QLI 55 2 rH ke SU DR it
slowly) and at 4G with:epiimabgraiwincatiomon BRI GG S s Tt ORaR i v e
glucose. These Sirain:EHaraSIEHSES, AHE AP ATieL SAbT8 BRI O HeT e P revery
when the strainJ& exPoSei D eHranReRtarstress: thafact thiattherpeptidens roreytatoxoyn:
and that it is produced by an organism with GRAS (generally regarded as safe) status,

renders the strain a useful probiotic. The peptide also has use as an antimicrobial
agent in a liquig iy s atopical treatment for, for example, middle-ear infections.

This liquid formulation may be apphied %?ﬁ%c%‘ésr'ﬁ%'fﬁ i 354355%55 %Bbﬁ@é‘fb?’."’ff\@tﬁdﬁkf
formulation is g ieliRe T Teddfomiolthesprobictic ot Enterosocousmundtii-foruse.as:
a liquid supple@%%ém%ﬁgmgﬁﬁé PErHRUSLEE A AN AR c&ﬁéﬁﬁﬁﬁﬁﬁﬂéﬁ
a liquid or aspirated form in a nasal spray for treatment in, for example, sinus infections or
sinusitis. The ide (3 4o used as an antimicrobial a ent encapsulated in a polymer. This
polymer is then USed in & g?metﬁ‘lgﬁgﬁ%’?ﬁﬁ?&'ﬁﬁf”(@gf’ﬁfﬁ%f‘Tﬁ?é’EfféSﬁ@'g"uch as, for example,
skin infectionsy ot it Hay BEUSEd o HEBPETHiigH iHplatite 'SueH as sforexamplesearr rsisw
grommets, or for incorporation in wound dressings. The encapsulation of the antimicrobial
peptide in the polymer leads to a slow 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 to treat
infections. The peptide may also further be used as an antimicrobial agent by being
incorporated into liquid formulations such as, for example, 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 material 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. 68 SEQUENCE LISTING Enterococcus mundtii strain ST4SA (ATCC PTA-7278)
ribosome subunit 165 gene primers SEQ. ID. NO. 1: Forward primer AACGAGOGCAACCe
SEQ. ID. NO. 2: Reverse primer GA CGGGC SGT GT GT AC Entero coccus mundtii strain

5



SEQ. ID. NO. 10: Reverse primer lomns-h: StCSCACAACCAATAACTA SEQ. ID. NO. 11
Polynucleotide encoding Enterococcus mundtii (ATCC PTA-7278) antimicrobial peptide
ST4SA 70
ATGTCAGAAGTAGTAGGTGGAAAATACTACGSTAATGGAGTetATGTAATAAAAAAGGSTG
CAGMTTGATTGGGGAAAASOTATTSGCATTA

TTGGAAATAAEPSCTGCGAATS PAGCTACTGGTGGASCAGSTSGTTGGAAAAGTTAA
SEQ. ID. NO, 12 Paolypeptide encoded by Entergcoccus mundtii (ATCC PTA-727%’) ‘
antimicrobialbeptidé gur!gﬁaptlaliy pure culture of Enferococcus mundii strain ST4SA deposited
MSQVVSGSYYGNBMSEN RAGC SWIBNVBE AKSKHGANNEARMMLARTG GREAG SUBER. daph 2. of

13 Poiynucleotide egeainAERIRREPSHAAUINY STASAIATCERTA (LR ARG RRRRONE,

gene

ATGCAGATGAMMAATEA TIEGWT TEOAPEEN TFWIRGTES AReNTEET A SABAG TTHEZIETS AR
ACCGATSTSSCAARREARGIBIHGRAITAG
STATAGMACGGATTTGCTAAATTAGGAATAAATTGTGAAGOSTATAAASSTAATAGMATGT
ATGGAAAGAAAATGAGMAATTATCCCGT

AATTSCTARTATAG HAoAES A THATICAATION Cf BEASETAST Gapiile SAMATEIGDOTIEAGALAA
GAGAAATTGTTA@%@ GACCCTSCGATT

GSAAAATAGAAA ATAGAAAAGTIVAACAACAAATGSACTGGTGTTATITTAGTTGC
TSAAAAGACTCSTGATTSES ARCES AZAAAM

ATACAAAAAAAAGTITTIZFLSHGAMNFABHETANG LARMARAEFAATATAAAAAAATTTTATTS
GTGATATTATSTTCAMAMATAACAAT

TATAGGAATACMTGAAEHENS BT FENG RYeP e RR TR PR IB P 2R AAAAAGA
CTI7TTTAAATC1711=TSAMEGA TN GriBfe constructs thereof having antimicrobial activity;
TATATCATAGGCATTTTTATAACAAGTAMIrMAAATTACCAGAAGATAMATTTAGAAAACCT
AWACAAGATGTAGGTA ICCATTMT

TTAAATATTTAGA&GANITIST OATTT | AOCA T TEDWT THF CMmNAGBR A AAIC TEEING ANMT
TGCCTCTAGATTE@@E%TQGJW‘%J nces having_ antimicrobial activigr which comprises
AATTATACAAGCTT .AG.CTAGCTTT CTAIWA1171TMAGAIIIAAGIVCA _JI'CATTO‘lltTOGG
GATTATATTG AT@;&};\V@W@@WWCWS mundtii strain ST4SA in a nutrient medium under

CAATTATTTTTAARBSEd A CardRIoNS HE @ AdM ddrailind SbeAe N TT ARd>ASFCAMAT &
AARAHATCAG=GATTAAACGGA

AGAGA ... . o )
O AMACAP A TI AR TS AL TN R ST RERSR ARSI R R XAHIDR R PRI
GCACCI7STAGTGAGAATAAGATTGTAAA

TCAAAMATAGAAGT LI ACATART DT GA HRTAINOSHTARSACAMNEM S ERTE ST ML M
TAAT7CAKAAMAAAAATIVTGGT Tait
CTTTTAACCTCGIRY2VEGTATTATGCCTTGGITCOTATTUGTTATCAATGGAGARATTACA
MIWGAGAACTAATAACTTTCAATICATMT |
CTATATT1117TCWICACCTCTACAAAATATATTAAAIVTACAAGAAAAATTCCKARAAGCAGCA
AGTTCC AAAT Aﬁ@@é@ﬁ%&ﬂ%;ﬁﬁ@m 2 or claim 3, wherein the nutrient medium is
TNTATAAATWITGABAAT ARAGAGAKGT SHVRFE AT THE GOTAAATTAAL TEAAABAG GAAE
GATTACATTTGAMATGTATATITTAGT, _ ,
TMOTAAAM|cc?%g‘?i%@W&’@Kﬁr&“ﬁﬁéﬁ?ﬁﬁ?ﬁfﬁé}f&65‘%%’3?16&‘ARARTATAGQ
MATAAAAWMAMGTGCTGVTGWMAAT

CAACDTTAGCAGANGLEY LR A LI BUGRAGA TRATGRAMREAET Ve MR AR
GCAAAATATMAAAATATTAATAGAAAAGA

TTTACGTAAGITEXTEARE TAGREE KTt RAGARE TArS ArFAT QA EIERERACTATTAAAGA
CAATTTATTTTTAGGIHTAGAAAGTATTCCT
A AR CAAC A TC AT AN TG CAMGATACTICTIATGRAGTATATIAGTSC O

ATSGTGCGAATMIFEC AS GFOEA ik ANNG CAANG AMSRTIGCTTE ANGOAXBAGERTIDATYATEAC
bacterial infection in an animal or human.



CLAIMS 1. A substantially pure culture of Enterococcus mundtii strain ST4SA deposited with
the ATCC under the assigned number P1A-7278, said culture capable of producing peptide
ST4SA in a recoverable quantity upon fermentation in;@ nutrient medium containing
assimilable sources of carbon, nitrogen, and inorganic substances. 2. A process for the
production of an isolated peptide selected from the group including: SEQ. ID. NO. 12; a
fragment theréof haVii§ antiAIEIeBIA Halvif: WireshsthRe daresmeditHefesrEavigiration in a
antimicrobial activity:qoxalastlyroeungr bsidgé gansiructs thereof having antimicrobial activity;
and sequences having more than about 75% homology to said amino acid sequence, such
sequences having antimicrobial activity, which comprises cultivating Enterococcus mundtii
strain ST4SASn a nitsrasmmiednad imdeinmicnetamsi e coriditohstatia efopadatinstedtion in a
between 10C and 456 dntil-AisRGvaTaRIg Gisantity of said peptide is produced, and

recovering said peptide. 3. A process of claim 2 wherein the cultivation occurs at a
temperature of about 37C. 4. A process as claimed in claim 2 or claim 3, wherein the nutrient
medium is sedectedikarvinyrengpeiially effirigsaundnplusting: i soMsieRMiIgN 6 16BRRSRom
whey powder; MR broth'l}/easck%eétra_ct; and molasses. 5. A process as claimed in claim 4,

wherein the nutrien méqorlfjurﬁ 'S 8%roth containing 10 to 20 g/l K2HPO4 and/or 15.0 to

20.0 g/1 fructose. 6. Use &fLthérapéutically effective amount of the cultured Enterococcus
mundiii strain as claimed ié‘ﬁ?dfﬁe%ﬂ@h@%&?ﬂ%\ﬁﬁﬁt Hﬁﬂczilorﬁgpgcﬁmﬁm for treating a bacterial

infection in an animal or human. 71 Use as claimed in claim 6, whereln the cultured strain is

for administration in a corf@&fRiatiGRGfetieaiyes deaiaal I vingeantmighekial inctivy 7,
wherein the cultured straindsdlenagmus aliRiydncorrcRMAMBATEN §THATNRrdb abavity:

therapeutically effective amaount of an isolated peptide selected from the group including:
SEQ. ID. NO. 12; a fragm%rﬁq thereof having antimicrobial activity; muteins and derivatives
thereof having antigsigratiatactigitingovatentiiidousteb btidgEs/c onstiotigthereefidavingno  acid
antimicrobial activi%ﬁm(g,gqé{ﬁg}cgg#%y'ig . ';éu about, 75% homology to said amino .
acid sequence, such sequences having anﬁfm:grgﬁg '%&é%?/f%f??ﬁaghaear%léxulfgct&rén &t'a EHfS of
medicament for treafifRicBRGRIfAr Hiradiisakasieishiafentinritean animal or human.

10.  Use as claimed in claim 9, wherein the peptide is for administration in a
concentration of 100 000 AU/ml to 300 000 AU/mi.

11.  Use as claimed in claim 10, wherein the peptide is for administration in a
concentration of 200 000 AU/ml.

12, A substance or composition for use in a method of {reating a bacterial
infection in an animal or human, said substance or composition comprising
the cultured Enterococcus mundtii strain as claimed in claim 1, and said
method comprising administering a therapeutically effective amount of the

substance or composition to the animal or human.

13. A subslance or composition as claimed in claim 12, wherein the cultured

strain is administered in a concentration of 10° to 10° cfu per mil.

14. A substance or composition as claimed in claim 13, wherein the culfured
strain is administered in a concentration of 10% cfu/ml.



10. Use as claimed in claim 9, wherein the peptide is for administration in a concentration of
100 000 AU/ml to 300 000 AU/mI. 11. Use as claimed in claim 10, wherein the peptide is for
administration in a concentration of 200 000 AU/ml. 12, 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 1, and
said method démpridiriy belaiistarimgrachsieiplutisdneffoiteaidigatiotthdaalssiance or

composition to the RN AT AUAMha) &rﬁﬂhﬁﬁ%ﬁi@%ﬁ%@%@ﬁ’é&“&%@%ﬁ@ﬁﬂsﬂ B &g an
wherein the cultured strain is administered jin a concentration of 106 to 109 cfu per ml. 14. A

substance or compd&R|BIFaLeRifsRPIRLR MM marenr RsidiiSred strain is administered

in a concentration of 108 c8EMI.iD¢ NO5 .12 substance or composition for use in a method of

treating a bacterial infectiop j imal or:human, said sub% ce. ol composition comprising
an isolated peptide selectedcl%fréﬁ] %1%%%%%‘6?91%0 fjﬁo{%nagn @ESO 6}%@8 {% a fragment thereof

having antimicrobial activitiuieineia’daderivativesitee et feafingangetihietobiibctivity;
covalently bound bridge C%%mthsmftk}?%@@%aﬂéfrﬂag@f@r@&ﬁﬁ%@@ﬁmemsﬁaoﬁvny;
sai

having more than about 75% homology to amino acid sequence, such sequences having
antimicrobial activity, and &34 method comprising administering a therapeutically effective

amount of the substanpe:nceonhposifomtedhehaninbbor MteRarhdGolbeustasaid aimino acid

composition as claimed in claim 15, wherein the, isolated peptide is administered
SR R AR SR

in
. A4 meth
concentration of 100000 AU/mI'16 '30 §tance of composition as clame

in claim 16, whereis@hepidaiRgett pupistiringarl thielsteraticay etiackrarativnof 20thecaheiante
18. The substance g sommpositionasreaimediBaneae of claims12 to 17, wherein the

substance or composition is in the form of a liquid formulation, ointment formulation, lotion
formulation, cream formulation, gel formulation, liquid spray, lyophilized powder, lyophilized
spray, mouth gvashposgasgiacd brAcslséanies cacaRpasiion asohaimedwnhamironesofwrimes

12 to 18, wherein peptide is administered in a concentration of 100 000 AU/ml to 300 000
AU/m.

17. A substance or composition as claimed in claim 16, wherein the isolated

peptide is administered in a concentration of 200 000 AU/ml.

18. The substance or compaosition as claimed in any one of claims12 to 17,
wherein the substance or composition is in the form of a liquid formulation,
ointment formulation, lotion formulation, cream formulation, gel formulation,

tiquid spray, lyophilized powder, lyophilized spray, mouth wash, or gargle.

19. A substance or composition as claimed in any one of claims 12 to 18, wherein
the bacterial infection is an infection caused by any one or more of:
Acinefobacter baumanii; Baciflus cereus; Clostridium  tyrobutyricum;
Enterobacter cloacae; Escherichia coli; Klebsiella pneumoniae; Listeria
innocua; Pseudomonas aruginosa; Staphylococcus aureus; Staphylococcus
carnosus; Strepfococcus caprinus; Streptococcus (Enferococcus) faccalis; or

Streplococceus pneumoniae.

20. Use of an isolated peptide selected from the group including:



the bacterial infection is an infection caused by any one or more of: Acinetobacter baumanii;
Bacillus cereus; Clostridium tyrobutyricurn; Enterobacter cloacae; Escherichia colt Klebsiella
pneumoniae; Listeria innocua; Pseudomonas aruginosg; Staphylococcus aureus;
Staphylococcus camosus; Streptococcus caprinus; Streptococcus (Enterococcus) faecal's; or
Streptococcus pneumoniae. 20. Use of an isolated peptide selected from the group including:
73 SEQ. ID. NO. 12; a fraghféat HHePEdf hiving antimicrobial activity; muteins and derivatives

thereof having antimicrobig] gt ealsNtinAR BekiRideR ERRstuES thereof having
antimicrobial activity; and sequences havin%{more than about 75% homol%?y to said amino

acid sequence, such sequiHEELRANMJANHIED BiareRklRViRa RO tmAeRIe! relfvivn
antimicrobial agent in the fosmalehdfiquithcdintdyentolatiarctetiasassh Haumylatitimidiguichispsayity
lyophilized spray, mouth Wg’}%‘l, or gargle. 21.Use of an isolated peptide selected from the
group including: SEQ. ID. NO. 12; a fragment thereof having antimicrobial activity; muteins
and derivatives the®RFYRRARY JIRHIEroRRaE abiRityabovhlgalty Bsundlesidde ceridtragino acid

thereof having antirgisgabirdcaciiity sBRHSRIENSAR AN INERINAL AR R ANMRIRPY of

to said amino acid sequence, sych sequences havmgBantimicrobiaI activity in the manufacture
I

of an antimicrobial &5y P ERIRLACERGIMUNRERABNST dhilghis: rAIRfRERbNSIIRI, 6F thFeaMm
infections. 22.A polfereultsicngimddrpmmstelydhhieiadspeagimonnhialaiaiityzp§len isolated
peptide selected from the group including: SEQ. ID. NO. 12; a fragment thereof having
antimicrobial activity; muteins and derivatives thereof having antimicrobial activity; covalently
bound bridge tonstisaottasy éssiaiadingriistintieleticd fomithe anduseineirtiss:having more
than about 75% homologstacsald, aming.acid sequence, such sequences having antimicrobial
activity. 23.A polymer as claimed in claim 22, having included therein the isolated peptide of

claim 1 in a concentratiorPdf 490 VBHRIHRENBVESLBNT tPia! aefivity;

muteins and derivatives thereof having antimicrobial activity;

covalently bound bridge constructs thereof having antimicrobial activity;

and
sequences having more than about 75% homology to said amino acid
sequence, such sequences having antimicrobial activity in the manufacture of
an antimicrobial spray for treatment of sinus infections, sinusitis, rhinifis,

tonsiilitis, or throat infections.

22. A polymer having incorporated therein an antimicrobial quantity of an isolated
peptide selected from the group including:
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;
and
sequences having more than about 75% homology to said amino acid

sequence, such sequences having antimicrobial activity.

23. A polymer as claimed in claim 22, having included therein the isolated peptide
of claim 1 in a concentration of 100 000 AU/mi to 300 000 AU/mL.



24. A polymer as claimed in claim 23, having included therein the isolated peptide of claim 1

in a concentration of 200 000 AU/ml. 25. A polymer as claimed in any one of claims 22 to 24,
incorporated into packaging materials, implants, medigal devices, ear grommets, catheters,
ostomy tubes and pouches, stents, suture material, hygiene products, contact lenses, contact
lens rinsing solutions, and wound dressings. 26. A probiotic composition including a
therapeuticallgeffective® boreensratiomes M BilslbyidalGpine hutuiedtiEretrdbedevisted rentide

strain ST4SA as clagngdiin ¢laim dordefrRighistiomPmpPAitigRas claimed in claim 26
wherein the bacterial strain is included in a concentration of about 105 to 109 viable cells (cfu)

per ml of probiotic composition. 28. A probiotic composition as claimed in claim 27, wherein
the bacterial gffain i4 ipciydes ias ctaiceqtraticmef abeuif2 oldles vidble cells (otw)ypertiofnto
probiotic Compos't'%c%%%ﬁgfﬂ%?éﬁa%?mﬁﬁéﬂhg , %&é%meﬂé?i@&}{ NG YSIAMILE RS ers,
wherein the composition 15 in the form of a liquid, tablet, capsule, sweet, chewing gum, or
other edible foodst#ti3MY $ubsEaamb BRIINESnTeRIGoRLAY e IBIATEHah BYYWifeRsPelaths 2B Rc

29, in the manufactigigsebadnedicamantifeiie dotishihialeyalswiPatbegrgic bacteria or
viruses in an animal or human. 31. Use as claimed in claim 30, wherein the probiotic

composition is for administration in a final concentration of between 103 and 106 cfu/rril to an
animal or hugtn. 32.fusieics clamesioal dngl Blingvh eheira tiae thiralbiatitectivepasitentiafon of a

administration in a Bﬂﬂ% ool flon pf he é) nd.l r .
75 33. Use as claimed |§ c%aignq%%, v%'e%%n ﬁ%‘?gfo %)t?g g%r%;?’é&#ﬁ‘@@%ﬁ%%%ﬁ%ﬁﬁ%&y
final concentration ®8#Bdut 3 x 106 to an animal or human. 34. Use of a biologically pure
culture of strain Enterococcus mundtii as claimed in claim 1 in the manufacture of a probiotic

for reducing the levels of &alhogenic bacteria or viruses in an animal or human. 35. Use as

claimed in ctafm 34 RFEHAHCRIBRRSHRP A Haer durRiSratioerat e baciaish srabes
to 109 cfu/ml. 36. Utsehaedldimedimclaitasen wherssuthtubuted sieaile isdids dciministratof

n probiotic composition.

28. A probiotic composition as claimed in claim 27, wherein the bacterial strain is
included in a concentration of about 2 x 10° viable cells (cfu) per ml of

probiotic composition.

29. A probiotic composition as claimed in any one of claims 26 to 28 wherein the
composition is in the form of a liquid, tablet, capsuie, sweet, chewing gum, or

other edible foodstuff.

30 Use of a probiotic composition as claimed in any one of claims 26 to 29, in the
manufacture of a medicament for reducing the levels of pathogenic bacteria or

viruses in an animal or human.

31. Use as claimed in claim 30, wherein the probiotic composition is for
administration in a final concentration of between 10° and 10° cfu/mi to an
animal or human.

32. Use ss claimed in claim 31, wherein the probiolic composition is for
administration in a final concentration of between 10° and 10° cfu/ml to an

animal or human.



a concentration of 108 cfu/ml.

33.

34.

35.

36.

75

Use as claimed in claim 32, wherein the probiotic composition is for

administration in a final concentration of about 3 x 10° to an animal or human,

Use of a biologically pure culture of strain Enterococcus mundtii as claimed in

claim 1 in the manufacture of a probiotic for reducing the levels of pathogenic

bacteria or viruses in an animal or human.

Use as claimed in claim 34, wherein the cultured strain is for administration in

a concentration of 10° to 10° cfu/m.

Use as claimed in claim 35, wherein the cultured strain is for administration in

a concentration of 108 cfu/ml.





