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PROBIOTIC STRAIN AND,ANTIMIGROBIAL PEPTIDE DERIVED THEREFROM

FIELD OF THË INVENTION

THIS INVENTION relates to a peptide obtained from a strain of

Ênterococcus mundtii and to a probiot¡c composition of a strain of Enterococcus

mundtii. More particularly, the invention relates to a peptide obtained frorn a strain of

Enterococcus mundtii,Ihe 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 bactería play an irnpoflant role in maintaining the balance of
normal gastro-intestinal microffora. Diet, stress, microbial infection and intestinal

diseases disturb the microbial balance, whlch often leads to a decrease in the number

of viable lactic acid bacteria (especially laciobacilli and bifidobacteria) in the intestinal

tract. The subsequent uncontrolled proliferation of pathogenic bacteria then leads to

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

ulcerative colit¡s.

One of the key properties of probiotic lactic acid bacter¡a is the adhesion

of cells to epithelial ceÍls or intestinal mucus. This requires strong ¡nteraction between

receptor molecules on epithelial cells and bacterial surfaces, Adhesion of probiotic cells

prevent the adhesion of pathogens and stimulate the immune systerÏ. The latter ¡s

achieved by inteiacting with mucosal membranes. wh¡ch in turn sêns¡t¡ses tl-ìe

lymphoids- Another inrportant characterist¡c of probiotics js survivaf at low pH and high

bile salts.

Certain strains of bifidobacteria, lactobacilli and enterococci associated

with the jntestines of humans and animals are knôwn to produce bacteriocins

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

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, which often leads to a decrease in the number of viable lactic acid bacteria
(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 cancer, inflammatory disease and ulcerative colitis.               One of the key properties of
probiotic lactic acid bacteria is the adhesion of cells to epithelial cells or intestinal mucus, This
requires strong interaction between receptor molecules on epithelial cells and bacterial
surfaces. Adhesion of probiotic cells prevent the adhesion of pathogens and stimulate the
immune system. The latter is achieved by interacting with mucosal membranes, which in turn
sensitises the lymphoids. Another important characteristic of probiotics is survival at low pH
and high bile salts.              Certain strains of bifidobacteria, lactobacilli and enterococci
associated with the intestines of humans and animals are known to produce bacteriocins
(antimicrobial peptides). The role of these peptides, and their significance in controlling  2 the
proliferation of pathogenic bacteria in the intestinal tract, is uncertain. 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 bacteriocins are produced by lactic acid bacteria normally present in the intestinal tract,
viz. the Lactobacillus acidophilus-group, Lactobacillus router!, Lactobacillus casei,
Lactobacillus fermentum, Lactobacillus plantarum, Lactobacillus pentosus, Lactobacillus
paracasei subsp. paracasei and Enterococcus faecalis.              The invention describes a
strain of Enterococcus mundtii that resists intestinal stress conditions (e.g. low pH, bile salts,
salts, pancreatic enzymes) and produces a broad-spectrum antibacterial peptide (peptide
ST4SA). BRIEF DESCRIPTION OF THE INVENTION               According to one aspect of the
present invention there is provided an isolated peptide from the bacterium Enterococcus
mundtii, said peptide having the following amino acid sequence:
MSQVVGGKYYGNGVSCNKKGOSVDVVGKAIGIIGNNSAANLATGGAAGWKS (SEQ. ID NO.
12); a fragment thereof having antimicrobial activity; muteins and derivatives thereof having
antimicrobial activity; covalently bound bridge constructs thereof having antimicrobial activity;
or sequences having more than about 95% homology, preferably more than 85% homology,
most preferably more than about 75% homology to said amino acid sequence, having
antimicrobial activity.               According to another aspect of the present invention there is
provided an isolated nucleotide sequence which codes for peptide ST4SA of the bacterium
Enterococcus mundtii.  3        The isolated nucleotide sequence may comprise the following
nucleotide sequer.ce:
ATGTCACAAGTAGTAGGTGGAAAATACTACGGTAATGGAGTCTCATGTAA
TAAAAAAGGGIGCAGTGTTGATTGGGGAAAAGCTATTGGCATTATTGGAAATAA
TTCTGCTGCGAATTTAGCTACTGGTGGAGCAGCTGGTTGGAAAAGT (SEQ. ID. NO. 11);
the complement thereof; a fragment thereof capable of producing, following expression
thereof, a peptide having antimicrobial activity; or nucleotide sequences which hybridize under
strict hybridization conditions thereto. 
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the profìferation of pathogen¡c bacferia in the intestinal tract, is unceftain. However, as

concludecJ frôm fêcêni renarrÍs on hacteriocins âci¡ve âatâinst Grâm. neñâli\/ê hâ.têriâ

there may be renewed ¡nterest in these peptides and theÍr interaction with intestinal

pathogens. Many of the latter bacteriocins are produced by lactic acid bacteria normally

present ¡n the intestinal tract, viz. the Lactobacillus acidophilus-group, Lactobacillus

reuteri, Laötôbacillus casei, Lactobacillus fermentum, Lactobacillus plantarum,

Lactobacillus pentosus, Lactobacillus paracase¡ subsp- parácåsei and Enterococcus

faecalis.

The invention describes a str ain of Enterococcus nrundl/ lhal resists

intestinal stress conditions (e.9, low pH, bile salts, salts, pancreat¡c enzymes) and

produces a broad-spectrum antibacterial peptide (peptide ST4SA).

BRIEF DESiRIPTION OF THE INVENTION-

According to one aspect of the present invention there is prov¡ded an

isolated peptíde from the bacterium Enterococcus mundtii, said peptide having the

following amino acid sequence:

MSQWGG KYYGNGVSC N KKGCSVDWGKAI G I IGNN SAAN LATGGAAGWKS

(sEO. rD. No. l2);

a fragment thereof having antim¡crob¡al activity;

muteins and derivatives thereof having antimicrobìal activity;

covalently bound bridge constructs thereof having antimicrobial activity; or

sequences having more than about 95% homof ogy, preferably more than

85% homology, most preferably more than about 75% homology to saìd

amino ac¡d sequence, having antimicrobial activity,

According to another aspect ofthe present invention there ¡s provided an

isolated nucleotìde sequence wh¡ch codes for peptide ST4SA of the bacterium

E¡tte¡ococcus mundfii.

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 plasmid comprising a plasmid vector into which a
nucleotide sequence which codes for the antimicrobial peptide of the invention has been
inserted.              The cell may be a prokaryotic or a eukaryotic cell, such as a bacterial cell or
yeast cell. The nucleotide sequence 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.  4 peptide from the bacterium Enterococcus mundtii, the peptide having antimicrobial
activity.              The bacterium Enterococcus tnundtiiwhich produces the isolated peptide
identified above has been deposited with the ATCC under the assigned number PTA-7278.
The specific strain of the bacterium Enterococcus mundtil that produces the isolated peptide
identified above has been designated as strain ST4SA. Accordingly, the invention extends to
a substantially pure culture of Enterococcus mundtii strain ST4SA deposited with the ATCC
under the assigned 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 inorganic substances.              Another aspect of the invention relates to
a process for the production of a peptide of the invention which comprises cultivating
Enterococcus mundtii strain ST4SA in a nutrient medium under micro-aerophilic conditions at
a temperature of between 10C and 45C, until a recoverable quantity of said 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: 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 formulation
as a topical treatment for, for example, ear infections, such as mid-ear infections, and also
throat, eye, or skin infections. The liquid formulation may also be for use as a liquid
supplement to meals. The peptide may also further be used as an antimicrobial agent in a
spray for treatment of, for example, sinus infections, sinusitis, tonsillitis, throat infections or
rhinitis. The peptide may also be in the form of a lyophilized powder.  5 encapsulation in a
polymer. The invention extends, according to another aspect thereof, to a polymer having
incorporated therein an antimicrobial amount of peptide ST4SA. This polymer may then be
used in a formulation for topical treatment of infections such as, for example, skin infections,
or may be used for incorporation in implants or medical devices such as, for example, ear
grommets, catheters, ostomy tubes and pouches, stents, suture material, hygiene products
such as feminine hygiene products, contact lenses, contact lens solution, 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 isolated peptide may be included in a concentration of 100 000 AU/ml
(Arbitrary Units) to 300 000 AU/ml of polymer, preferably about 200 000 AU/ml 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. 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
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The ¡solated nucleotide seguence may comprise the following nucleotide

ATGTCA GAAGÏAGTAGGTGGAAAATACTA CGGTAATG GAGTCTCATGTAA

TAAAAAAGGGTGCAGTGTTGATTGGGGA/V\AGCTATTGGCATTATTGG AAATAA

TTCTGCTGCGAATTTAGCTACTGGTGGAGCAGCTGGTTGGAAAAGT (SEQ. I D.

NO. l1);

lhe complement thereof;

a fragment thereof capable of producing, following expression thereof, a

peptide having antimicrobial activity; or

nucleotide sequences which hybridize under strict hybridization conditions

thereto.

Strict hybridization condilions correspond to a wash of 2 x SSC, 0.1%

SDS, at 50'C.

The nucleotide sequence may be included in a vector, such as an

expression vector or transfer vector in the form of a plasmid. The vector may include

nucleic acid sequences encod¡ng selection attributes, such as antibiotic resistance

selection attribules, ôr ôther marker genes. Accordingly, the invention extends to a

recombinant plasmid adapted for transformation of a mìcrobial host cell, said plasmid

comprising a plasmid vector into which a nucleotide sequence whtch codes for the

antimicrobial peptide of the invention has been inserled.

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

or yeast cef l. The nucfeotide sequence may be incorporated transiently or constitutively

info the genome of the cell. Accordingly, the invention extends to a transformed

microbial cellwhich includes a recombinant plasrnid, said plasmid cotnprising a plasmid

vector into which a nucleotide sequence wh¡ch codes forthe antimicrobialpeptide of the

invention has been inserted.

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

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 100 000 to 300 000 AU/ml, preferably about 200 000 AU/ml.              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 use in a method of treating a bacterial infection in an animal or human, said
substance or composition comprising the Enterococcus mundtii strain of the invention, and
said method comprising administering a therapeutically effective amount of the substance or
composition to the animal or human.              The invention further provides 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 antimicrobial peptide of the invention, and said
method comprising administering a therapeutically effective amount of the substance or
composition to the animal or human.             The bacterial infection may be an infection
caused by any one or more of: Acinetobacter baumanii; Bacillus cereus; Clostridium
tyrobutyricutn; Enterobacter cloacae; Escherichia coli; Klebsiella pneumoniae; Listeria
innocua; Pseudomonas aruginosa; Staphylococcus aureus; Staphylococcus camosus;
Streptococcus caprinus; Streptococcus (Enterococcus) faecalis; or Streptococcus
pneumoniae.             According to a still further aspect of the invention there is provided a
method of inhibiting growth of bacterial species, the method including the step of exposing
bacterial species to an effective amount of the antimicrobial peptide of the  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; Listeria innocua; Pseudomonas aruginosa; Staphylococcus aureus;
Staphylococcus camosus; 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, preferably about 200 000 AU/ml.              According to one aspect of the
present invention there is provided an isolated transporter peptide from the bacterium
Enterococcus mundtii, said peptide having the amino acid sequence of SEQ. ID. NO. 14: a
fragment thereof; muteins and derivatives thereof; or sequences having more than about 90%
homology, preferably more than 80% homology, most preferably more than about 70%
homology to said amino acid sequence, having antimicrobial activity.              According to
another aspect of the present invention there is provided an isolated nucleotide sequence
which codes for ST4SA transporter peptide of the bacterium Enterococcus mundtii. The
isolated nucleotide sequence may comprise the nucleotide sequence of SEQ. ID. NO. 13; the
complement thereof; a fragment thereof; or nucleotide sequences which hybridize under strict
hybridization conditions thereto.  9 
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peptide from the bacter¡um Enterococcus mundt .the peptide having antimicrobial

¡¡Ìir¡ifr¡

The bacterium Enterococcus nlundt¡iwhich produces the isolated peptide

idenfified above hâs been deposited with the ATCC under the assìgned number PTA-

7278. The specific strain of the tiacter¡um Enterococcus mundt¡¡ thal produces the

ìsolated peptide identified above has been designated as stra¡n ST4SA, Accordingly,

the invention extends to a substãntiâlly pure culture of Enterococcus mundtii slrain

ST4SA deposited with the ATCC under the assigned number PTA-7278, said culture

capâble of produc¡ng peptide ST4 SA in a recoverable quåntity upon fermentât¡on in a

nutr¡ent medium containing assimilable sources of carbon, n¡hogen, and inorganic

substances.

Another aspect of the invention relates to a process for the production of a

peptide of the inveniion which comprises cultivating Enterococcus mundúri strain ST4SA

in a nutrient medium under m¡cro-aerophil¡c conditions at a temperature of beh¡veen

10"C and 45'C, until a recoverabie quantìty of said peptide is produced, and recovering

sa¡d peptide, Preferably the cultivation occurs at a temperature of about 37"C.

The nutrient med¡um 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 nutr¡ent medium is MRS broth at pH 6 to 6.5.

The isolated peptide of the invention may be used as an antimicrobial

âgent in a liquid fôrmulation or a gel formulation as a topical treatment for, for example,

eâr ¡nfectiorìs, such as mid-ear infections, and also throat, eye, or skin infections. The

liquid formulation may also be for use as a liquid supplement to meaìs. The peptide may

also fufiher be used as an antimicrobial agent ¡n a spray for treatment of, for example,

sinus infections, sinusitis, tonsillitis, throat infections or rhinitis. The peptide may also be

in the fornr of a lyophilized powder.

The isolated peptide may also be used as an antimicrobial agent following

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. The 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 invention extends, according to another aspect thereof, to a primer selected from the
group consisting of SEQ. ID. NO. 1 to SEQ. ID. NO. 10. Accordingly, the invention extends
also to a primer pair selected from the following group: primer pair comprising SEQ. ID. NO. 1
and SEQ. ID. NO. 2; primer pair comprising SEQ. ID. NO. 3 and SEQ. ID. NO. 4; primer pair
comprising SEQ. ID. NO. 5 and SEQ. ID. NO. 6; primer pair comprising SEQ. ID. NO. 7 and
SEQ. ID. NO. 8; and primer pair comprising SEQ. ID. NO. 9 and SEQ. ID. NO. 10.             The
invention extends also to the use of the primer pair of SEQ. ID. NO. 1 and SEQ. ID. NO. 2 in
the identification of Enterococcus mundtii. BRIEF DESCRIPTION OF THE DRAWINGS  10 to
the accompanying drawings and tables in which:        Figure 1 is an image of cell morphology
of Enterococcus mundtli strain ST4SA as observed by SEM (scanning electron microscopy);
Figure 2 is a photograph of an agarose gel showing a PCR product (DNA fragment) obtained
by using genus-specific primers. A genus-specific DNA band of 112 kb, specific for
Enterococcus, was obtained;        Figure 3 is a photograph of an agarose gel showing a PCR
product (DNA fragment) obtained by using species-specific primers. A species-specific DNA
band of 306 bp, specific for Enterococcus mundtii, was obtained;        Figure 4 is a graphic
representation of peptide ST4SA separated by gel filtration (AKTA-purifier);       Figure 5 is 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 blot showing the location of the structural gene on the chromosome
(genome) of strain ST4SA;       Figure 7 is a diagrammatic representation of the amino acid
sequence of E. mundtii peptide ST4SA;       Figure 8 is a DNA sequence of the peptide
ST4SA structural gene (A), transporter gene (B) and immunity gene (C);       Figures 9A and
9B show the influence of growth medium components on peptide S14 production; 
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encapsulation in a polymer. The invention extends, according to another aspect

+hercnf fn r nnlv¡nar h¡r¡in¡ in¡¡¡nnrâ{ô.4 {harâ¡h rn cn}imi¡rnhi¡l omn nl ^{ ñô^li^^rj i/vP.¡ u _

ST4SA. This polymer mây thën be used irr a formulation for topical treatment of

infections such as, for example, sk¡n infections, or mây be used for incorporation in

implants or med¡cal devices such as, for example, ear grommets, catheters, ostomy

tubes and pouches, stents, suture material, hygiene products such as fem¡n¡ne hygiene

products, contact lenses, contact lens solutíon, or for incorporation in wound dressings.

The encapsulation of the antimicrobial pept¡de in the polymer leads to a slow release of

the antimicrobial peptide and an extended period of treatment of a microbial infection.

The isolated pept¡de may be included in a concentration of 100 000 AU/ml

(Arbitrary Units) to 300 000 AU/ml of pofymer, preferably about 200 000 AU/ml of

polymer.

Thê peptide further måy lre 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 infect¡ons. The peptide may also further be

used as an ant¡microbral agent by being incorporated into liquid formulat¡ons such as,

forexample, contacl lens rinsing fluid, or it may be incorporated into the contact lenses

themselves. Accordingly, the invention provides, as another âspect thereof, an

antim¡crobial o¡ntment, Iotion, or cream containing an ântimicrobial peptide of the

invention.

ln another form of the inverrtion the peptide mây be used as an

ant¡microbial agent by being incorporated into packaging material such as, forexample,

plastic, for use in the manufacture of aseptic packagirrg.

in an even further form ofthe invention the peptide may be used as part of

a broad-specfrum probiotic of the bacieriufiì Enterococcus mundfli in a tablet form or in

a capsule form or it may be in an edible form such as, for example, a sweet or clìewing

gum.

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 treated 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 the growth inhibition of Streptococcus pneumoniae (pathogen 29);       Figure 17 is a
graph showing the growth inhibition of Klebsiella pneumoniae (pathogen 30);       Figure 18 is
a graph showing the growth inhibition of middle ear isolate (pathogen 40);       Figure 19 is a
graph showing the growth inhibition of middle ear isolate (pathogen BW);       Figure 20 is a
graph showing the growth inhibition of middle ear isolate (pathogen E);        Figure 22 is a
graph showing the growth inhibition of middle ear isolate (pathogen GW); Figure 23 is a graph
showing growth inhibition of middle ear isolate (pathogen HW),        Figure 24 is a graph
showing growth of strain ST4SA in the presence of Listeria innocua LMG 13568 and
production of peptide ST4SA. Symbols: -4- = growth of strain ST4SA in the presence of L.
innocua LMG 13568, -It- = growth inhibition of L. innocua [MG 13568; = changes in pH, n.
production of peptide ST4SA;        Figure 25 is a schematic presentation of a gastro-intestinal
model (GIM) developed for evaluation of probiotic strain ST4SA;        Figure 26 is a schematic
presentation showing blocking of the Lipid II target site with vancomycin and its affect on the
mode of action (antimicrobial activity) of peptide ST4SA. % Leakage refers to cytoplasmic
leakage, as recorded by increased DNA and 13-galactosidase activity levels.    Figure 27 is a
schematic representation of a disulfide bridge that was introduced into the peptide that
covalently linked amino acids 9 (cysteine) and 14 (cysteine); Figure 28 shows a
hydrophobicity plot of ST4SA;  12        Figure 29 shows the results of L. monocytogenes
challenge with ST4SA and survival in on in .vitro rzIT model; 
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According to a further aspect of the invention there is provided a probiotlc

¡nmnnei+inn in¡l¡ ¡dinn r lrinlnninallv nr rra nr rlf r rra r:nmnricinn : fhcranc¡ ttic¡lhr effcnf ir¡e

concentration of Enterococcus mltndti¡strain ST4SA, The slrain may be included in a

concentration of about 106 to 1 Os, preferably about 1 08 viable cells (cfu) per ml of

probiotic composit¡on.

ln one form of the invention the probiotic composition may be used to

reduce pathogen¡c bacteria in an anìmal or a human.

ln another form of the invention the probiotic compos¡tion may be used to

reduce pathogenic viruses in an animal or a human.

The probiotic corrposition may be in the form of a powder, a liquid, a gel,

a tablet, or may be incôrporâted into a foodstuff. The probiotic composition in a liquid

form may be used as a liqu¡d supplement to meals. The sirain may be included in a

côncentration of about 106 to 1 Oe, preferably about 1 08 viable cells (cfu) per ml of l¡quid

supplement.

The probiotic composition may be administered to an animal or human at

a final concentratìon of between 1 03 and 10s cfu/ml, preferably between 10s and

106 cfu/ml, most preferably about 3x 10s cfu/ml.

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

treating a bacterial infection condit¡on in an anitnal 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 comprising any one or more of:

â phân'rìaceutically effective amount of the Ënúe¡ococcus mundtiistrain of

the ¡nvention; and

a pharmaceut¡cally effective amount of the antimicrobial peptide of the

invention.

Accordingly, the invention extends also to use of a therapeuticalty effective

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 Ileum (D) Strain ST4SA fed Ileum (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;. 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 experimental groups of rats to which
strain ST4, strain 423 and water controls had been administered; and        Figure 36 shows
Listeria 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 reactions); Table 2 shows differential characteristics of strain
ST4SA; Table 3 shows the effect of enzymes, temperature, pH and detergents on peptide
ST4SA; Table 4 shows an activity spectrum of peptide ST4SA; Table 5 shows activity of
peptide ST4SA on paper disks;       Table 6 shows the comparison of the activity of peptide
ST4SA to commonly used antibiotics; Table 7 shows adhesion of peptide ST4SA to
pathogens;       Table 8 shows extracellular DNA recorded after treatment of pathogens with
peptide ST4SA;       Table 9 shows 6-galactosidase activity recorded after the treatment of
pathogens with peptide ST4SA;  13 Table 10 shows operation of the G1M (computerized);
Table 11 shows SUIVIVInf strain ST4SA and production of peptide sT4A in the GIM - Listeria
monocytogenes was used as target organism (pathogen). The values are an average of three
trials. The nutrients used were NAN Pelargon (Nestle) and 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-sulfamethoxazole (TMV-SMX) and IVIetronidazole; Table 14 shows virulence
factors that were assayed;        Table 15 shows the adhesion of strain ST4SA to Caco-2 cell
lines by plate counting (control);    Table 16 shows competitive exclusion of strain ST4SA and
L. monocytogenes; Table 17 shows weight figures for rats administered strain ST4SA,
Lactovita or unsupplemented water;        Table 18 shows p-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; 
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âmount of the Enterococcus mundtii strain of the invention in the manufacture of a

nredicamentfor use in a rnethod of trealing a bacle!'¡al infection in an anima! or human.

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,

preferably about 200 000 AU/ml,

The invention extends also tô 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 ireating a bacterial infectìon in an animal or human.

The invent¡on further provides a substance or composition for use in a

method of treating a bacterial infection rn an animal or human, said substance or

composition comprising the Enterococcus mundtii strain of the invent¡on, and said

method comprising administerirrg a therapeut¡cally effective amount of the substance or

composition to the animal or human.

The invention further provides 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 antimicrobial peptíde of the invention, and said method

comprising administering a therapeutically effective arnount of the substance or

composit¡on to the animal oT human.

The bacterial infection may be an infection câused by any one ôr more of'

Acinetobacter baumanii; Bacillus cereus; Clostridium tyrobutyr¡cutn; Enterobacter

ëloacae; Escher¡ch¡a coli; Klebsiella pneumoniae; Listeria innocua; Pseudomonas

aruginosa; Staphylococcus aureus; Staphylococcus camosus; Sfrepfococcus caprinus;

Streptococcu s (Enterococcu s) faecalis; or Streptococcu s pneumoniae.

According to a still fuñher aspect of the invention there ìs prov¡ded a

method of inhibiting g rowth of bacterial species, the method including the step of

expos¡ng bacterial species to an effective amount of the antimicrobial peptide of the

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
ST4SA activity optimization; Table 23 shows high and 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
determination of CSL and YE concentrations; Table 27 shows the uptake of carbon during
fermentation;  14       Table 28 shows the results of resistance testing of E. mundtii ST4
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 OF THE INVENTION              The invention describes a strain of the
bacterium Enterococcus 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 Enterococcus mundtii which produces the peptide ST4SA has
been deposited with the ATCC (American Type Culture Collection) and the assigned number
is PTA-7278, Activity has been observed against a large number of Gram-positive and
Gram-negative bacteria, most of these isolated from middle-ear infections and the intestine.
Examples of bacteria inhibited are as follows: Acinetobacterbaumanii, Bacillus cereus,
Clostridium tyrobutyricum, Enterobacter cloacae, Eschetichia coil, Klebsiella pneumonia,
Listeria innocua, Pseudomonas aruginosa, Staphylococcus aureus, Staphylococcus camosus,
Streptococcus captinus, Streptococcus (Enterococcus) 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 spectrum of activity, specifically
against such a variety of human pathogens.              A number of broad-spectrum antibacterial
peptides with activity against Gram-negative bacteria have been described, e.g. pentocin 35d
produced by Lactobacillus nentosus, bacteriocin 81151 BR produced by Lactobacillus
pentosus ST151BR, a bacteriocin produced by Lactobacillus paracasei subsp. paracasei,
thermophylin produced by Streptococcus termophylus, peptide AS-48 produced by
Enterococcus faecalis, a bacteriocin produced by Lactococcus lactis KCA2386 and enterocin
CRL35 produced by Enterococcus faecium. However, the activity spectrum of these peptides
are much narrower than that recorded for peptide ST4SA, as may be  15 seen from the
species sensitive to peptide ST4SA listed above. The broad spectrum of activity, especially
against pathogenic bacteria, renders peptide ST4SA ideal for the control of bacterial
infections, especially middle-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 Acinetobacter baumanii, Eschetichia coli, Klebsiella pneumonia,
Pseudomonas aruginosa, Staphylococcus aureus, Staphylococcus camosus, Streptococcus
pneumonia, and a number of unidentified Gram-positive and Gram-negative bacteria.
Materials and Methods Isolation of strain ST4SA and identification to species level
Soy 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/I Natamycin (Delvocid(r), Gist-brocades, By., Delft, The
Netherlands) to prevent fungal growth. The plates were incubated at 30C and 37C 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(r) (50 mg/I). The plates were incubated at
30C and 37C for 48 h, in an anaerobic flask (Oxoid, New Hampshire, England) in the
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invention. The bacterial species may be sefected from the group including:

A¡inalnhnolør hatt¡n¡nii Re¡í1l < narctt< (|lnctridùtm tvrahtúvríattm

Enterobacter ÇloaÇae; Escherichia coli: Klebsiella pneumon¡ae: Listeria innocua;

Pseudomonas arug¡nosa; Staphylococcus aureus; Staphylococcus carnôsus;

Súrepfococcus capr¡nus; Strèptococcu s (Ente rococcu s) faecalis; and Sfrepfococcus

pneumoniae.

The method may include the step of exposing bacterial species to the

aniimicrobial peptide of the invention at a concentration of 100 000 to 300 000 AU/ml,

preferably about 200 000 AU/ml.

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

isolated transporter peptide from the bacterium Enterococcus mundti¡, said peptide

having the amino acid sequence of SEQ. lD- NO. 14:

a fragment thereof;

muteins and derivatives thereof; or

sequences having more than about 90% homology, preferably more than

80% homology, most preferably moTe than about 70% homology to säid

amino acid sequence, having antimicrobial activity.

According to another aspect ofthe present invention there is prov¡ded an

isolated nucleotide sequence whibh codes for ST4SA transporter peptide of the

bacterium Enterococcus mundtii. Ihe isolated nucleotide sequence may comprise the

nucleotide sequence of SEQ. lD. NO. 13;

the complement thereof;

a fragment f hereof; or

nucleotide sequences which hybrìdize Lrnder strict hybridization conditions

thêreto

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

isolated immunity peptide from the bacterium Enterococcus mundtii,said peptide having

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 fragment (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 primer AACGAGCGCAACCC; SEQ. ID. NO. 2: Reverse primer:
GACGGGCGGTGTGTAC             Sequencing of the DNA fragment revealed 98% homology
with conserved 168 rDNA fragments in GenBank. Expression of antimicrobial activity
Antimicrobial activity was expressed as arbitrary units (AU) per ml cell-free supernatant. One
AU is defined as the reciprocal of the highest dilution showing a clear zone of growth inhibition
and is calculated as follows: ab X 100, where "a" represents the dilution factor and "b" the last
dilution that produces an inhibition zone of at least 2 mm in diameter. Activity is expressed per
ml by multiplication with 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 supernatants adjusted to pH 6.0 with 6M NaOH. One ml of each supernatant was
treated with catalase (Boehringer Mannheim) at 0.1 mg/m1 (final concentration), Proteinase K
(Roche, Indianopolis, IN, USA), pronase, Papain, pepsin and trypsin (Boeh ringer Mannheim
GmbH, Germany), at 1 mg/ml and 0.1 mg/ml (final concentration), respectively. After
incubation the enzymes were heat-inactivated (3 min at 100C) and tested for antimicrobial
activity, as described before. The results are listed in Table 3.  19 samples were then tested
for antimicrobial activity, as described before. Table 3 Treatment Peptide ST4SA - - Enzymes:
a-amylase 
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the amino acid sequence of SEQ. lD. NO. '16:

a frenmenl lharenf'

muteìns and der¡vatives thereof; or

sequences having more than about 90% homofogy, preferably more than

80% homology, most preferably more than about 70% homology to sa¡d

amino acid sequence, hâv¡ng antimicrobial activity.

According to another aspect ofthe present invention there is provided an

isolated nucleotide sequence which codes for ST4SA im munity/ádhesion pept¡de of the

bacterium Enterococcus mundtii. fhe isolated nucleotide sequence may comprise the

nucleotide sequence of SEQ. lD. NO. 15;

the complement thereof;

a fragment thereof; or

nucleotide sequences which hybridize under strict hybrldization conditions

thereto.

The irrvention extends, according to anÕther a$pect thereof, to a primer

selected from the group cônsisting of SEQ, lD. NO. l toSEQ. ID. NO. '10. Accordingly,

the ¡nvention extends also to a primer pair selecied from the following group:

primer pair compr¡s¡ng SEQ. lD. NO. 1 and SEQ. lD, NO, 2;

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

primer pair comprising SEQ. lD. NO. 5 and SEQ. lD. NO, 6;

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

prirner pair comprising SEQ. lD. NO. 9 and SEO. lD. NO. 10,

The invention extends âlso to the use of thepr¡merpairof SEQ lD. NO, 1

and SEQ. lD. NO. 2 in the identification of Enterococcus mundti¡.

BRIEF ÞESCRIPTION OF THË DRAWINGS

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

same may be carried into effect, reference wjll now be made, by way of example only,

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 + 
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to the accompanying draw¡ngs and tables in whìch:

Fìgure 1 is an image of cell morphology of Enterococcus mundtiistrain ST4SA as

observed by SEM (scanning efectron nricroscopy);

Figure 2 is a photograph of an agarose gel showing a PCR product (DNA

fragment) obiained by using genus-specific primers. A genus-specific DNA band of

112 kb, specific for Enterococcus, wâs obtâ¡ned;

Figure 3 is a photograplr of an agarose gel showing a PCR product (DNA

fragment) obtained by using species-specific primers. A species-specifìc DNA band of

306 bp, specific for Enterococcus mundt¡¡, was obtained;

Fig u re 4 is a graphic representation of peptide ST4SA separated by gel filtration

(AKTA-purifier);

Figure 5 is a phoiograph of a SDS-polyacrylamide gel show¡ng the positìon of

peptide ST4SA;

Figure ôA is a photograph of an agarose gel showing the plasmid profile of Ë.

mundtii Sl4SA;

Figure 68 is a Southern blÕt showing the location of the structural gene on the

chromosome (genome) of strain Sì 4SA;

Figure 7 ¡s a d¡agrammatic representation of the amino acid sequence of E

rnundfli peptide ST4SA;

Figure I is a DNA sequence of the peptide ST4SA structural gene (A),

transporter gene (B) and immunity gene (C);

Figures 9A and 98 show the influence of growth medium components on peptidê

ST4 prod uction;

Figure 10 is a graphic presentation of the production of peptide ST4SA in MRS

broth;

Figure 11 ¡s a photogräph 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,

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 ST4SA 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
resuspended in one tenth volume 25 mM ammonium acetate (pH 6.5), desalted against
distilled water by using a 1000 Da cut-off dialysis membrane (Spectrum Inc., CA, USA) and
loaded on  20 a SepPak C18 column (Water Millipore, MA, USA). The column was washed
with 20% (v/v) iso-propanol in 25 mM ammonium acetate (pH 6.5) and the bacterlocin 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
6.5. The active fractions were further separated by gel filtration chromatography in a
Superdextm 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 254 nm and 280 nm,
respectively. Fractions containing the active peptide were collected, dried under vacuum and
stored at -20C. Activity tests were performed by using the agar spot method. Size
determination              Strain ST4SA was grown in MRS broth (Biolab) for 20h at 30C. The
cells were harvested by centrifugation (8 000 x g, 10 min, 4C) and peptide ST4SA precipitated
from the cell-free supernatants with 80% saturated ammonium sulphate. The precipitate was
resuspended in one tenth volume 25 mM ammonium acetate (pH 6.5), desalted against
distilled water by using a 1000 Da cut-off dialysis membrane (Spectrum Inc., CA, USA) and
separated by tricine-SOS-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 (106 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 ST4SA has cytotoxic properties, triplicate
wells of confluent monolayers of monkey kidney Vero cells were grown in tissue culture plates
for 48 h and then exposed to various concentrations of the antimicrobial peptide. After 48 h of
incubation, cell viability was tested by treating the cells with tetrazolium salt MIT  21
[3-(4,5-dimethylthiazol-2-gamma-2,5-diphenyl tetrazolium bromide] (Sigma). Production I a
blue' product (formazan), which forms after cleaving of MTT by succinote dehydrogenase was
recorded.              The 50% cytotoxicity level (CC50) was defined as the peptide concentration
(pg/m1) required to reduce cell viability by 50%. According to the CC60 results (cytotoxicity
level), no cytotoxicity was recorded, that is, the peptide has zero (0) CCso Plasmic' isolation
Total DNA was isolated. Plasmid DNA was isolated, after which the DNA was further purified
by CsCI density gradient centrifugation. The DNA was separated on an agarose gel (Figure
6). Lambda DNA digested with EcoR1 and Hind (Promega, Madison, USA) was used as
molecular weight marker. 
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on an agar plate;

trintt¡a '1Á ¡c â ñh^tñ^râñh ^f Qf¡ô^f^^^^^/ tc nnøttm¡níaa +ròâtô^ r^?i+h ñô^+¡¡^r ¡e q pr,ervvrup vqr pt'vù')tv't'v yrrq! F¡vv.ivú

ST4SA (409 600 AU/ml) and leakage of the cytoplasm is indicated by the arrows;

Figure 15 is a graph showing the growth inhibition of Streptococcus pneumon¡ae

(pathogen 27);

Figure l6 is a graph showing the growth inhibition of Streptococcus pneumoniae

(pathogen 29);

Figure 17 is a graph showing the gror,rrth inhìbition of Klebsiella pneumon¡âe

(pathogen 30);

Figure 18 ¡s a graph showing the growth inhibition of middle ear isolate

(pathogen 40);

F¡gure .19 is a graph show¡ng the growth inhibition of middle ear isolate

(pathogen BW);

Figure 20 is a graph showing the growth inh¡bit¡on of m¡ddle ear isolate

(pathogen E);

Figure 22 is a graph showing the growth inhibition of middle ear isolate

(pathogen GW);

Figure 23 is a graph showing growth inh¡bition of middle ear ¡solate (pathogen

HW);

Fìgure 24 is a graph showing growth of strain ST4SA in the presence of Llsferia

innocua LMG '13568 and production of peptide ST4SA. Symbols: -1-=growthof strain

ST4SA in the presence of L, innocua LMG 1 3568, -¡- = growth inhibition of L. innocua

LMG 13568; -r- = changes in pH, | = production of pepiide ST4SA;

Figure 25 is a schematic presentation of a gastro-ìnfestinal model (GlM) developed for

evaluation of probioiic strain ST4SA;

Figure 26 is a schemat¡c presentation showing blocking of the Lipid lltarget site

with vancomycin and its affect on the mode of action (antimicrobial actívity) of peptide

ST4SA. % Leakage refers to cytoplasmic leakage, as recorded by increased DNA and

B^gaf actosidase activity levels.

Figure 27 is a schematic representation of a disulfide bridge that was introduced

into the peptide that covalently linked amino acids I (cysteine) and 14 (cysteine);

Figure 28 shows a hydrophobicity plot of ST4SA;

Plasmid curing              Curing experiments were conducted. Cells of Ent inundtii ST4SA 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 colonies were checked for loss of antimicrobial
activity. Conjugative transfer experiments              Filter mating experiments were done. An
overnight grown culture (0.25 rnI) of Ent mundtii ST4SA and Ent. faecalis FA2-2 were added
to 4.5 ml MRS, mixed and filtered through a 0.45 pm pore-size sterile membrane filter (HAWP,
Millipore). The membrane was placed onto a MRS agar plate and incubated overnight  22 at
37C. The cells were washed from the filter into 1 ml MRS, serially diluted and plated onto
MRS agar plates containing 25 pg m11fusidic acid, 25 pg m1-1 rifarnpicin and 2000 AU mn
crude peptide ST4SA. The experiment was repeated with Ent. faecalis OGX1 as recipient. In
this case the selection was 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 and screened for plasmid content, as described before. A colony of
conjugated cells of Ent. faecalis OGX1 which contained pST4SA was cultured and the
cell-free supernatant was subjected to activity tests, as described before. Detection 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
gene (listed below) by PCR, were designed based on partial sequences published for other
antimicrobial peptides. Sequencing was performed with an ABI PrismTM BigDyeTm
Terminator Cycle Sequencing Ready Reaction kit on a ABI Prism TM 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: ARC
1-a: TGATGGATTTCAGTGGAAGT (forward) SEQ. ID. NO. 6: ABC 1-b:
ATCTCTICTCCGTTTAATCG (reverse) SEQ. ID. NO. 7: ABC2-a:
GTCATTGTTGTGGGGATTAT (forward) SEQ. ID. NO. 8: ABC2-b:
TCTAGATACGTATCAAGTCC (reverse) Immunity primers: SEQ. ID. NO. 9: Immun-a:
TTCCTGATGAACAAGAACTC (forward) SEQ. ID. NO. 10: lmmun-b:
GTCCCCACAACCAATAACTA (reverse)  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 L. 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, 6.0 and 6.5, respectively, with 6 M HCI or 6 M NaOH
and then autoclaved (Figure 9A). Each flask was inoculated with 2 A (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/ml, were determined every hour as
described hereinbefore. All experiments were done in triplicate. Effect of medium composition
on the production of peptide ST4SA             Strain ST4SA was grown in 10 ml MRS broth for
18 h at 30 C, the cells harvested by centrifugation (8000 x g, 10 min, 4 C), and the pellet
resuspended in 10 ml sterile peptone water. Four ml of this cell suspension was used to
inoculate 200 ml of the following media: (a) MRS broth (De Man, Rogosa and Sharpe),
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Figure 29 shows the resufts of L. monocytogenes challenge with ST4SA and

c' rn/i\/âl ¡ñ áñ îñ tlìlr^ êlT rnndol'

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

media;

Figure 31 shows hemolysin and eosin stâìned 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 ¡ndicates the time of Listeria infection;

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

expeiimental groups of rats to which strain ST4, strain 423 and water controls had been

administered; and

Figure 36 shows Llsferla 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 fermentatìon

reactions);

Table 2 shows diffèrential characteristics of strain ST4SA;

Table 3 shqwstheeffeciof enzymes, temperature, pH and detergentson peptide ST4SA;

Table 4 shows an activity spectrum of þeptide STaSA;

Table 5 shows âctivity of peptide ST4SA on paper disks;

Table 6 shows the comparison of the activity of peptide ST4SA to commonìy

used antibiotics;

Table 7 shows adhesion of peptide ST4SA to pathogens;

Table B shows extracellular DNA recorded afler treatment of pathogens with

peplide ST4SA,

Table I shows B-galactosidase activity recorded after the treatment of pathogens

w¡th peptide Sï4SA;

as sole carbon source; (e) MRS broth (De Man, Rogosa and Sharpe) with 2.0 - 50.0 g/I
K2HPO4 or 2.0 - 50.0 WI KH2PO4; and (f) MRS broth (De Man, Rogns,a and Sharpe)
supplemented with 0 - 50.0 g/I 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 to 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 identified as a strain of the genus Enterococcus, based on morphology, as shown
in Figure 1, non-motility, absence of pigment formation, and PCR with genus-specific primers
(Figure 2) and species-specific primers (Figure 3). Further identification 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 proteolytic
enzymes (Proteinase K, pepsin, pronase, papain and trypsin), Triton X-114 and after 20 min
at 121C, as can be seen in Table 3. The peptide remained active after treatment for 90 min at
100C and when treated with Tween 20, Tween 80, urea, EDTA and Triton X100 (Table 3). No
activity was lost after incubation at pH values ranging from 2.0 to 12.0 (Table 3).
Peptide ST4SA inhibited a large number of Gram-positive and Gram-negative bacteria as
shown in Table 4.  25 Table 4  Organism TempfC) Medium, incubation Peptide activity
Acinetobacter baumanii AB16 37 BHI, aerobic  Bacillus cereus LMG 1356937 BHI, aerobic
Clostridium tyrobutyricum LMG 1357130 RCM, anaerobic  Enterobacter cloacae26 37 BHI  
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Table 10 shows operat¡on of the GIM (computerized);

Table 1,¡ s hsr¡.re e!.r¡¡i\-,3! of strain ST4SA. and production of pept¡de ST4SA in the

GIM - Lrsfenþ monocytogenes was used as target organism (pathogen). The values are

an average of three tr¡als. The nutrients used we¡e NAN Pelargon (Nestlé) and MRS

(De Man Rogosa medium, Biolab), respectively.;

Table 12 shows antibiotic resistance of stra¡n ST4SA;

Table 13 shows growth of strain ST4SA in the presence of different

concentrations of Trimethoprim-sulfamethoxazote (TMP-SMX) and Metronidazole;

Table 14 shows virulence factors that were assayed;

Table 15 shows the adhesion of strain ST4SA to Caco-2 cell lines by plate

count¡ng (côntrol);

Table 16 shows competitive exclusion of strain ST4S,A and L. monocytogenes;

Table 17 shows weight figures for rats administered strain ST4SA, Lactovita or

unsupplemented water;

Tabfe 1B shows p-glucuronidase âctiv¡ty in faecâl samples of malê Wistar rats

dur¡ng 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 purifìcation of peptide ST4SA in tMRSf (MRS filtrate)

medium;

Table 20 shows results for pure CSL, molasses and CWp tested as g rowth

media for peptide ST4SA production;

Table 21 shows a full factorial design (FFD) with CSL and CWp as components

to determine which media had the most significant effect on peptide ST4SA production;

Table 22 shows the results of CSL supplemented with MRS components for

ST4SA activity optimization ;

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

f ablo^ 24 shows the 210-s FrFD design;

Table 25 shows an analysis of Variance Table for a 210'5 FrFD design;

Table 26 slìows a 22 FFD with 3 centre points for determination of CSL and YE

corìcentrat¡ons,

l at:le 27 shows the uptake of carbon during fermentation;

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 28 shows the resu lts of resistance testing of E. mundt¡¡ SI4 against

anlihi¡ti¡c cn¡l an+ì-inflamrn âl ^rr¡ dnr^c

Table 29 shows the effect of antibiotics and ant¡-¡nflammatory medicarnents on

adhesion of ST4SA to Caco-2 cells;

DETAILED DESCRIPTION OF THE INVENTION

The invention describes a strain of the bacterium Enterccoccus mundtii

that resists intestinal stress conditions (e.9, Iow pH, bile salts, salts, pancreatic

enzymes) and produces a broad-spectrum antibacterial peptide, namely peptide

ST4SA. The strain of Fnfero coccus mundti¡ which produces the pept¡de ST4SA hàs

been deposited with the ATCC (Amer¡can Type Culture Collect¡on) and the assigned

number is PTA-7278, Activity has been observed against a large number of Gram-

positive and Gram-negative bacteria, nrost of these isolated from middle-ear infections

and the ¡ntestine. Examples of bacteria inh¡bited are as follows: A cinetobacter baumanii,

Bacillus cereus, Clostridium tyrobutyricum, Enterobacter cloacae. Escherichia co:l¡,

Klebsiella pneumon¡ae, Listeria innocua, Pseudomonas aruginosa, Staphylococcus

aureus, Staphylococcus carnosus, Sfrepfococcus caprinus, Sfrepfococcus

(Enterococcus) faecalis, Streptococcus pneumoniae, and a number of clinical strains of

unidentified Gram-positive and Gram-negative bacter¡a isolated from infected middle-

earflurd samples. This is a large spectrum of activity, specifically against such a variety

of human pathogens,

A number of broad spectrum antibacter¡a¡ peptides with activity against

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

Lactobacillus pentos¿is, bacteriocin ST151 BR produced by Lactobacillus penfos¿is

ST151BR, a bacteriocin produced by Lactobacillus paracasei subsp. paracasel,

thermophylin produced l:y Streptococcus termophylus, peptide AS-48 produced by

Enterococcus faecalis, a bacteriocin produced by Lactococcus /acfls KCA2386 and

enterocin CRL35 producedby Enterococcus faecium. However, the activity spectrum of

these peptìdes are much narrower than that recorded for peptide ST4SA, as may be

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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seen from the species sens¡tive to peptide ST4SA listed above. The broad spectrum of
anlir¡ifir ocnaniallrr a¡oincr nathn¡cnic hanicrie rêñ.1ârê nôht;rlâ ÊT,4SÀ ir{aql lnr +har¡.t svs¡¡ ¡vr ¡/ùri iul,úi 'iú ¡ ç¡ ¡uur r tJúv¿iue

control of bacterial infections, especially m¡ddle-ear infections (sìnce the peptide is

âctive against a large variety of middle-ear pathogens), as well as pathogens involved in

secondary wound infect¡ons (the peptide inhibits the growth of a number of these

pathogens). Pathogens isolated from infected middle-ear fluid were Ac¡netobacter

bauman¡i, Escheichia cot¡. Ktebs¡elta pneumon¡ae, Pseudomonas aruginosa,

Staphylococcus aureus, Staphylococcus carnosus, Streptococcus pneumon¡ae, and a

number of unidentified Gram-positive and Gram-negative bacteria.

Materials and Methods

lsolation of strain ST4SA and identif¡cation to species level

Soy bean extract, obtained from soy beans that have been ìmmersed in

sterile distilled wateÍ for 4h, was serially diluted and plated onto MRS Agar (Biolab),

Biolab Diagnosttcs, Midrand, SA), supplemented with 50 mg/l Natamycin (Delvocid@,

Gist-brocades, 8.V., Delft, The Netherlands) to prevent fungaf growth. The plates were

incubafed at 30"C and 37"C for two days.

Colonies were at random selected from plates with betvveen 50 and 300

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

a second layer of MRS Agar, supplemented with Delvocid@ (50 nrg/l), The piates 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 Generation Kit (Oxoid). The colonies were covered

with a third layer (ca. '10 ml) semi-solid (1.0 % agar, Wv) BHI medium (Merck,

Darmstadt, Germany), supplemented with 1 ml act¡ve growing cells (ca. 1Oô cfu/ml) of

Lactobacîllus casei, Enterococcus faecalis, Staphylococcus aureus. Pseudo¡nonas

aeruginosa, Klebsielta pneumoniae, Streptoco,ccus pneunoniae and Sfaphy/ococcus

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

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!  



16

One of the colonies inhibited the largest variety of pathogens included in

+h^ +^^,r h^^^l /Tõhl^ /\ ôn,.1 rr,^õ .^ ;n^-,,1-+-À in+n Â¡fÞQ hrnlh /Þì¡lah\ {^lfñr¡rô.| hr/ ra-
Lr ,ú rer( Pt¡ ru¡ I , uu,Ù r.,

streak¡ng to obialn pure Çultures. The isolate was designated strain ST4SA.

Antimicrobial activity was confirmed by using the agar-spot test mefhod.

The cell morphology of strain ST4SA was studied by scanning electron

microscopy (SËM) (see Figure 1). Ten ml of an early-exponent¡al phase (ODoocnm = 0.2)

culture of strain ST4SA was harvested by centrifugation and washed five times with

sterile disfilled water (3 000 x g, 10 rnin, 4'C), The pellet was resuspended in 500 Ul

sterile MilliQ water (Waters, Millipore) änd then subjected to rnicroscopy.

Further identification was accompì¡shed by physiological (Table 2) and

biochemical characterist¡cs, Pigment formation was tested on Tryptic Soy Broth

(Merck). Test for motility was also done. Sugar fermentätion reactions (Ïable 1) were

recorded by using the API 50 CHL and API 20 Strep test strips (Biomérieux, Marcy-

ì'Etiole, France) and compared with react¡ons listed for enterococci.

Tabf e 1

-mannose

++
++
jlJ.

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 Figure 6A. 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) (Figure 6B). This proved that the structural gene encoding peptide
ST4SA is located on the genome. Furthermore, conjugation of these plasmids to E. faecalis
(not shown) did not convert the strain to a peptide ST4SA producer, confirming that the genes
encoding peptide ST4 production are located on the genome of strain ST4SA.  26             The
sequence of peptide ST4SA is indicated in Figure 7 and the sequence listing and 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.             The DNA sequences of the structural, transporter and immunity genes
are indicated in Figure Band the sequence listing, and are indexed as SEQ. ID. 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 ST4SA production is indicated in Figure 9A. From these results, it is
evident that peptide ST4SA is optimally produced in MRS broth at an initial pH of 6.0 and 6.5,
and is stimulated by the presence of 10 - 20 g/I K21-1PO4, 15.0-20.0 g/I fructose, or in the
presence of vitamins C, B1 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 rnundtii 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 ST4SA, or harbours genes
important in key metabolic reactions. 



Table 2

Charectêrist¡c

CO2 from glucose

Growth at 10"C

Growth at 45oC

Growth ìn 6.5% NaCl

G rowth in l8% NaCl

Growth at pH 4.4

Growth at pH 9.6

Lactic acid configuration

Further identificat¡on was by DNA banding patterns generated with

27              Further evidence that ST4SA is a strain of Enterococcus mundtii was obtained by
species-specific PCR (pc,,Iymerase 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.             The structural gene (encoding the
propeptide ST4SA), the transporter genes and the immunity gene have been sequenced and
their respective amino acid sequences translated from the DNA sequences (Figure 8).
The stability of peptide ST4SA, suspended in sterile distilled water, was tested at
temperatures ranging from -20C to 60C over 42 days (Figure 12). The peptide remained
stable at -20C for 42 days and for three weeks at 4C. Stability decreased after one week at
37C. Peptide ST4SA in powder form did, however, remain stable for 6 months at room
temperature (25C). Peptide ST4SA will be produced in powder form and marketed as such.
Once dissolved in sterile distilled water, peptide ST4SA may be kept for three weeks at 4C
(see Figure 12).             The activity of peptide ST4SA on paper disks is listed in Table 5.
Comparison of activity with antibiotics is listed in Table 6. Activity was tested against a
Pseudomonas sp. isolated from infected middle-ear fluid. Images of the inhibition zones are
shown in Figure 13.  28 Table 5. Activity of peptide ST4SA on paper disks. Peptide ST4SA
(AUM11) Freeze dried (Ar.ilint)409600 Paper disk (2 em A. 2 cm; 70 pl)286720 Paper disk
(0.6 cm diameter)20263 Table 6. Comparison of the activity of peptide ST4SA to commonly
used antibiotics. Diameter of inhibition zones (mm) Antibiotic Ampicillin Ogg)24 Bacitracin (10
units)10 Chloramphenicol (30pg)28 Erythromycin (15119)No zone Tetracycline (30pg)35
Peptide ST4SA25               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). 
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pr¡mers specific for Enterococcus (Figure 2) and Enterococcus mundtii (Figure 3), A

Ãn h^ nl\l^ {ra¡m¿ni /^'-õrôhôñ Þíno¡i¿n¡a I ltl I ;m¡tô.| llK\ r¡¡ce ¡'êô.{ âc .ìãrLarr rrqvrrrvr,r \, \,,tv,u,rq,,' vr\/ Yrsv

Primers u5ed to generate the 306 bp fragment (shown in Figute 3) were designed from

suitably conserved regions on 16S rDNA.

SEQ. lD. NO. '1 : Forward primer: AACGAGCGCAACCC;

SEQ. ID. NO 2: Reverse prìmer: GACGGGCGGTGTGTAC

Sequencing of the DNA fragment revealed 98% homology with conserved

165 rDNA fragments in GenBank.

Ëxpression of antimicrobial activity

Antimicrobial activitywas expressed as arbitrary units (AU) per ml ceflJree

supernatant, One AU is defined as the recìprocal of the highest dilution showing a clear

zone of g rowth inhibifion and ìs calculated as follows:

ab x 100, where "a" represents the dilution factor and 
;'b" the last dilution that produces

an inhibition zone of at least 2 mm in diameter. Aclivity is expressed per ml by

multiplication with 100. Lactobacillus casel LHS was used as indicator straÌn.

Characferization of the antimicrobial substance

Strain ST4SA was cultured in MRS broth (Biolab) fÒr 24 and 48 h at 30'C.

The cells were harvested (8 000 x 9, 4"C, 15 min) and the cell-free supernatants

adjusted to pH 6.0 with 6M NaOH. One ml of each supernatant was treated with

catalase (Boehringer Mannheim) at 0.1 mg/nrl (final concenttation), Proteinase K

(Roche, Indianopolis, lN, USA), pronase, 'papain, pepsin and trypsin (Eoehringer

Mannheim GmbH. Germany), at 1 mg/ml and 0.1 mg/ml (final concentration),

respectively. After incubation the enzymes were heat-inactivated (3 min at I 00"C) and

tested for antim¡crob¡âl âct¡vity, as described before" The results are listed in Table 3,

Aliquots of peptide ST4SAwere exposed to heattreatments of 30'C, 60'C

and 100"C for 10, 30 and 90 min, respectively, añd 121"C for 20 nrin (Table 3). The

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/ml  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 testing 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-galactosidase leakage was not recorded for all pathogens, due to the fact  



samples were then tested for

Table 3
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antimicrobial activity, as desc¡ibed before.

Treatment
Enzvmes:
o-amylase

Proteinase K
pepsin

ptl
2.0-120

Heat:
60, 100 oc for 10 min
60, 100 "C for 30 min
60, 100 "C for 90 min
121 aC for 20 min
Deterqents (1 %):

SDS
Tween 20, Tween 80

urea
Triton X-100
Triton X-114

EDTA:

I . .,- .,0,.1 mlV, 1.0 ml4,?.0-nM-'l_
Key: - = no activ¡ty; + = activity zones of at least Smm in diameter

ln a separate experiment, samples of peptide ST4SA were adjusted to pH

values ranging lrom 2-12, incubated at 37"C for 30 min, neutralised to pH 7, and then

tested for antimicrobial activity (Table 3).

lsolation and purification of peptideST4SA

A 24h-old culture of strain ST4SA was inoculated (2ok, v lv, ODooonm = 8. 0)

into MRS broth (Biolab). Incubation was at 37"C, wÌthout agitation, for 20h. The cells

were harvested (8 000 x g, 10 min, 4'C) and the peptide precipitated from the cell-free

supernatant w¡th 80% saturated ammonium sulphate. The precipitate was resuspended

in orre tenth volume 25 nrM ammonium acetate (pH 6.5), desalted against distilled water

by using a 1 000 Da culoff dialysis membrane (Spectrum lnc., CA, USA) and loaded on

30,
30,
30,

+
+

+

+

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 GW0.751 0.455 0.592 
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a SepPak C18 column (Water Millipore, l\44, USA). The column was washed with 20%
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40% iso-propanol in 25 mM ammonium acetate (pH 6.5). After drying under vacuum

(Speed-Vac; Savânt), the fractions were pooled and dissolved in 50 mM phosphate

bufler, pH 6.5. The acfive fract¡ons were further sepârâted by gel filkation

chromatography in a Superdext'75 column (Amersham Pharmacia B¡otech) linked to

an 
^Kf 

Apur¡f¡er (Amersham) (Figure 4). Elution of the peptìde from the column was

wÌth 50 rìM phosphate buffer and 400 mM NaCI, pH 6.5, Peptides were detected at

254 nm and 280 nm, re$pectively, . Fractions containing the âctive pept¡de were

collected, dried under vacuum and stored at -20oC. Activity tests were per-formed by

using the agar spot method.

Size determination

Strain ST4SA was grown in MRS broth (Biolab) for 20h at 30'C. The cells

were harvested by centrifugation (8 000 x g, 1 0 min, 4"C) and peptide ST4SA

precip¡tated from the cell-free supernatants with 80% saturated ammonium sulphate.

The precipitate was resuspended in one tenth volume 25 mM ammon¡um acetate (pH

6.5), desalted agâinst dist¡lled water by us¡ng a 1000 Da cut-off dialysis membrane

(Spectrum Inc., CA, USA) and separated by kicine-SDS-PAGE (Figure 5A). A low

molecular weight mar*er with sizes ranging from 2.35 to 46 kDa (Amersham

International, UK) was used. The gels were fixed and one half overlaid w¡th L. casei

LHS (106 cfu/ml), embedded ìn Brain Heart lnfusion (BHI) agar (Biolab), to deten¡ine

the position of the active bacteriocin (Figure 5B).

Cytotoxicity fesfs o/? peptÌde ST4SA

To dêtermine if peptide ST4SA has cytotoxic properties, tr¡plicate wells of

confluent monolayers of monkey kidney Vero cells were grown in tissue culture plates

for 48 h and then exposed to various concentrations of the antim¡crobial peptide. After

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

0.326 Control Enterococcus spp. HKLI-IS1.395  31 Table 9  Pathogen   p-galactosidase
recorded at C)D42o     Streptococcus pneumoniae 27 29 No leakage No leakage No leakage
Streptococcus pyogenes 20 
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[3-(4,5-dimethylthiazol-2gamma-2,5-diphenyl tetrazolium bromidel (Sigma) Production
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dehydrogenase was recorded,

The 50% cytotoxicity. level (CCs6) was defined as the peptide

concentration (pg/ml) required to reduce cell viability t:y 50o/o. According to the CCso

results (cytotoxìcity level), no cytotoxicity was recorded, that is, the peptide has zero (0)

uuso.

Plasmid isolation

Total DNAwas isolated. Plasmid DNAwas isolated, afterwhich the DNA

was furiher purified by CsCl density gradient centr¡fugat¡on. The DNA was separated

on an agarose gel (Figure 6). Lambda DNA digested with FcoRl and Hlndlll (Promega,

Madison, USA) was used as molecular we¡ght marker.

Ftasmn cunng

Curing experiments were conducted. Cells of Enf. mundtl ST4SA were

incubated in the presence of novobiocìn (1 - 25 pg ml-1 ¡for 72hat37"C. The culture

which grew at the highest concentratíon of novobiocin was serially diluled with sterile

saline and plated out onto MRS agar plates, After overnight incubation at 37"C, the

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

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

checked for loss of antimicrobial activity.

Conj ug ative tra n sfer ex pe ri ment s

Filter mating experiments were done. An overnight grown culture

(0.25m|) oÍ Ent. mundtii ST4SA and Ent. faecalis FA2-2 were added to 4.5 mf MRS,

mixed and filtered through a 0.45 pm pore-size ster¡le membrane filter (HAWP,

Millipore). The membrane was placed onto a MRS agar plate and ìncubated overnight

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 BI-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
Enterococcus mundtii ST4SA was evaluated in a computerized gastro-intestinal rnodel (GIM,
shown in Fig 25).             The first vessel in the GIM simulates the stomach, the second vessel
the duodenum, vessel number three the jejunum and ileum, and vessel four the colon. Flow of
the nutrients was regulated by dedicated 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 probe, linked to a control unit and 'computer. The flow rate of
nutrients through the GIM was adjusted according to an infant's intestinal tract. Conditions
simulating a short digestive tract were chosen to allow greater fluctuation and thus increased
stress onto the probiotic. Four infant formulas (Lactogen2, NAN Pelargon, ALL110 and Alfare)
were evaluated. Dosage with the probiotic bacterium (ST4SA) was according to prescription,
i.e. 108 viable cells (cfu) per ml. The probiotic cells were suspended in saliva. The
pancreatic-bile solution contained NaHCO3, pancreatin and oxgall, dissolved in distilled water.
The conditions used in the GIM 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 
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at 37'C. The celfs were washed from the filter into '1 ml MRS, serially diluted and plated
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AU ml-1 crude peptide ST4SA. The experiment was repeated with Enf, faecalis OGXI

as recip¡ent. ln this case the setection was done on plates containing 1 n-rg ml'1

streplomycín and 2000 AU m l-1 crude peptide ST4SA. Colonies were selected at

random and checked for production of peptide ST4SA and screened for plastnid

content, as described before, A colony of conjugated cells of Erlf. faecaüs OGXl which

contained pST4SA was cultured and the ce -free supernatant was subjected to activity

tests, as descrìbed before.

Detection of the genetic elements encoding peptide SI4SÁ and DNA sequencing.

Total DNA was isolated. The DNA primers used to amplify the siructural

gene, transpoñer gene and immunity gene (listed below) by PCR, were designed based

on partial sequences published for ofher ant¡microb¡al peptides. Sequencing was

performed with an ABI PrismrM BigDyerM Termìnator Cycle Sequencing Ready Reaction

kit on a ABI Prism'rM 377 DNA Sequencer (PE Applìed B¡osystem, Foster City, USA). A

database search was performed by using the BLASTN and BLASTX programs ofthe

National Center for Biotechnotogy lnformation (NCBI), Bethesda, MD 2089a, USA

Structural gene Primers:
SEQ. lD, NO. 3: SG-a: IGAGAGAAGGTTTAAGTTTTGAAGAA (forward)
SËQ. lD. NO. 4: SG-b: TCCACTGAAATCCATGAATGA (reverse)

ABC transporter primers:
SEQ. lD. NO. 5: ABCl-a. TGATGGATTTCAGTGGAAGT (foruard)
SEQ. lD. NO, 6: ABCI-b: ATCTCTTCTCCGTTTAATCG (reverse)

SEQ. lD. NO. 7: ABC2-a: GTCATTGTTGTGGGGATTAT (fon¡¿ard)

SËQ. lD. NO. B: ABC2-b: TCTAGATACGTATCAAGTCC (reverse)

lmmunity primers:
SEQ, lD. NO. 9: Immun-a: TTCCTGATGAACAAGAACTC (foruard)
SEQ. ID, NO. 10: Immun-b: GTCCCCACMCCAATAACTA (reverse)

4.9   64 - 108 4.5   108 - 128 4.1   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 
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Production of peptide ST4SA in ditferent growth med¡a and at different initial growth pH

An 18 h-old culture of stra¡n ST4SA was inoculated (2 o/o, vlv) into MRS

broth, BHlbroth and M17 broih (Merck, Darmstadt, Germany). respectively. lncubation

was at 30 "G and 37'C, respectively, without agitatìon, for 28 h. Sampfes were taken

every hour and examined for bactêdal growth (OD at 6O0nm), changes in culture pH,

and antìmicrobial activíty (AU/ml) against L. casei LHS. The agar-spot test method was

used as described before.

ln 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, 6.0 and 6.5, respectively, with 6 M HCI or6 M NâOH and then autoclaved

(Figure 9A). Each flask was inoculated with 2 o/o (v/v) of an 18 h-old culture of strain

ST4SA and incubated at 30 "C fôr 20 h without agitation, Changes in culture pH and

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

described hereinbefore. All experiments were done in tripficate.

Effect of medium composition on the production of peptide ST4SA

Strâin ST4SA was grown in 1 0 ml lV RS broth for 1 B h at 30 'C. the cells

harvested by centrifugation (8000 x g, 10 rnin, 4 'C), and the pellet resuspended in

l0 ml sterile peptone water. Four ml of this cell suspension was used to inoculate

200 ml of the following media: (a) MRS broth (De Man, Rogosa and Sharpe), without

organic nutrierrts, supplemented with tryptorre (20.0 g/l), meat extract (20.0 g/l), yeast

extract (20.0 g/l), tryptone (1 2.5 g/l) plus meat extract (7.5 g/l), tryptone (12 5 g/l) plus

yeâst exfract (7.5 g/t), meat extract (10.0 g/l) plus yeast extract (10.0 g/l), or a

combinatron of tryptone (10.0 gil), meat extract (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,

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

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/ml in MRS broth
Bacteriocin activity 
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as sote carbon source; (e) MRS broth (De Man. Rogosa and Sharpe) with 2.0 - 50.0 g/l

l1 tJ rrl'\ ^- ô 
^ 
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supplemented w¡th O - 50.0 g/l glycerol. ln a separate experilnent, the vitamins

cyanocobalamin (Sìgma, St. Louis, Mo.), L-ascorbic ac¡d (BDH Chemicals Ltd, Poole,

UK), th¡amine (Signra), DL-6,8-thioctìc acid (Sigma) and Vitamin K1 (Fluka Chemie AG'

CH-9471Buchs, Sw¡tzerland)were filter-sterilised and added to MRS broth at 1.0 mg/ml

(final concentration), Incubation for all tests wâs at 30'C for 20 h. Activ¡ty levêls of

peptide ST4SA were determined as described before. All experiments were done ¡n

triplicate.

Strain ST4SA was ident¡f¡ed as a strain ofthe genus Enferococcus, based

on morphology, as shown in Figure 1, non-motility, absence of pigment formation, and

PCR with genus-specific pr¡mers (Figure 2) and species-specif ic primers (Figure 3).

Further identification to species level was by sugar fermentat¡on patterns as shown in

Table I and physiological characteristics as shown in Table 2 above

Peptide ST4SA was inactivated by treatment with proteolytic enzymes

(Prote¡nase K, peps¡n, pronase, papain and frypsin), Triton X-114 and after 20 m¡n at

121"C, as can be seen in Table 3. The peptide remained âctive 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 activ¡ty was losi after incubation af pH values ranging from 2 0 to

12.0 (Tabfe 3).

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

negative bacteria as shown in Table 4.

(>25 600 AU/m1) Inoculum 1.6 x 10 1.2 x 107  6.0 x 10 + Stomach   3.7 x 107 + Duodenu m
2.5 x 106  1 0 x 10 + Jejenum 1.0 x 107- + 1.3 x 1073 1 0 x 106 + Ileum 5.0 x 10- + 



Table 4

37
30
37

37
37
37

30
37
42

37
30
30
30
30

37

BHI
BHI
MRS, anaerob¡c
MRS, anaerobic
MRS, anaerobic

¡ MRS, anaerobìc
MRS, anaerobìc
MRS, anaerobic
l\4RS, anaerobic
MRS, anaêrob¡c
tu4RS, anaerobic
MRS, anaerobic
BHl, aerobic
MRS ánaerobic
GYP, anaerobic
GYP, anaerob¡c
BHI, aerobic
BHI
BHl, aerobic
BHI, aerobic
BHl. aerobic
MRS, anae-robic

Peptide ST4SA was pur¡fied by gel filtration shown in Figure 4 and ¡s 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.

Sfain ST4SA has two plasmids as shown in Figure 64. Curing the strain

of these plasmids did not result in loss of antimicrobial act¡vity. Probing of the

chrornosonre and pìasm¡d DNA with a DNA fragment encoding the structural gene

showed clear hybridization with the chromosome (genome) (Flgure 68), This proved

that the structural gene encod¡ng peptide ST4SA is located on the genome.

Furthermore, conjugation of these plasmids Ío E. faecalis (not shown) did not convert

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

ST4 production are located on the genome of strain ST4SA.

Stapht4ococcus aureus 6, 13, 33-38
I Staphylococcus calnosrs LMG 13567

I Streplococcus capã¡¿ls TS1, TS2

I Slreptococcus pneumoft¡ae 3, 4,27.29
I Sfreptqq.pqcus lh SlqgplllllJJlc 135tà5

+  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 +++  Streptomycin  Vancomycin++  Penicillin
+++  
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The sequence of peptide ST4SA is indicated in Figure 7 and the sequence

t:^¡:-^ ^^-.1 :^ i^r^..^¡ ^^ êEa\ lñ Nlal a O {^r +h^ ñ',.^^êÂo n{ +hic ¡ñ\rê^li^h Tharrùtrrrg dr ¡r./ ¡ù ¡rluç^cu øò vL$¡, ¡ur L¡rÙ |,uryt/uv

sequence of the transporter and immun¡ty pept¡des are indexed as SEQ. lD. NOs 14

and 16, respectively, for the purposes of this invention.

The DNA sequences of the structural, transporter and immunity genes are

indicated in Figure I and the sequence listing, and are indexed as SEQ ID. NOs 11, 13

and 15. respectively, for the purposes of this specifìcat¡on.

Production of peptide ST4SA in different g rowth med¡a is indicafed in

Figures 9A and 98. The ìnfluence of initial growth pH on peptide ST4SA production is

indicated in Figure 94. From these results, it is evident that peptide ST4SA is optimalfy

produced in MRS broth at an initial pH of 6.0 and 6.5, and is stimulated by the presence

of '1 0 - 20 g/l Kzl-lPO¿, 15.0'20.0 g/l fructose, or in the presence ôf v¡tamins C, Br and

DL-6,Blhioctic 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 ¡ndicated ìn

Figure 1 1 , and is indexed as SEQ. lD. NO. 15 for the purposes of this specification.

Ente t ococc u s rnund¿ll ST4SA produces a broad-spectrum antimicrobial

peptide (pepiide ST4SA) with activity against a number of pâthogens. The structural

gene encoding the leader peptìde and propepi¡de (collectively known as the prepeptide)

is located on the genome of strain ST4SA (see Figure 68). 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 renderìng ¡mmun¡ty to peptide ST4SA, or harbours genes

important in key metabolic reactions.

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 both experiments 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 8 x 104 TMP-SMX 80/400 1.8 x 102I- Metronidazole 50 1.3 x 104
Metronidazole 100 6 x 10 Metronidazole 200 3 x 104  36 results, strain ST4SA is resistant to
sulphonamides, cloxacillin, metronidazole, methicillin, neomycin, nystatin, oxacillin and
streptomycin (Table 13).               Children with HIV/AIDS are treated with
Trimethoprim-sulfamethoxazole (TMP-SMX) and/or Metronidazole 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). 



27

Further evidence that ST4SA is a strain of Et¡terococcus mundtii was

obtained b'r- species-specific PCR (polyn'rerase chain reaction) r",,ith prirners Cesigned

from conserved regìons on 165 rDNA using:

SEO, lD. NO 16: Foruârd prirner: AACGAGCGCAACCC;

SEQ. f D. NO. 17 Reverse primer: GACGGGCGGTGTGTAC.

A 306 base-paìr fragment was amplified (shown ¡n F¡gure 3). Sequencing

of the DNA fragment yielded 98% homology with conserved 165 rDNA fragments in

GenBank.

The structural gene (encoding the propeptide ST4SA), the transpofter

genes and the ¡mmun¡ty gene have been sequenced and their respective amino acid

sequences translated from the DNA sequences (Figure 8).

The stability of peptide ST4SA, suspended in sterile distilled water, was

tested at temperatures ranging frorn -20"C to 60"C over 42 days (Figure '12). The

pept¡de remained stable at -20"C for 42 days and for three weeks at 4'C. Stability

decreased after one week at 37'G, Peptide ST4SA in powder form did, however,

rema¡n stablê for 6 months at room temperälúre (25'C). Peptide ST4SA will be

produced in powder form and marketed as such. Once dissolved in sterile distilled

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

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

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

Pseudomonas sp. isolated f¡om infecied middle-ear fluid. lmages of the inhibítion

zones are shown in Figure 13.

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 ST4SA 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 resistance (VanANanB); production of gelatinase
(Gel); aggregation substance (AS); adhesin of collagen from enterococci (Ace), enterococcus
surface protein (Esp); haemolysin/bacteriocin (Cyl) and non-cytolysin beta hemolysin genes.
The DNA of strain ST4SA amplified with the latter primers indicated that the strain does not
have the genes encoding vancomycin resistance, gelatinase activity, an aggregation
substance, and collagen adhesion. Based on present results, strain ST4SA is not pathogenic
and should not cause allergic reactions when ingested.              As peptide ST4SA has a
broad spectrum of antmicrobial activity, acting against a number of Gram-positive and Gram
negative bacteria, the mode of action of peptide ST4SA appears to be different from other
antimicrobial peptides thus far described for lactic acid bacteria. In addition, the site of
recognition on the cell walls of sensitive cells may differ from the usual Lipid II anchor site
used by other peptides of which the Applicant is aware (Figure 26).  37             To test this
hypothesis, the Lipid II target site of Lactobacillus sakei DSM 20017 (sensitive to peptide
ST4SA) was blocke.Nd with vancomycin (see schematic presentation, Figure 26).
Vancomycin adheres to the amino acid side chain of the Lipid II molecule, which would,
theoretically, prevent peptide ST4SA from binding to the same site (that is if Lipid II 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 II 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 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 treatment of L. sakei DSM 20017 with vancomycin
prevented the binding of Nisin to the Lipid II 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 flexible than the rest of the structure and may act as a hinge
area, which would allow the C-terminal half 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 29 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:  38
KYYGNGVSCNKKGCSVDVVGKAIGIIGNNS. C3             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 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: KAIGI1GNNSAANLATGGAAGWKS
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



Table 5. Activity of peptide
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ST4SA on paper disks

Fr¿ez¿ dríed (tl(.i/ni )

l>aper disk (2 cnr si 2 cm; 700 pl)

Paper disk (0.6 cm diameter)
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antibiot¡cs

-- - ,lmpi"iltn ¡10þ
Bãcitrecin (10 units)

24

10

28

No zone

¿5

Chloramphenicol (30Ug)

Erythrornycin (15F9)

Tetracycline (30p9)

Peptide ST4SA

Binding of peptide ST4SA to target cells is importantto ensure penetration

of the peptide. The ability of pept¡de ST4SA to adhere to pathogens was studied ând

the results were exprêssed as a percentage binding to the pathogens (Table 7)

Conclucled from these rësults, at least 75% of peptide ST4SA binds to the pathogens

tested. Adhesion of peptide ST4SA to the target cell leads tô penetration and disruption

of the cell merìbrane (Figure 14).

Table 7. Adhesion of peptide ST4SA to paihogens,

- %-einoinq of pept¡de ST4SA to the târgêt cell (pathogen)

?epJ'dC sl4sA-ql q 4q0 A,r/ml -] Pept¡dè SJ4SA at 204 800 {U/ml -Pathosen 0 so _, 75 88- 94 1.00 I _0-q0- z9 -- B8 ..-.-91-.. ....-100

Streptococcus Pneumon¡ae 
I

I27+l
zg++
D

Streptococcus PYogenes

+

+
+

20+
21 +

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 hydrolases.             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 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 study, strain
ST4SA was screened for virulence traits, bile salt hydrolase (BSH) activity, and the ability to
adhere to the human enterocyte-like cell line Caco-2, competitive exclusion while adhering to
the Caco-2 cell line, and in the in vitro gastrointestinal (GIT) model In addition, cell surface
hydrophobicity of ST4SA was determined. Virulence factors             The presence of virulence
factors, viz. vancomycin resistance (VanANanBNanClNanC2NanC3), 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 vitro tests and/or PCR screening. DNA was extracted from E. mundlii S14
according to standard methods. The primers designed for amplification of the latter genes
were as described. The results are shown in Table 14.  41  Van - Van B Van C1/21 3 Gel Efa-
Afrn Efa-  At... tI I u) act Ace - 
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Psëudoñonas auringinosa

E

Klebsiella pnèumoniae

Middle ear isolates

(unknown)

'13

4D

BW

c\/
DW

F

J

GW

K

L

M

+

+

+

Further evidence of cell membrane damage and leakage of cellular

constituents was obtained by testing for extracellular DNA and extracellular B-

galactosidase activity. The results are shown ¡n Tables B ând 9, respectively, The

results indicate thât DNA and P-galactosidase leaked from cells damaged by peptide

ST4SA. p-galactosidase leakage was nÕt recorded for all pathogens, due to the fact

17

I

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 III Production of Aggregation Substance (AS)             Production
of AS was studied in a clumping assay in the presence of a sex pheromone. Sex pheromone
was obtained by growing the pheromone producer, Enterococcus faecalis JH2-2, in MRS
broth at 37C for 18 h. The supernatant of a pheromone producer, E. faecalis 0G1X, was used
in dumping 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 
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that not all species have high intracellular levels of this enzyme.

Table B. Extracellular DNA recorded after treatment of pathogens with peptide
ST4SA.

O.D, readings at 260 nm

Streptococcus pneu moniae

,',
tô
D

Streptococcus pyogenes

20

Pseudomonas auringinosa

E

Staphylococcus aureus

36

Klebsiella pneumoniae

30

Middle ea¡ ¡soletês
(unknown)

40
BW
DW
F
HW
GW
K
L
M

1 '160

0.930

0 892

0.801
1 .186
1.153
1.428
a ÃÃo

0.751

0.592
0.326

1"""""'
I 

unl" *.lr spp. HKLHS

I

I

I

l

I

l

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. No production of I3-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
endocarditis antigen, forming of cell aggregates, adherence to collagen, and/or production of
a surface protein. Genes encoding I3-hemolysin activity and non-cytolysin beta hemolysin Ill
were detected. However, the latter two genes are not expressed (no haemolytic activity was
observed on blood agar plates - see below) Determination of bile-salt hydrolytic (BSH) activity
Strain ST4SA was tested for BSH activity by spotting 100 of an overnight culture on MRS agar
plates supplemented with 0.5% (w/v) sodium salt of taurodeoxycholic acid (TCDA) and 0.37
g/L CaC12. Plates were incubated in anaerobic jars for 72h at 37C. 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 to 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 E. mundtii ST4SA was washed
twice with quarter-strength Ringer's solution (QSRS) and the OD580,,,," 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 30 min., after which 1ml of the
water-  43 phase was removed and the OD580nn, determined. The OD580,"" of duplicate
assessments was averaged 'and used to calculate hydrophobicity: % Hydrophobicity = [(
OD580,,m readingl 01D580,,,,, reading 2)/ OD580,,,, reading111x 100.             From the
results shown in Figure 28 figure it is evident that strain ST4SA did not show signs of
hydrophobicity. Accordingly, the cells do not stick permanently to surfaces in the Gil. The cells
move freely (as planctonic cells) in the gut, which enhances the usefulness thereof as a good
probiotic. Adhesion of E. mundtii ST4SA and Listeria monocytogenes to Caco-2 cell lines
Caco-2 cells (Highveld Biological Sciences) were seeded at a concentration of 5 x 105 cells
per well to obtain confluence. Adherence 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. monocytogenes) to the
wells. After incubation at 37C 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 ST4SA and Listeria monocytogenes was determined by inoculating 100 fil of each
strain to the cell monolayer. After a 2h incubation period the cells were lysed and plated out
on Enterococcus and Listeria specific medium, respectively.             Caco-2 cell monolayers
were prepared on glass coverslips in 12-well tissue culture plates. A suspension of ST4SA
cells was added to the wells. After a 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.  44 Table 16 
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Streptococcus pneumon
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D

Streptococcus pyogenes
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No leakage

No ìeakage

No leakage

I

I

No leakage __J

Staphylococcus aurêus 
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Cfuirni Experiment 1 !noon'um of ST4 1 x 10* Adhesion of S14 !nom'lum of L. Monocyto
genes Adhesion of L. monocyto genes   8 x 103' lxlO5 4 x 10 Experiment 2 1 x 10 1 x 104 3 x
'104 3 x 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 challenged with ST4SA and survival in an in
vitro gastro-intestinal (Gl7) model             The antimicrobial activity of ST4SA against L.
tnonocytogenes in an in vitro gastro-intestinal model was determined. ST4SA was inoculated
in the stomach vessel as described hereinbefore. L. monocytogenes (1 x 104) was inoculated
in the duodenum vessel of the CIT. Samples were taken from each vessel and plated out on
Enterococcus and Listeria specific medium, respectively. As control, only L. monocyto genes
was inoculated in the GIT model.  45             The L. monocyto genes challenge with ST4SA in
the in vitro GIT model revealed that ST4 had an antimicrobial effect on L. monocytogenes
(see graphs on next page). Growth was reduced from 8 x 104 to 2 x 104 in the jejunum vessel
and L. monocytogenes was 1 x 101 cfu/ml lower in the ileum vessel When compared with the
control, as shown in Figure 29. 
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Middle ear isolâtes (unknown)

40

DW

0 370

0.293

0.31B

0.235

0.373

No leakage

No leakage

GW

No leakage

No leakage

Cell lysis of different pathogens after treatment with peptide ST4SA are

shown in Figures 15 to 23. A Q.Zo/o (vlv) inoculum of an overnight pathogen was

inoculated inio BHI 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 âgainst most pathogens.

Production of peptide ST4SA was studied in the presence oÍ Lisleria

innocua (Figure 24). Based on these results, L. in¡tocua stimulated strain ST4SA to

produce peptide ST4SA, during whlch L. innocua was inh¡bited.

Enterococcus mundtii ST4SA as a probiotic

BW

HW

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 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 controlled
atmosphere (temperature 20C  3'C). The animals were fed a standard diet, as well as
autoclaved, reverse osmosis water either supplemented with probiotic or unsupplemented ad
lib. Bacterial 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
centrifugation and washed in 20 mM phosphate buffer (pH 7.5). Washed cells were
re-suspended in 100 mM sucrose, frozen in liquid nitrogen and lyophilized overnight The
cfu/ml value was determined by suspending a given mass of cells in 1 ml of phosphate buffer
and spread plating dilutions on MRS solid media, Strain ST4SA was added to drinking water
at a concentration of approximately 2 x 108 cfu/ml.             Three capsules containing a
probiotic commercially available under the trade name Lactovita were opened and added to
each bottle of drinking water. This resulted in approximately 3 x 105 cfu/ml being
administered.  46 Experimental Design              Two separate studies were conducted. In
each study 10 rats were randomly divided into two groups of five each. One group acted as 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
9.89 x 1011 cfu of strain ST4 or 3.1 x 109 cfu of Lactovita over the study period. The rats were
monitored daily for any abnormal activities, behaviours and general 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 = active moving or searching. Live weights and volume of
water consumed 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 Lactovita Increase (a) 144 (7.22) 150.60 (9.34) 69.19 (1.05) 255.2
(21.88) 56.04 (2.59) 246 (44.42) 57.21 (5.60) Increase (%) 
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The survival of Enterococcus mundtii ST4SA was evaluated in a

^^mFl' ìlôr¡7Ã^ ^â.{r^ iñtôct¡hôl mnÀal ¡/fìlft¡t chnr¡¡n in trin îÃ\
vqùUv¡'l(Uü¡lllullllvuUl\vllvllÙllv,r¡'ltll¡y¿U/.

The first vessel in the GlfVl simulates the stomach, the second vessel the

duodenum, vessel number three the jejunum and ileum, and vessel four the colon.

Flow of the nutrients was regulated by dedicated software. The pH in the different

sections of the GIM was regulated by the peristaìtic addition of sterile 1N l{Cl or 1N

NaOH, Each section was fitted with a highly sens¡tive pH probe, l¡nked to a control unit

and bompuier. ïhe flow rate of nulrients through the GIM was âdjusted according to an

infant's intestinal tract. Conditions simulating a short digestive tract were chosen to

allow greater fluctuation and thus ¡ncreased stress onto the probÌotic. Four infant

formulas (Lactogen2, NAN Pelargon, ALLI l0 and Alfare) were evaluated. Dosage w¡th

the probiotic bacterium (ST4SA) was accord¡ng to prescript¡on, i,e. '1OB vìable cells (cfu)

per ml. The probiotic cells were suspended in saliva. The pancreatic-bile solution

contaíned NaHCO:, pancreatin and oxgall, dissolved in distifled waler. The conditions

used ¡n the GIM were as summarized in Tables 10 and 1'l .

Table l0

Time
{min.)

pH Growth medium Pancreatic-bile
solution

a4 Nutrients pumped into stomach vessel.
Dosaqe with stra¡n ST4SA (108 cfu/ml)

À )l,11 t.)

lncubation in stomach

44-64 4.9
64 - 108 4.5
108 - 128
128 - 154 3.7
154 - 156 Pancreatic-bile

solution pumped
into the cluoclenum

154 - 158 Stomach contents pumped to
duodenum

158 - 274 6,5 Incubation in duodenum
274 - 28A Duodenum contents pumped to ieiunum
280 - 394 6.5 lncubation in ieiunum
394 * 401 Je¡unum contents þumÞed to ¡leunì
401 - s20 6.0 lncubation in ileum

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 DTT, 1 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 treated faecal suspension with 900 pl of reaction buffer (extraction buffer
containing lrritvl o-nitrophenyl glucuronide) and incubating at 37C for 2 hours. The reaction
was stopped by adding 2.5 ml 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 trans location, toxicological study and histology             After feeding
with test strains for the specified 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 each 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 37C overnight. Immune modulation             Total RNA was extracted from the frozen ileum
and colon samples using Trizol reagent. The concentration of RNA was determined by
measuring the absorbance at 260 nm using a Nanodrop spectrophotometer, after DNase
treatment had been completed. Each RNA sample was diluted to a concentration of 42 ng/pl.
A total of 5 pg of each sample was transferred in triplicate onto a nylon membrane using a slot
blot apparatus. The membrane was then probed with either a tumour necrosis factor (INF),
interferon y (1FN) or 6-actin DNA probe amplified from rat genomic DNA and labeled with
DIG. The membrane was exposed to X-ray film overnight and developed.  48 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 illness or death occurred.
p-Glucuronidase Activity             Bacterial enzymes, including p-glucuronidase, are known to
be involved in generating mutagens, carcinogens and tumour promoters 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 ST4SA and
a Lactovita suspension exhibited no p-glucuronidase activity in vitro (data not shown).
However, rats given a Lactovita suspension showed an increase in p-glucuronidase activity in
faecal samples compared to control rats (Table 18A). Control animals also showed a
decrease in activity at day 107 of the study compared to activity at day 56, experimental
animals showed slightly increase values at day 107 compared to day 56. Rats given a ST4
supplement showed higher p-glucuronidase activity compared to control groups (Table 18B),
however, this activity was still lower at the end of the study compared 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.  49 Table 18 Table 18A  Day 56 



Table 1l

GIM

sect¡on

Cfu"/ml in NAN

Pelargon

Bacteriocin lCfuiml in I Bacteriocinttactivity 
I 

MRS broth 
I 
activity

(> 25 600 I ] 
(> 25 600

Aub/mr) lnulml)
lnoculum 1.6 x 10"

4.r; ¡o,

+ 6.0 x 10'

-37 
i i'o-l ìStomach +

+

;

Duodenu

m
2.5 x 1ô6

+

Jejen um

lleum--

1.0 x 1 1.3 x 10"

iaii1oB
+

;5.0 x 107 +

"Cfu = colony froming units (i.e. nurnber of viable cells)
bAU * arbitrary units (thus reflecting antimicrobial activity)

Survival of strain ST4SA against a pathogen was tested by infecting the

GIM wifh Listeia monocytogenes. The survival of strain ST4SA and its ability to

produce the antimicrobíal peptide ST4SA in the Gf M was monitored (results shown in

Table 12).

Table 12

.Cd. Sulphonamidçs
Cloxacillin

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) 



It¡etion¡oãzole
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- = no zones (resistance to antibiotic); + = inhibition zone, d¡ameter 1 to 1 1 mm; ++

= 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 sulived in all sections of the intestinal tract. Ant¡microbial peptide product¡on

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

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

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

Table 13),

Table l3

Resistance of strain ST4SA to various antibiotics has been tested

according to standard procedures (antibiotic discs, Oxoid). Concluded from these

1.8 x 1

1 3x 1

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 abdominal fat were less in the control group
compared to the experimental group. In animals given Lactovita the MLN were less
pronounced and the spleen smaller compared to the control 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
are also involved in immune function and may enlarge as a result of inflammation or infection.
This enlargement is an indication that they are performing their function as expected.
Therefore strain 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 that Lactovita does not induce an immune reaction. However, the MLN
and spleen of the control rats were enlarged and no symptoms of disease were observed in
the absence of any immune stimulant.  50              Northern hybridization studies did not
indicate any cy-tokine (INF or I FN) expression in either the experimental ST4SA group or
control group. Positive signals were detected of relatively the same intensity when RNA was
probed with a p-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 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.             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 p-hemolysin activity and non-cytolysin beta hemolysin III 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 Gil (ileum and colon).
As shown above, the data indicate that E. mundtii strain ST4SA moves freely through the GU
and prevents the adhesion of Listeria to Caco-2 cells, while also successfully competing
against Listeria from binding to receptors on human cells. Strain ST4SA had an antimicrobial
effect on L. monocyto genes in gastro-intestinal model (GIM) studies. Strain ST4SA 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 P-glucuronidase activity; strain ST4SA therefore stimulates the immune response
in rats. Rats given Lactovita supplements showed a smaller spleen and less pronounced MLN
compared to the control rats, which suggest that Lactovita does not induce an immune
reaction.  



.JO

results, strain ST4SA is resistant to sulphonamides, cloxacillln, metronidazole,

^..^4^r:'. ^.,^^ifli^ ^^l ^¡.^h+^ñr,^i^ /-F-hla l2\
I ll\'tl,lulllll I, llEUillyclll, llysLaL'rlr ar'u rt'ÙPturrryv¡rr \ | úsru rrl'

Children with HIV/AIDS are treated with Trimethoprim-sulfamethoxazole

(TMP-SMX) and/or Metronidazole to prevent diarrhea. NAN Palargon was

supplemented with diíferent concentrations of the latter antìbiotics and the effect on

strain ST4SA determined after 18h at optimal growth ternperature (37'C)'

As may be concluded from the results presented in Ïable 4' TMP-SMX

and Metronidazole decreased the cell numbers of strain ST4SA w¡th four log cycles

However, increased concentrations had no drastìc effect on viability.

The incidence of virulence factors in ST4SA

To develop strain ST4SA as a probiotic, it is important io know if there are

any virulence factors associated therewith. Primers have been designed for the genes

encoding the following virulence factors: Vancomycin resistance (VanAA/anB);

productjon of gelatinase (Gel); aggregation substance (AS); adhesin of collagen from

enterococci (Ace), enterococcus surface protein (Esp); haemolysin/bacteriocìn (Cyl) and

non-cytofysin beta hemolysin genes. The DNA of strain ST4SA amplified with the latter

primers indicated that the strain does not have the genes encoding vancomycin

resistance, gelatinase activity, an aggregation substance, and collagen adhesion,

Based on present resufts, stra¡n ST4SA is not pathogenic and should not cause allergic

reactions when ingested.

As peptide ST4SA has a broad spectrunr of antmicrobial activity, acting

against a number of Gram-posiiive and Gram negât¡ve bacteria, the mode of action of

peptide ST4SA appears to be different from other antimìcrobial peptides thus far

described for lactic acid bacteria- ln addition, the sìte of recogn¡tion on the cell walls of

sensitive cells may differ from the usual Lipid ll anchor site used by other peptjdes of

which the Applicant is aware (Figure 26).

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 with nitrocellulose 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 "C, without agitation, for 29 h. Peptide ST4SA activity was determined two-hourly.
Purification of peptide ST4SA             One liter of MRSf was inoculated with Enterococcus
mundtii ST4SA (0Deoonm = 1.8) and incubated at 30 C for 24 h. The cells were harvested by
centrifugation (8 000 x g, 4C, 15 min) and the cell-free supernatant incubated at 80 C for 10
min. Ammonium sulfate was gently added to the cell-free supernatant at 4 C to a saturation
level of 60%. After 4 h of slow stirring, the precipitate was collected by centrifugation (20 000 x
g, 1 h, 4 C). The pellet was resuspended in one-tenth volume 25 mM ammonium acetate (pH
6.5) and desalted against sterile MilliQ water using a 1.0 kDa cut-off Spectra/Por dialysis
membrane (Spectrum Inc., CA, USA). Further separation was by cation exchange
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.  52 Table 19             Active
fractions collected from the AKTApurifier corresponded to the ST4SA peak and produced a
42-amino acid peptide, the expected size of peptide ST4SA. lso electric focusing of peptide
ST4SA             Iso-electric focusing of peptide ST4SA was done by using the 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 and resuspended in 50 ml sterile distilled water with ampholytes (pH-range 3 to 10,
Bio-Rad), according to instructions of the manufacturer. A constant current of 12W was
applied for 5 h at 8C. After separation, a small volume from each of the collected fractions
was adjusted to pH 7.0 with 3 N NaOH or 3 N HCI and tested for antimicrobial activity against
Lactobacillus 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 -20C.             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  53  are regularly used as part of growth
media. CSL is a by-product formed during the milling of corn. It is mainly a nitrogen source,
but also contains sugars (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 salts. Molasses is a by-product containing mainly
sucrose with traces of other minerals. Culture and media              Strain ST4SA was cultured
in MRS broth (Biolab) and inoculated (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 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 CSL at 10, 20 and 50 g.1-1 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. CSL, on
the other hand, produced a supernatant with activity of up to 3200 AU.m14 at a minimum
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To test this hypothesis, the Lipid lltarget site of Lactobacillus saker DSM

20017 (sensitive to peptide ST4SA) v;as blccl<ed '"^,'ith vancomycin (see schematic

presentâtion, Figure 26), Vancomycin adheres to the amino acid side chain of the Lipid

ll molecule, which would, theoreticalfy, prevent peptide ST4SA from b¡nding to the same

site (that is if Lipid Il acts as receptor). TÍeatment of target cells (L, sakel DSM 20017)

with a comb¡nation of vancomycin and peptide ST4SA, however, resulted ìn growth

inhibition (leakage of cytoplasm; see Figure 26), suggesting that target sites ofherthan

Lipid ll are acting as receptors for peptide ST4SA. The facf that peptide ST4SA binds

to more than one anchoring site on the sensitive cell may explain why it has such a

broad spectrum of anfjmicrobial activ¡ty (inhíbítory to Gram-positìve and Gram-negative

bacteria). TheApplicant is aware of the fact that Nisin (a lantitriotic) binds to Lipid ll, as

shown in Figure 26 in which treatment of L. sakei DSM 20017 with vancomycin

prevented the bindÌng of Nisin to the Lipid ll target site.

Peptide ST4SA has two hydrophobic regions (F¡gure 27) which can

intercalate wiih phosp holipid-rich cell membranes afler it has formed a reaction wiih the

receptor site on the cell wall. The area between the tvvo hydrophobic regions, more

specifically between amino acid 29 (serine) and amino acid 30 (alanine) (Figure 27) is

more flexible than the rest of the stÍucture and may act as a hinge area, wh¡ch would

allow the C-terminal half of the peptide to bend and incorporate ¡tself ¡nto the

phosph otipid-rich cell membrane. To test this hypothesis, the tlvo sect¡ons 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 (front

lys¡ne to serine), just before the hinge area (viz. between the serine at position 29 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 fufl length peptide sequence:

g 14 PH AU ni1-1    InitialEnd  1 MRS (Control)  6.50 4.65 12800   10 6.50 4.38 1600 3 CST,
20 6.50 4.41 3200 



KYYGNGVSCNKKGCSVDWGKAIGI IGNNS.

The disulfide bridge served to stabiìize the structure ôf the peptide.

Fragment 1 contained ihe first hydrophobic region, ind¡cated by the encircled region (six

amino ac¡ds from pos¡tiôn 21 lto 26, viz, AIGIIG). This part of the molecuie recognizes

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

Fragment 2 compr¡sed the last 13 C{erminal amino acids in the second

hydrophobìc loop downstream of the hinge area, plus the preced¡ng 11 amino acids just

before the hinge area (between serine and alanine):

Fragment 2: KAIGIìGN NSAANLATGGAAGWKS

Treatment of sensitive cells with these two fragments of peptide SÏ4SA

indrcated 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 ST45A to polyethylene (PE)

Binding of peptide ST4SA to polyethylene (PE) was tesfed- PE film was

cut into sections of 5 x 5 cm and soaked for I h in a solution of 60% isopropanol and

peptide ST4SA (activity level: 102 400 AU/ml), The PE sections were air-dried (20 min

at 60"C) and assayed for antimicrobial activity by using the standard agar diffusion

method. The plates, seeded with L. sakel DSM 20017, were incubated for 24 lr at 30'C

and examined for zones of growth inh¡bition.

Peptide ST4SA adsorbed to PE within 60 seconds to produce a film with

high antimicrobial activity (large inhibition zones surrounding the PE section). The

strength of brnding was determined by soaking the peptide-coated PE film in SDS-

buffer, followed by electro-eluting peptìde ST4SA from the film with a current of 30 mA

4  50 6.50 4.56 3200 5  10 6.50 4.82 0 6 Molasses 20 6.50 5.01 0 7  50 6.50 4.97 0   



39

for 2h (room temperature, i.e. ca. 25'C). Samples were taken at regular time intervals

¡n¡l r¡n{*¡l {^¿ ô^+iñ¡^r^r\iÕl ^^+i,,;+L/ Dr^t^i^ 
^^^^ôhlratinnc 

,¡¡ar¿ ¡ìa+armina¡l hr¡ ¡ rcinn

the Bradford method, Electro-eluted film was tested for ânf¡mícrob¡al activity by using

the agar diffusion rrethod as before.

Peptide ST4SA adhered strongly, and it would seem irreversibly, to the PE

film. Release of peptide ST4SA from the surface of PE was only possible after t h with

a current of 30m4. ln a challenge study with red meat as model, surface (PE)-bound

pepiide ST4SA prevented the growth of pathogen¡c bacteria (Listeria, Bacillus and

Staphylococcus). This suggests that peptide ST4SA is usable in wound dressings to

prevent or reduce microbial ¡nfectlons 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, contacl lenses, contact lens r¡ns¡ng solut¡ons. The encapsulation of the

antlmicrob¡af peptide in the polymer leads to a slow release of the antimicrobial peptide

and an extended period of treatment of a microbial infection. Fuñhermore, strong

adherence of peptide ST4SA to PE shows fhat it acts as a slow-Telease antimicrob¡al

agent.

Peptide ST4SA bìnds to more than one receptor site on a microbial cell

and is typicâl 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 second part (downstream of the hinge area) has a bigger hydrophobic region and

intercalates into the cell membrane and distorts the permeability, Ieading to cell death

(visualized by DNA and enzyme leakage). Peptide ST4SA binds to PE in a stable and

slow-release fashion and is suited for incorporation intÕ wound dressings.

Development of Enterococcus mundtii ST4SA into a probiotic

The survival o'f Ettterococcus mundtii ST4SA was evaluated in a

computerized gastro-intestinal model as shown. This phase comprised further r'n vlf¡n

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

g TS    8  10 6.27 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 as to whether there was any interaction
between the nutrients.  
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cells were studied ¡n vÍro with human cell lines. /n vivo studies were performed in rats.

The human ìntestinal cell lines used in the study were from the human

colon adenocarcinoma and included Caco-2 cell lines, HT-29 and HT29-MÏX (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 funciional brush order and apical intesiinal

hydrolases.

Adherence of strain ST4SA to host cells is influenced by cell sudace

carbohydrates, the Efa A protein, the Ace (adhesin of collagen from enterococcì)

protein and aggrêgation substance (AS), related to pathogenicity. AS is an adhesin

which mediates the formatìon of cell cìumps that allows the highly efficient transfer of

the sex pheromone plasm id on which AS is encoded,

In this study, skain ST4SA was screened for virulence traits, bile salt

hydrolase (BSH) activity, and the ability to adhere to the human enferocyte-like cell line

Caco-2,competitive exclusion while adhering to the Caco-2 cell line, and in the ¡n vlfro

gastrointestinal (GIT) model. ln addition, celì surface hydrophobicity of ST4SA was

determined.

Virulence factors

The presence of virulence factors, vlz. vatrcomycin resistance

(VanAÂ/anBÂ/anC1A/anC2A/anC3), 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 l:y in vitro tests and/or PCR screening. DNA was extracted from

E. mundtiisT4 according to standard methods. The primers designed for amplifìcation

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

Table l4

55 Table 21 , z r rD with uoi_ and C''Afp No.CSL CWp pH    InitialEnd AU ml -I 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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Key:

VanA^/anB: Vancomycin resistance

Gel: Gelatinase production

EfaAfm: E. faecíum endoca¡ditis antigen

EfaAfs: E faecalls endocarditié antigen

As; Aggregation substance

Ace: Adhesin to collagen from Ë. laecalrs

Cyl: Cytolysin (ß-hemolysin acfÌvity)

Esp: Enterococcus surface protein

Non-Cyi: non-ôWolysin beta hemolys¡n llf

Production of Aggregat¡on Subsfance (ASJ

Production of AS was studied in a clumping assay ¡n the presençe of a sex

pheromone. Sex pheromone was obtained by growing the plìeromone producer,

Enterccoccus faecalis JH2-2, in MRS broth at 37"C for 18 h. The supernatant of a

pheromone producer, E. faecalis OG1X, was used in clumping assays in a microtiter

plate. Two-hundred mrcroliters were inoculated (0,5%, v/v) with strain ST4SA and

m¡croscopically examined for cell clumping after 2,4, B and 24h. No cell clumping was

observed

Prod uctiot'¡ of gelatinase

Production of gelatinase was tested on MRS agar contatning 30 g

gelatin/liter. A clearzone surrounding the colonies after 18 h at 37 'C was considered a

pos¡tive reaction. No production of gelatinase was detected.

12800 4-1 -1 6.480 5.090 12800 MRS  6.86 4.53 51200 CSL 5 g TS 1-1  631 5.04 12800 .
CSL log 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 glucose.11) was calculated using a standard
graph. Dionex determination of monomer sugars 
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Production of þhemolysin

Production of B-hemolysin was indicated by the formaiion of clear zones

surrounding the colonies on blood agar plates. Blood agar plates were prepared using

Columbia Blood Agar Base with 5% sheep blood. No production of P-hemolysÌn was

ôllserved.

It is evident that the Applicant hãs shown ihat straìlr ST4SA does nof 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 Illwere detected. However, the latter two genesare not expressed (no

haemolytic act¡vity was observed on blood âgar plates - see below)

Determination of bile-salt hydrolytic (BSH) activity

Strain ST4SA was tested for BSH activìty by spotting lOpLl of an overnight

culture on MRS agar plates supplemented with 0.5% (w/v) sodium salt of

taurodeoxycholic acid (TCDA) and 0.37 gil Caclz. Plates were incubâted in anaerobic

jars for 72h at 37 'C. The formation of precipitation zones were regarded BSH positive.

No bíle salt hydrolytic (BSH) actìvity was observed for sirain ST4SA BSH

activity may contribute to resistance of lactic acid bacteria to the toxicity of conjugated

bile salts in the duodenum. However, biie salt hydrolase activity and resistance to bile

salts are generally accepted as be¡ng unrelated.

Determ¡nation of cell sufface hydrophobicity

An overnight culture of E. mundfÍST4SA was washed tlvice with quarter-

strength Ringer's solution (QSRS) and the ODseon* determined. Equal volumes of

suspension and n-hexadecane was added together and mixed for 2 mìn The phases

were allowed to separate at room temperature for 30 min.. after which 1ml of the water-

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 Na0Ac 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 four-fold higher than recorded with 50 g.I4
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 recorded in pure CSL at a concentration of 10 g TS.I4. 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.I4 CSL and
CVVp, respectively (Table 22). A two-fold increase in activity was observed for 10 g TS.I4
CSL with supplements compared to pure CSL. In contrast, CSL at 40 g TS.I4 with
supplements yielded low activity. A high concentration of CSL inhibited growth (small
decrease in pH) and, subsequently, also peptide ST4SA production. This may be due to
inhibiting components in CSL. The same experiment was done with 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 mil    initialEnd  1  I () 6.52 5.47 25600 2 CSL 
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phase was removed and the ODs¿on' determined. The ODseon' of duplicate
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% Hydrophobicity = [( ODseon. readingl - ODo.on,n reading 2)/ OD56en' readingl l x 100.

From the results shown in Figure 28 f¡gure it is evident that strain ST4SA

did not show signs of hydrophobicity. Accordingly, the cells do not stick permanentlyto

surfaces in the GlT. The cells move freely (as plânctonic cells) in the gut, which

enhances the usefulness thereof as a good probiotic.

Adhesion of E. mundtií ST4SA and Listeria monocytogenes to Caco-Z cell lines

Caco-2 cells (Highveld Biological Sciences) were seeded at a

concentrat¡on of 5 x I 05 cells per well to obtain confluence. Adherence was examined

by adding '100 pl of bacterial suspension (1 x 1 05 cfu/ml of strain ST4SA and 1 x 103

cfu/ml of L. monocytogenes) to thewells. After incubation aT37"Cfor2h, 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 counis and the cell lysates.

Competitive exclusion of strain ST4SA and Lister¡a monocyfogenes was

determined by inoculating 100 ¡rì 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, respectrvely.

Caco'2 cell monolayers were prepäred on glass coverslips in '12-well

tissue culture plates. A suspension of ST4SA cells was added to the wells. After a 2h

adhesion period, the cell lines were washed twice with PBS, fixed with l0% formalin

and gram-stained- Adherent bacterìa were examined microscopically. The results are

shown in Table '15 and Table 16.

Table 15

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 23 and 24). It was also possible to
determine if there were any interactions between components. Results were analyzed with
ANOVA (Table 25). Table 23 
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Table l6

Adhesion lnoculum of L, Adhosion of L.

of ST4 of ST4 Monocytogenes monocytogenes

b x 10r' 4x1

3 x 10

From the results presented rn Tables 15 and 16 ¡t is clear that E. mundtii

ST4SA cells prevented the adhesion ol Lísteria to Caco-Z cells and that the cells

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

Strain ST4SA is thus able to out-compete Ltsferia.

L, monocytogen es challenged with ST4SA and suNival ¡n ân in viiro gastroJntest¡nal
(GlT) model

The antimicrobial activity of ST4SA against L. monocyÍogenes in an in

vitro gastro-intestinal model was determìned. ST4SA wâs inôculated in the stomach

vessel as described hereinbefore. L. monocytogenes 11 x 104) was inoculated in the

duodenum vessel oftheGlT. Samples were taken from each vessel andplatedouton

Enterococcus and Listeria specific mediurn, respectively. As control, otrly L,

monocytogenes was inoculated in the GIT model.

Adhesion

2i1o4

Experiment

Gfu/ml

Expe*r."t
1

Experiment

High and low concentrations of MRS components and CSL  Component MRS broth  g 1-1   g
1 -1 1 -1 A Special peptone 10 10 0 B Beef extract 5 5 0 C Yeast extract 5 5 0 
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The L. monocyfogenes challenge with ST4SA in the ¡n vifro GIT model
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page). Growth was reduced from B x 101 to 2 x 104 in the jejunum vessel and L.

monocytogenes wâs 1 x 101 cfu/ml lower in the ileum vessel when compared with the

control, as shown in Figure 29.

/n vlvo assessment of the safety, bacterial translacatioti, suNiva! and immune

modulation capacities of orally administered E. mundtii Sf4S,4: comparison to

LactovÌta.

Materials and Methods

Animals

Ten male Wistar rats weighing between 318 g and 335 g were housed in

groups of five in plastic cages w¡th l2-houÍ l¡ghUdark cycle. in a controlled atmosphere

(temperature 20'C 13"C). The animals were fed a standard diet, as well as

autoclaved, reverse osmosis water either supplemented with probiotic or

unsupplemented ad lib.

Bacterial slrains and probiotic

Strain ST4SA was cultured in IIIRS Broth at 30"C for 18 hours; the optical

density was adjusted to LB 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 sucrose, frozen in liquid nitrogen and lyophilized overnight, The cfu/ml value

was determined by suspending a given mass ôf cells in 1 ml of phosphate buffer and

spread plating dilutions on MRS solid media, Strain ST4SA was added to dritiking

water at a concentration of approximâtely 2 x 108 cfu/ml.

Three capsules containing a probiotic commercially available under the

trade name Lactovita were opened and added to each bottle of dr¡nking water. This

resulted in approximately 3 x 105 cfu/ml being administered.

1) CSL  6 3 E Potassium phosphate 2 2 0 F Tween80 1 1 0 G tri-Ammonium ciliate 2 2 0 H
MgSO4 0.1 0.1 0 J 
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Experimentaí Design

Two separate stud¡es were conducted. ln each study 10 rats were

randomly divided into two groups of five each. One g[oup acted as a control and

received unsupplemented wateri the second group received water supplemented with

either Lactovita capsules or fyophilized strain ST4SA. Each rat received a total of either

9.89 x 101i cfu of strain ST4 or 3.1 x 10s cfu of Lactovita over the study per¡od. The

rats were monltored daily for any abnormal activities, behaviours and general health

status including ruffled coat, hunched posture, unstable movement, tremors or shaking'

coughing or breathing diffìcultìes, colour of extremities. Activity was monitored using a

three-scale method: I = lazy, moving slowly; 2 = intermediate; 3 = active moving or

searching. Live weights and volume of water consumed were measured daily The

strain ST4SA study was conducted over 50 days ând the Lactovita study over 1 08 days

and the results are shown in Table 17.

Table 17

C ontrol ST4 C ontrôl Lactovita
n crease lo) 144 (7 150.60 (9.34 ) 255.2 (21 88) 246 (44.42\
ncrease (%) 69.46 11.10) 69 l9 (1.05) 56.04 (2 59) 57.21 (5.60\

B-G lucuronidase Activity

Rats were placed in single cages overnight at spec¡f¡ed sampling points

and the 24 h faecal samples were collected to determine bacterial counts and B-

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

at a concentiation of 100 rng faeces/ml buffer, Samples were stored at -20"C unlil

analysis. The faecal samples were pelleted 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 al22"C for 10 minutes. Samples were frozen overnight at -20" C

and thawed before determlning B-glucuronidase act¡v¡ty. B-Glucuronidase activity was

MnSO4 0.05 0.05 0 K Sodium acetate 5 5 0  Linear model in terms of coded values: Activity =
-1431.2*B + 956.2*C + 3831.2*D - 2781.3*E - 2243.8*G - 2006.2* K + 7668.8 [Equation 2] 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 sodium acetate (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. A B C D
EIF'ABCDG ABCE IIABDE 
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assayed by incubating 100 ¡rl of treated faecaì suspension with 900 ¡-tl of reaction buffer

(exiraction buííer ct-rrrLainirrg 'irrrivÍ p-rritiophefiyi g¡ijcijionide) and incubaiing at 37'C foi

2 hours. The reaction was stopped by adding 2.5 mt 1M Tris, pH 10.4. The

absorbance was determlned at 415 nm and a standard curve was constructed using

concentrations of 0.1,O.2,0.5, 1 and 10 mM p-nitrophenol.

Bacterial translocation, toxicological study and histology

Afterfeeding with test strains forthe specified time periods, animals were

euthan¡zed by pentobarbitone sodium overdose. Blood samples were obtained by

cardiac puncture of the right ventricle. The gross anatomy of the visceral organs of

each rat wãs checked and recorded. A sample of the liver, spleen, ileum, caecum and

colon tissues was excised. The tissue samples were coilected in cassettes and placed

in a 4o/o formaldehyde (PBS) solution and then embedded in paraffin wax for

histological analysis and FISH studies. Asection 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.

lmmune modulation

Total RNA was extracied from the frozen ileum and colon samples using

Trizol reagent. The concentration of RNA was determined by measu ring the

absorbance at 260 nm using a Nanodrop spectrophotometer, after DNase treatment

had been completed. Each RNA sample was diluted to a concentrat¡on of 42 ng/pl. A

total of 5 ¡.lg of each sample was transferred in triplicate onto a nylon tnembrane ustng a

slot blot apparatus. The membrane was then probed with eÌther a tumour necrosís

factor [NF), interferon y (lFN) or B-actin DNA probe amplified from rai genomic DNA

and labeled with DlG. The membrane was exposed to X-ray f¡lrn overnight and

developed.

J --, ACDE K ..,, BCDE 1  -1 -1 -1-I 1 1 1 1 1 2 1 -1 -1 -I-1 -1 -1 .1  1 3 -1 1 -1 
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Resu lts

General health sfâfus ând weight gain

Throughout the study per¡od there were no noticeable behavioural or

activ¡ty changes observed ¡n the rats and there were no observable differences between

experimental and control groups. No treatment-related ilìness or death occuTred.

þ-Glucuronidase Activity

Bacterial enzymes, including p-gìucuionidase, are known to be involved in

generâiing mutagens, carcinogens and tumour promoters from precurso¡s found in the

GIT and there presence may indicate tox¡c¡ty of bacterial strains and can therefore be

used as an indication of the safety of potential plobiotics. Both strain ST4SA and a

Lactovita suspension exhibited no p-glucuronidase activ¡ty irt vitro (data not shown).

However, rats given â Lactovita suspension showed an increase in B-glucuronidase

aciivity in faecal samples compared to control rats (Table 1BA). Control animals also

showed a decrease in activity at day 1O7 of the study compared to activity at day 56,

experimental animals showed slightly ìncrease values at day 107 compared to day 56.

Rats given å ST4 supplement showed higher p-glucuron¡dase activìty cotnpared to

control groups (Table 1 88), however, this activity was still lower at the end of the study

compared to the values on day 0 of the study. The conhol group also showed lower

activìty at the end oi the study compared to day 0.

-1-1 -1 -1 -I 1 -1 4 1 1 -1 -1-1 1 1 1  -I 5 -1 -1 1 -1-1 -1 -1 1  -1 
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Tabie 'i I

Table '1 8A

Table l8B
Dav 0 Dav 14 Dav 30 Dav 50

tï4 6.43 t0.52) 1.7A (O.45\ 5_25 r0.57) 5.14 (0.83)

lontrol 5.78 10.50) 2.40 (O.76\ 4.O2 (0.62\ 2.68 10.1 5l

Bacterial translocation, toxicological study and histology

No bacteraemia was detected ìn any of the groups of animals.

Macroscopic exam¡nation of the visceral organs indicated that the rats g¡ven stra¡n

ST4SA had significantly more pTonounced MLN compared to control rats. The MLN

were extremely diffìcult to identify in control rats. The spleen in the control group was

narrower and both muscle mass and abdominal fat were less in the control group

compared to the experimental group. ln anlmals g¡ven Lactovita the MLN were less

pronounced and the spleen smaller compared io the control group.

Lymphocytes enter the spleen and facilitate immune responses against

blood antigens. An enlarged spleen may indicate increase irì,rmune system activity.

This also correlates with pronounced MLN. MLN are also involved in imrnune function

and may enlarge as a result of inflammation or infection. This enlargement is an

indicaiion that they are per-forming their function as expected. Therefore strain ST4SA

may act as an ¡rïmune stimulant. Rats receiving Lactovita supplements showed a

smaller spleen and less pronounced MLN compared to the control rats. This indicates

that Lactovita does not induce an immune reaction, However, the MLN and spleen of

the control rats were enlarged and no symptorr.is of disease were observed in the

absence of any immune stimulant.

Immune modulation

6 1 -I 1 -1.1 1 1 -1 1 -1 7 -1. 1 1 -1-1 1 1 -I -I I 8 1 1 1 -1  
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expression in either the experimental ST4SA group or control group. Positive signals

were detected of relatively the same intensity when RNA was probed with a B-actin

DNA p¡obe indicating the presence of RNA.

Cytokines are secreted proteíns that mediate cell growth, inflammation,

immunity, differentiation and repair. They often only require femtomolar concentrat¡ons

to produce their required effects. Often they act in combination with cell surface

receptors to produce changes ìn the pattern of RNA and prote¡n 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.

The results presented herein indicate that neither of the probiotìcs tested

have any negative effecls on the general health status of mãle Wistar rats.

ln summary, strain ST4SA does not possess genes encoding vancomycin

resistance. Genes encoding p-hemolysin activity and non-cytolysin be{a hemolysin tll

were detected, butfhey remained silent (not expressed). Strain ST4SA has no bile salt

hydroly.tic (BSH) activity. This ¡nd ¡cates that the strain would perform better in the lower

sections of the GIT (ileum and colon). As shown above, the data ind icate that Ë.

mundtii strain ST4SA moves freely through the GIT and prevents the adhesion of

Lisfena to Caco-2 cells, while also successfully competing against Lrsfena from binding

to receptors on hur¡an cells. Strain ST4SA had an antimicrobial effect on L.

monocytogenes in gaitro-intestin al model (GllVl) studies. Skain ST4SA is nottoxic, as

shown with rat studies. No treatmenf relâted illness or death occuTred. Strain ST4SA

also peformed better than Lâctov¡la as such, with rats being given Lactovita showing

an increase in B-glucuronidase activity; strain ST4SA therefore stimulätes the immune

response in rats. Rats given Lactoviia supplements showed a smaller spleen and less

pronounced IVILN compared to the control rats, which suggest that Lactovlta does not

induce an immune reaction.

-1 1 1 1 9 4 -1  1  -1  I  -1 -1 10 1 -I -1  -1  -1 1 1 -1 
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As indicated above, peptide ST4SA inhibits the growth of a variety of

bacteria and maximal production of peptide ST4SA (51 200 AU/ml) was recorded after

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

An 18-h-old culture of strain ST4SA was inoculated (2o/0, vlv, ODooonu, =

2.0) into MRS broth (Biolab) and filtered MRS broth, respectively. MRS broth (Biolab)

was filtered through a Minitanlfr system (Millipore, BioSciences lnternational), equipped

with nitrocellulose membranes of 6000 - 8000 Dâ in pore size. The MRS filtrate

(MRSf), containing proteins smallerthan B 000 Da was then autoclaved and inoculated

as described before. lncubation in MRS broth and MRSf was at 30 "C and 37 "C,

without agitation, for 29 h, Peptide ST4SA activity was determined two-hourly.

Puification of peptide ST4SA

One liter of MRSf was inoculated with Enlerococcus mundfll ST4SA

(ODooon. = 1.8) and incubated at 30' C for 24 l'¡. The cells were harvested by

centr¡fugation (B 000 x g,4"C,15 min) and the cell-free supernatant incubated at B0' C

for 10 min. Ammonium sulfate was gently added to the cell-free supernatant at 4" C to

a saturation level of 60%. After 4 h of slow si¡rring, the precipitate was collected by

centrifugation (20 000 x g, t h, 4' C). The pellet was resuspended in one-tenth volume

25 mM ammonium acetate (pH 6,5) and desalted against sterile MilliQ water using a 1.0

kDa cut-off Spectra/Por dialysis rnernbrane (Spectrum lnc., CA, USA). Furfher

separation was by cat¡on exchange chromatography rn a 1 mì Resource S column

(Arnersham Biosciênces) w¡th an AKTApunfer(Amersham), as described hereinbefore.

Peptide ST4SA activity levels obtained after each purification step are

indicated in Table 1 9.

11 -1 1 -1  -1  -1 1  1 12 1 1 -1   -1 1 1 1 1 13 -1 -1 1 
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Table 19
Sample Activ¡ty

(AU/ml)

Cell-free supernatant 12 8O0

(450m1)

Ammonium sulphate 102 4OO

precipitate

(a5ml)

Dialysate 1O2 40O

(a5ml)

Total protein Specific activ¡tv Yjeld

(pg/ml) (AUipg protein) (%)

Purìfication

Factor

10.77

ÔZJI

35.77

I 188.49

1244.08

2 862J3

'100

80

BO

Aci¡ve fractlons collecied from the ART Apurifier corresponded to the

ST4SA peak and produced a A2-amino acid peptide, the expected size of peptide

ST4SA,

lso-electric focusing of peptide ST4SA

lso^electric focusing of peptide ST4SA was done by using the Rotofot@

electro-focusing cell (Bio-Rad, Hercules, California, USA). One liter of ceìl-free

supernatant, obtained from strain ST4SA cultured in MRSf, and prepared as described

before, was lyophilized and resuspended in 50 ml sferile distilled waterw¡th ampholytes

(pH-range 3 to 10, Bio-Rad), according to instructions ofthe manufacturer. A constant

current of 12 W was applied for 5 h at I'C. After separation, a small volume f rom each

of the collected fractions was adjusted to pH 7.0 with 3 N NaOH or 3 N HCt and tested

for antimicrobial activity agatnsl Lactobacillus casei LHS. The fractions that tested

positive were pooled, resuspended in de-ionízed water tô a total volunre of 50 ml, again

subjected to electro-focusìng, the fractions collectêd and tested for antimìcrobial activity,

Samples were stored at -20'C.

Cost reduction of cultivation media forms an impoÌlant part of media

optimization. Mediâ costs can be lowered by using industrial medìa as a carbon and/or

nitrogen source. Corn steep liquor (C$L), cheese whey powder (CWp) and molasses

-1 1 -I -1 1 1 14 1 -1 1  -1 -1 1 1  1 15 -1 1 1  -1 -I I 
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are regularly used as part of growth med¡a. CSL is a by-product fonned during the
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v¡tamins and m¡nerals. Cheese whey, a by-product in the diary industry, ìs the most

cornmòn fermentation medium for lactic acid (LA) production, and contains maìnly

lactose, proteins and salts. Molasses is a by-product containing mainly sucrose with

traces of other minerals.

Culture and media

Strain ST4SA was cultured in MRS broth (Biolab) and inoculated (2o/o vlv)

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 (121oC for 15 min). The

concentration of NaOH depended on the buffer capacity of the media. A 24-hour-old

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

tubes at 30 oC for 16 hours, pH 6.5 - 7.0. The pH was not controlled. Optical density

(OD) was measured at 600 nm.

Molasses and CSL at 10,20 and 50 g.l'1 were evaluated as possible

media for peptide ST4SA production (Table 20). Although the pH in molasses dropped

during ferrnentation (thus indicating cell growth), no peptide ST4SA activity was

recorded in the supernatant. CSL, on the other hand, produced a supernatant w¡th

activìty of up to 3200 AU.ml-1 at a minimum concentrât¡on of 20 g.l'1 - As may be

concluded from these results, a nitrogen source (CSL) is requ¡red to sustain peptide

ST4SA production.

1 1 -I 16 1 1 1   -1 1 -I -1 -I -1 17 -I -1 -I   -I 1 -I -1 IS 
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Table 20

rrH
\n. Mo¡ìia q I -t lnitial ll,nd Atl ml-t
I MRS lConlr'oll 6.50 4.6s i2800

2 t0 6.50 4.3t1 1600

3 csl 20 6.50 4.4r 3200

4 50 6.-5C| 4.56 3200

5

6

7

Molasscs
10 6.50 4.82 0

?-0 6.50 5.01 0

fÌ 10 6.27 4.14 800

9 CWp 20 6.55 4.44 800

1 0 s0 6.47 4.82 1600

ln follow-up experiments, GWp was added to the list of industrial media

and fermented at 10, 20 and 50 g TS.l-1 (Table 20). Peptide ST4SA activity of up to

1600 AU.ml-1 was recorded in CWp (Table 20).

A full factorial design (FFD) with CSL and CWp as components was used

to determine which media had the most significânt effect on peptide ST4SA production

(Table 21). The FËD would also give an indicat¡on as to whether there was any

interaction between the nutrients.

1 -I -1   1  1 -1 19 -1 1 -1  -I 1  I 1 20 1 1 -1  1 -1 
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Table 21

^2 --^ .,, ^^,z tt-u wtln \-ùL ano uvvp

l',1o. csl, cwp JoitiufU no¿ ,tr¡ -l ''
I 1 1 6.490 5.510 12800

2 -1 t 6.4q0 s.100 i2800
3 I -1 6.450 5.430 12800

4 -1 -l 6.480 5.090 12f100

MRS 6.86 4.53 51200

csl, 5 g TS I -1 ó.51 5.04 12800

cSL 1û s TS I I 6.47 5.12 l28oo

The utilization of sugars was determ¡ned by using the following mefhods:

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 at490 nm (room temperature). Sugar concentration (g

glucose,l-r) was calculated using a standard graph.

Dionex delerminatiot¡ of ntonomer sugars

A Dionex DX500 analyser with a CarboPac P4100 column was used to

analyse the samples for monomer sugars. The eluent used was 250 mM NaOH, H2O

and 1M NaOAc at a flow rate of 'l ml.min-1. The Dionex wâs equ¡pped with an auto

sampler and the injection volume was 10 pl.

Total sugar concentrations varied beh¡¡een 5 and 10 g TS.l'1 (represented

by'11" and "1" respectively). The results (experimenf performed in duplicate) suggested

I I 1 21  -1 1  -1 I  I 1 1 22 I -1 1  I -1 1 -1 1 23 -I 1 



56

that the concentration of CSL and CWp had no effect on peptide ST4SA production

+¡ ¡-1 .-:-r¡-:
llílrJle ¿ lJ. uùL at o ¿tllu lu g lù.1 ylcluEu pËPtlue ùl+'J¡1 crçLrvrty rrrrrrrdr (u LrraL

recorded ¡n the CSL and CWp combinat¡ôn (Table 21) and fouÊfold higher than

recorded with 50 g,l-1 CSL (Table 2O). As is evident from these results, CSL had the

most sign¡ficant effect on peptide ST4SA production,

Optimizing CSL

Peptide ST4SA actìvity of up to 12800 AU ml 
-1 was recorded ¡n pure CSL

at a concentrâtion of 10 g TS.l-1, This was, howeveT, low compared to peptide ST4SA

actìvity recorded in MRS (51200 AU.ml-r). In a preliminary experìment, MRS

components (except glucose) were added to 10 and 40 g TS.l-1 CSL and CWp,

respectivety (Table22). A tvro-fold increase jn activ¡ty was observed for 10 g TS-l-1 CSL

with supplements compared to pure CSL. ln contrast, GSL at 40 g TS.l-1 with

supplements yielded low activity. A high concentration of CSL inhibited growth (small

decrease in pH) and, subsequently, also peptide ST4SA production. This may be due to

inhibiting compotrents in CSL. The same experiment was done with CWp (f able 22).

With an increase in CWp concentration (from 10 to 40 g TS.l-1), no effect on peptide

ST4SA production was recorded.

T able 22
CSL supplemented with MRS components

uH

- No, C¿rrbon soru:ce q 'lS.I-l.Init¡at nnd aU rnt-J

1 I0 6.52 5.47 25600

2 csL .10 6.55 6,26 800 _

3 10 6.51 4.9? I2fJ0('

4 C-Wp 40 6.50 5.Ol l28r¿0

At l0 g TS,I 1 CSL produced peptide SI4SA at twice the activity compared

1  1 -1 1 1 -1 24 1 1 1  -1 1 -1 -1 -1 25  -1 -1    -1 I 
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to CWp (25600 AU.ml"1). CSL was therefore clrosen as med¡um forfuture experinrents.

As not all of the MRS components played a role ¡n irîproving pept¡de

ST4SA production, a screening experiment was done to ident¡fy the significant

components. This screening experiment was done via a 21Û'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 23 and 24).lt was also possible to determine ìf there were

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

Table 23
High and low concentrations of MRS components and CSL

MRS l¡roth sl-'
Comnoncnf ul"t I -1

R

C

t)
u
F

G
H
.I

Special peptonc
BcelexÍact
Ycast cxtract
CSL

t0 0

550
5,s0

63
20
t0
20

LO

Pota,ssiunr phosphatc 2
'Iween80 

1

tli-Âmrnonium cilrate 2

MgSOa 0.1 0.1 0

MnSO¿ 0,05 0.05 0

l( Sodium acelaf.e 5 5 0

Linear model ¡n terms of coded values:

Activity= -1431.2.8 + 956 2.C + 3831.2.D *2781.3-Ê-2243.8"G -2006,2. K +

7668,8 [Equation 2]

R2 = 0.73

Peptide ST4SA product¡on 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 evaìuate the effect (positive or negative) of the components. Beef extract (B),

potassium phosphate (E), tri-ammonium citrate (G) and sodium acetate (K) had

1 , 26 1 -1 -1    1 -1 -I  27 -1 I -1    1 -1 1 -1 7.8 1 
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negatìve coefficients in the linear modeì (equation 2) causing a decrease in the

resporìse vaiiabie. Titis iefiected iheir- rregative eftrect on peptide sT4sA pioductiÛn.

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

production.

Table_ 24. 2ro-5 FrFD design
---ls.-., ....-4

I -l

1 -1    -1 I  -I 29 -1 -1 1    1 1 -1 -1 30 1 -1 1   
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Table 25. Analysis of Variance Table for a 210-5 FrFD design

Resoonse : Äctivilv IAU ml
Compoucnt Df
AI
B1
C]
DI
ts1
F1
G1
I] I

Ji
K]
Repxrrlur:ibility I
lìesiduals 52

sisnif. coiles: 0'+++r 0.001 \*rr 0.01 \+r 0.05 ..'0.1 .' I

The cohcentrations of CSL and YE were set with a22 FFD (Table 26). The

critical dilution method used for determination of peptide ST4SA activity did not yield

accurate results, Th¡s made ii impossible to fit a model ¡'elating the concentrations of

CSL and YE to activity. Experimental results were used to fix the componenf

concentrations. From Table 26 it can be seen that there was no clear effect when using

low or high côncentrations of CSL and YE, The average vafue was selected as the best,

with a composition of CSL 7.5 g TS.l-1 and YE 6.5 o.l-1.

F value Pr (>l')
0.950 0.334
8.85ft 0.004 r'*

3.954 0.052.
63 -474 1.43 5e-10 *t*
33.450 4.221e-07 *xe

0.1(t2 0.689
21 770 2 191e-os +*'+

0.207 0.65r
0.008 0.92{,t

t7.405 0.000 +r+

1.138 0.253

-1 -1 -1 1 -I 31 -I 1 1   -1  1  -1 1 32 1 1 1   1 1 I I 
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Table 26

^2 ---I l-l-U wlln J cenllg pollìLs lol ûelelfl llflallurì oì \-ùL illlu ¡ I uulìuef ltraLlurlÞ

AIÌ nrl -t sl-,_
No. C D Renl.l Reol.2 C<¡mÞoncnt f 0 -l
I -l -1

2-1 I
3 I -1

411
5C)0
600
700

2s600 25600

36204 12800

25600 36204
25600 2sm0
25600 36204
51200 25600

D I¡F 10 1.5 5

2s600 25600 C ClsL 10 6.5 3

A growih curve with optimal media is shown ìn Figure 30. CSL based

rrìedia and MRS yielded similar growth kinetics.

Batch to batch variation

The composition of CSL may vary on a da¡ly basis, as it is a waste

product, A difference in composition hâs the potent¡al of significantly affecting reSulis-

This was investigated by performíng the same experiments on a second batch of CSL.

This time ANOVA analysis identified YE, CSL, Tween8O, MnSOa, and sodium acetate

as the components having the most significant effect on bacteriocin product¡on (P <

O 1) Continued optimization showed that MnSOa was insignificant while sodium

acetâte caused a decrease in activity,

The final media consisted of the following three components: YE (C), CSL

(D) and Tween80 (F). lt was not surpr¡sing fo find that yeast extract was once again

one of the significant components. Tween80 has ernulsifying propefttes. The final

concentrations, âs set in a 23 FFD design, was; YE 7.5 g.l-1, CSL'10 g.l-1 and TweenS0

2 g.l-'.

Growth limitations

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

1  59 Table 25. Analysis of Variance Table for a 2113-5 FrFD design Response: Activity (AU
nil -1) Component DI F value Pr (>F) A 1 0.950 0.334.  1 8.858 0.004 **   3.954 0.052.
63.474 1.435e40***  



Õt

fermentation. At the sta¡1 of fermentation, CSL was made up to a concentration of

-- 
.-1 

-.7.5 g TS.i-', The main monomer sugars ¡rreserrt were glutc'se drrd íiijctc,sÈ ai a toiai

concentration of 3.883 g.l-1. Only about 51.8% of the total sugar was therefore in a

fermentable form and not all sugars were metabolized during fermentation, At the end

of fermentation (constant OD), the pH was 4.ô and the residual sugars left were 8.8%.

Grou¡th limitations were due to low pH and not due to a lack of nitrogen, minerals.

vitamins or any other nutr¡ents, and Table 27 shows the carbon uptake during

fermentation.

Í able 27
Carbon uptake dur¡ng fermentâtion

(ìlucosc Fruclose Total sugar Yo Sugar
Islll h'lll tr',41 fênnc Ífcd

Time
fht
0

l0
t9

1.747

0.391

0.041

2.136

0.899

0.301

3.883

1 .290

0.0

66.8

9t.2

Accordingly, it is evidentthat CSL supplemented with YE could maich high

peptide ST4SA levels obtained in commercjal MRS broth. Advantageously, this has the

potenf¡al of significantly reducing costs associated w¡th cultivat¡on media. CSL was

selected as growth medium for industrial production of peptide ST4SA-

Development of Enterococcus mundti¡ SI4SA into a probiotic

An important criterion for the selection of probiotic stains is adhesion to

epithelial cells. Probiotic bacteria may also compete with pathogenic bacter¡a for

adhesion sites, Caco-2 cells, which orig¡nate from human colon adenocarcinoma, were

used as an in vitromodelto ìnvestigate the adhesion and compet¡tjve exclusion abilitíes

of E. mundtii ST4SA to epithelial cells.

The resufts are expressed as percentage of adherence compared fo the

inoculum. Ê-, mundû7 ST4SA and L. ntonocytogenes Scott A were able to adhere and

both showed 5% adhesion to the Caco-2 cells, The adhesion ôf E. mundt¡i ST4SA was

lowered to 1 % when the incubation time was only t h. Food mâterial stays ¡n the smaf f

1 33.450 4.221e_07***  1 0.162 0.689  1 21.770 2.191e-05 *** Fl 1 0.207 0.651  1 0.008 0.928
1 17.405 0.000 *fl Reproducibility 1 1.338 
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intestine for 2h and therefore would allow sufficient time for E. mundtiiST4 to adhereto

the epiiheiiai ceiis. äowevei, E. rrtundÍii ST43A tj i,-j r¡oi have ãn eflect on ihc adhesion

of L. monocytogenes scott A regardless ofwhetherthe 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

competitìon for adhesion as the percentage adhesion stayed ihe same as in the control.

This can be explained by the fact that E nuntltii sr4sA and L. monocytogenes scott A

might bind to different receptors on the epithelial cell. E. mundfÍ ST4SA and L'

monocytogenes Scott A would, therefore, not compete for similar receptors.

Resistance of E. mundtii ST4 against antibiotics and antiJnflammatory drugs

E. mundtiiST4SA showed resistance against two ant¡biotics (Cefasyn and

ut¡n) and the inflammatory medicaments Rheugesic, coxflam and Pynmed. The results

are shown in Table 28. Antibiotics with the greatest growth inhibition on E. mundt¡¡

ST4SA are Promoxil, Cìpadur, Roxibidd and Doximal

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

sT4sA cells to caco-2 cells compâred to the control, Adhesion decreased with l0% in

the presence of Cipadur, Roxibudd and lbugestic syrup and 14o/o with a higher

concentrat¡on of Cefasyn, as may also be seen in Table 29.

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 concentrations of CSL and YE. The average
value was selected as the best, with a composition of CSL 7.5 g TS.I -I and YE 6.5 g11.  60
Table 26 z FF0 with 3 centre points for determination of CSL and YE concentrations No. C D
AU nil -/   g1'     Rep1.1 Rep1.2 Component 



Strain ST4SA

Doximal, 20mg/ml

Ciploxx; 100m9/ml

Utin, S0mgiml

Rheugesic, 4mg/ml

CoxRamJ.smg/ml

K;fenak, 6mgi ml

Preflam, 3mg/ml

lbugesic

Iirgiml I **

rs/ml 
I 
. 

I-t--lrl
-: no zones; + = diameters between 1 mm and l1 mrìr; ++ = d¡arneters beh,veen '12 mm and 16 mmì

+++ = diamêtérs Òf 17 mm and more

1 0 -1 1 2 3 4 5 6 7 -1 -1 1 1 0 0 0 -1 1 -1 1 0 0 0 25600 25600 36204 25600 25600 25600
51200 25600 25600 12800 36204 25600 36204 25600 CCSL D YE 10 10 6.5 7.5 3 5     
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Table 29
Medicament Strain ST4SA adhesion

inöcuium 
-

Conirol 5x

Cipädur (5 nng/mD 6 x t03

Promoxil (8 mg/mì)

ocjiimái tz rnmU

1.25 x 10"

1 x 1õ4-

1.2x1

Cefasyn (50 mgiml) 7x

(40 mg/ml) 3x1

lbugesfic syrup ( 100 pl) ô xlot
K-fenak (0.5 mg/l)

ln vivo assessment of the safety, toxicity, bacterial translocation and suruival, immune

modulation capacities and efficacy of oralty admin¡stered E. mundtii SI4SA cel/s -
c ont p ari so n s w ith Lacfov ita.

Animals

Thirty six male Wistar rafs weighing beiween 150 g and 1 80 g were

housed ìn groups of six ¡n plastic cages with '12-hour lighUdark cycle, in a controlled

atmosphere (temperature 20 1 3"C). The animals were fed a standard diet and ad /rb-

Baclerial slrcins and probiot¡c

E. mundtii strain ST4SA was cultured in MRS Btoth at 30"C for 1B hours;

the optical density 'was adjusted to 1.8 at 600 nm. Cells were harvested by

centrifugation and washed in 20 mM phosphate buffer (pH 7.5). Washed cells were

resuspended in 100mM sucrose, frozen at -80oC and lyophilized overnight. The

4x

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 most 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 extract was once again one of the significant components. Tween80 has
emulsifying properties. The final concentrations, as set in a 23 FFD design, was: YE 7.5 g.11,
CSL 10 g11 and Tween80 2 Growth limitations  61 fermentation. At the start of fermentation,
CSL was made up to a concentration of 7.5 g TS.11. The main monomer sugars present were
glucose and fructose at a total concentration of 3.883 g11. Only about 51.8% of the total
sugar was therefore in a 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
nitrogen, minerals, vitamins or any other nutrients, and Table 27 shows the carbon uptake
during fermentation. Table 27 Carbon uptake during fermentation TimeGlucoseFructoseTotal
sugar % Sugar IhiNalIg/qfermented 0 1.747 2.136 3.883 0.0 10 0.391 0.899 
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cfu/vial values were determined by suspending a given mass of cells in 1 mf of

phosphaie bufÍet and spread pÍatiÍig ci¡iutions o¡-¡ iviRS soii'j i¡ier-jia. Lyophiiized ceiis

were Tesuspended in steriìe skim milk (10%) and 2 x 1 08 cfu strain ST4SA was

administered via intragasiric gavage.

Lactovita capsules were emptied into a vial and resuspended in ster¡le

skim milk (10%) and 2 x 108 cfu was administered via intragastric gavage.

Ltsteria monocytogenes Scott A was cultured in BHt Broth at 37oC for 1B

hours. Cells were harvested by cenirifugation and washed in 20 mM phosphate buffer

(pH 7.5). Washed cells were resuspended in 100 mM sucrose, frozen at -80oC and

lyophilized overnight, The number of cfu/vial was determined as desoibed above.

Lyophìlised cells were resuspended in sterile skim m¡lk (10%) and 10a cfu were

administered via intragastric gavåge.

Experimental design

Two groups of animals received strain ST4 via intragastr¡c gavage, two

groups received Lactovita and the remaining two control groups received water for 7

consecut¡ve days. On day B, both control groups were ìnfected with Lrsfer¡a

monocytogenes and one group from each ofthe strain ST4SA and Lactovita groups

was also infected wilh L. monocyfogel?es via intragastric gavage. At this time the

animals also received E. mundtii slrain ST4SA, Lactovita or water. Problotic or water

was adminisfered aga¡n on day 9 and 10. When the control groups began presenting

sympfoms, E. mundtii strain ST4SA was administered via intragastric gavage to one of

the groups. This group was then mon¡tored for alleviation of symptoms.

Animals were monitored twice daily for symptoms of listeriosis. Animals

were sacr¡ficed on day 11 (except the côntrol group now receiving E. mundtii strain

ST4SA), Blood was sanrpled fron¡ the right ventricle. Total blood counts were

determined by a pathologist laborâtory, a sample of blood was inoculated onto BHI solid

nledia and Listeria selective agar base and the cfu/ml was determined. Plasma was

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 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 vitro model to investigate the
adhesion and competitive exclusion abilities of E. mundtii ST4SA to epithelial cells.
The results are expressed as percentage of adherence compared to the inoculum. E. mundtii
ST4SA and L. monocyto genes Scott A were able to adhere and both showed 5% adhesion to
the Caco-2 cells, The adhesion of E. mundtii ST4SA was lowered to 1% when the incubation
time was only lh, Food material stays in the small  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 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 conipetition for adhesion as the percentage adhesion stayed the
same as in the control. This can be explained by the fact that E. mundtii ST4SA and L.
monocytogenes Scott A might bind to different receptors on the epithelial 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-inflammatory drugs              E.
mundtiiST4SA showed resistance against two antibiotics (Cefasyn and Utin) and the
inflammatory medicaments Rheugesic, Coxflam and Pynmed. The results are shown in Table
28. Antibiotics with the greatest growth inhibition on E. mundtii ST4SA are Promoxil, Cipadur,
Roxibidd and Doximal.              Promoxil, Doximal, Cefasyn and Utin had no effect on the
adhesion of ST4SA cells to Caco-2 cells compared to the control. Adhesion decreased with
10% in the presence of Cipadur, Roxibudd and lbugestic syrup and 14% with a higher
concentration of Cefasyn, as may also be seen in Table 29.  Table 28 Medicament Strain
ST4SA Ibuprofen, 5mg/m1 ++ Aspirin, 5mg/m1 + 
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collected and endotoxìn levels as well as cytokine (fL-6 and IFN-o) levefs were

OetgllnlfìgU. llle llveT, Spl()gllAtlU :ieuLlUllS Ul (lls gAùLl Ull ltçStll ¡cll Lldr-( vvslç s^rrrÞsLr

and fixed in formaldehyde prior io paraffin embedding.

Sections were stained with hemolysin and eosin for histological analysis

The hemolysin and eosin analysis ìndicated thât oral administration of strain ST4SA

does not result in any structural damage to the livei', spleen orGlT (see Figure 3'1). No

differences were observed betvveen animals that had been adlnin¡stered strain ST4SA

and those receiving only unsupplemented water.

As described herein, the Enterococcus mundtii sttain, ST4SA, isolated

from soy bean extfact, has been found by the Applicant to produce a useful

antibaclerial peptide, peptide ST4SA, which is active against a number of pathogenic

organisms such as those isolated from human middfe-ear infections and the human

intestine. Advantageously, peptide ST4SA is not cytotoxic. The Enterococcus mundtii

ST4SA strain has been distinguished by the Applicanf from other strains of E mundt

by sugar fermentation ¡eactions, a number of biochemical tests, the presence of two

plasmids (pST4SA1 and pST4SA2), and a unique gene (AÍîST4SA), encoding

adhesion to intestinal epithelial cells and mucus. Peptide ST4SA has been purified and

sequenced, and contains two large hydrophobic reg¡ons. The Applicant has isolated

aod sequenced the nucleic ac¡d sequence encoding peptide ST4SA, as well as the

nucleic acid sequence encoding the transport of peptide ST4SA across the cell

membrane, which serves io render ímmunity to the producer cell aga¡nst ¡ts own

peptide. All latter genes are located on the genome, since cur¡ng of the strain of its

plasmids did not lead to loss in antimicrobial activity, Furthermore, iransformât¡on of the

plasmids to a stra¡n of FnÍero coccus faecalis dld not conveft the recipient into a peptide

ST4SA producer, which is further eviderrce that the genes are not located on the

plasmids. Loss in antimìcrobial 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

mìn of incubation in buffers behveen pH 2.0 and 12.0, and after 90 r¡in at 100"C. Even

more surprisingly, treatment with EDTA, SDS, Tween 20, Tween 80 and Triton X-100

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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díd not lead to loss in antimicrobial activity. Strain ST4SA survives low pH condltions
i_ +l.^ ^. ^^^^^^ ^{ ê Ãol Àt^i.1t\pn z.Jr, 9luwb l¡r,nCUrL¡ir¡ aUlUSicü iiùii¡ pi¡ r+.U ¡U J,(] iíi iíii-- ijieSÈ¡ìUii ûi ú.J',/'o I\a\,;,

and is resistant lo 1.Ðo/o (Wv) bile salts and pancreatic juice. Growth of straìn ST4SA

occurs at 10"C (although slowly) and at 45"C, with optimal growth at 37"C. Only L(+)-

Iactìc acid is produced from glucose. These strain character¡stics, the rapid and stable

productìon of peptide ST4SA, even when the strain is exposed to environmental sfress,

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.

The peptide also has use as an antimicrobial agent in a liquid formulation,

as a topical treatment for, for example, middle-ear infections. This liquid formulation

may be applied to the ear using an ear drop applicator. The fìquid fonÏulation is also

included in a liquid form of the probiot¡c of Enterococcus mundt¡¡ for use as a liquid

supplement to meals. The peptide further finds use as an antimicrobial agent in e¡ther a

l¡quid or aspírated form in a nasal spray for treatment ¡n, for example, sinus infections or

sinusitis. The peptide is also used as an antimlcrobialagent encapsulated ¡n a polymer.

This polymer is then used in a fo¡muìation for topical treatment of infections such as,

for example, skin infections, or it may be used for incorporat¡on in implants such as, for

example, ear grommets, orfor incorporalion in wound dressings. The encapsulation of

the antimicrobial pept¡de ih the polymer leads to ã 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 ¡nto o¡nlmênl, lotion, or cream

formulations and used to treat infect¡ons. The pepticle may also further be used as an

antimìcrobial agent by being incorporated into liquid formulatÌons such as, forexample,

contact lens rinsing fluid, or it maybe incorporated into the contact lenses themsefves.

The peptide may also be used as an antimicrobiaì agent by beìng incorporated into

packaging material such as plastic, for use in the manufacture of aseptic packaging, ln

an even further form of the invention the peptide may be used as paft of a broad-

spectrum probiotic of Enterococcus mundtii in a tablet fornr or in a capsule form or it

may be ¡n an edible form such as, for example, a sweet or chew¡ng gum.

= 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 lnoculum 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) lx 104 Cefasyn (10 mg/ml) 1.2 x10'
Cefasyn (50 maim!) 7 x 102 
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SËQUÉNCE LISTING

Enterococcus mundf¡i strain ST4SA (ATCC PTA-7278) r¡bosome subunit l65 gene pr¡mers

SEQ. lD. NO. I : Forward primer

^¡(:1:¡$:(: 
icjl^¡:(j(:

SEQ. lD. NO. 2: Reversê pr¡mer
C¡.CGCi6COGTGI'GT¡\C

Enterococcus mun:dt¡i stuaiî ST4SA (ATCC PTA-7278) structural gene primers
SËQ. ID. NO. 3: Forward prlmer
IJ(ì - ¿j : lGAGÀGÀÀ3C''I'Ì"!:¿IGÌTTTGÀAO¡.A

SeQ. IO. ttO. ¿' Revèrsê primsr
tiG-b : Tc(:Ãc1 G¡rÀ11îccÀTGÀÀTGÀ

Enferococcus mundtil afialn ST4SA (ATCC PfA-7278) ABC transporter gène pr¡mers
SEQ. lD. NO, 5: Forward pr¡mer
ASCi-Â : TCÀTGGÀTTTC¡GTGCì^^G1'

SEQ. lD. NO. 6; Reverse primer
ÀEC1_Lr : ATCTCTICTCCGTTT^AT(ì(t

SEQ. lD- NO. 7: Forward primer
ÀBC2-a: GTCATTGrTGTGatGGÀTTÀ]

SEQ. lD. NO, 8; Reverse primer
ÀBC2-b: T:TÄGÀTÀCGTÀTÇÀ71çTCi:

Enterococcus mundtii s|dain ST4SA (ATCC PlA-7278l. ¡mmun¡ty gene primers
SEQ. lD. NO. 9: Forward pr¡mer
.l ¡¡!r,un..a : IlCCT{:À1ClÀÀcÀÀGA¡-crC

sEQ. ¡D. NO. 10: Rèvêr6ê pr¡mer
lnmùn-b: G'f CCCCÄCÀACCÄAt'A.ACl'À

$Eo. rD. NO. 11

Polynucleotidê ênöod¡ng E 7úerococcus mundti¡ (ATCC PTA-7278) antlmicrobial peptide ST4SA

A:cTCAC¡,AGTÀGTÀCGTGO¡rÀ^'\T^OTJ1C(i(ìTÀÂTGGÀCi.r'CtCi1lGTÀÀ1\Àr\ÃAÀGGGTOCÀGl'CT'LCA'r1CôCG¡$ri\À,:ìi:îÀTTíiCrlÀ!''l'À
TTGCAÂATÃATlCTGCT(ìC(;AÀ'T'I'1'iq'JC']'ÀC'ì]C'GTGGAGCAGCTGGTTGGAÀÀAC'ITAÀ

sEQ. tD. NO. 12
Polypeptide encoded by Enterococcus mundti¡ I^TCC PTA-7278) antim¡crob¡âl pept¡de ST4SA

¡tSqvVGGl(YY(;NGvScllX11GC gVDr¡GûrrGI IGNNSÀ¿NnA'¡CGÀÀGr¡llS

sEQ. tD. NO. 13
Polynucleotidê encoding Ënferococc¿js mundfl¡ ST4SA (ATCC PTA-7278) ABC transporter gene

,tTGC^G^'I(;¡ i'!'t!ÃÀÀ'l'AÀ'IT'l''¡CÀTTCATGGAT'I'TCAG!'GcAè.GTTTTÀAGAGÀCTT¡^C1.ì¡.i1¡.CCGÀ I1'c lGÀ,qGGT¡{CClG1'ÊCATTÀC
qGCÀATÀ¡.ATTGTGÀÀGCT:TÀ']'AÀA(iC]T AÀTTÀTCCCGl

ccAÀÄATÀCA¿ÀGAqTCAATèGÃAÀÀcT'I'CÀ^CA¿)C¡.¡tÀ1'G(;ACi:GCTGTTè-T?TTÀGTTGcTGÀA¡-AG:4C1'CCIGATTTCaÀ^ÇCç^TÀÀ?{1 ./{

ÀTèCå-AÀ¡{ÀÀåÀGTTTlTTTl(:1TC¡À1AÀCJ Ì'?TÀ1 Àq-!ÂGATCAIITÀTAÂÀI\ÀA¡-T TTTATTGGTG¡1!ATT¡\TCTTCÀ'I"I'ÀA'J'AÀ I,ÀÀCiTÀT

TÀTÂcGÀ Aî?\C1'lr? C¡\Ä G.j.1 

^Cj 

!.À t T't1,Àcr!¡-TîTTÀ4TÀGÀTTGCTI'ÀCTTCCTçÀÈÀÀqGÀC.r1',l1'1Â^¡\1 C1'¡:1!'r¡- l'SA1À1C¡aTrÀGC

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 animals 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
centrifugation and washed in 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 were determined by suspending a given mass of cells in 1 ml of phosphate buffer and
spread plating dilutions on MRS solid media. Lyophilized cells were resuspended in sterile
skim milk (10%) and 2 x 108 cfu strain ST4SA Was administered via intragastric gavage.
Lactovita capsules 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 cultured in BHI Broth at 37C for 18 hours. 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 -80C and lyophilized overnight. The number of cfu/vial was determined as
described above. Lyophilised cells were resuspended in sterile skim milk (10%) and 104 cfu
were administered via intragastric gavage. Experimental design             Two groups of
animals received strain ST4 via intragastric gavage, two groups received Lactovita and the
remaining two control groups received water for 7 consecutive days. On day 8, both control
groups were infected with Listeria monocyto genes and one group from each of the strain
ST4SA and Lactovita groups was also infected with L. rnonocytogenes via intragaStric
gavage. At this time the animals also received E. mundtii strain ST4SA, Lactovita or water.
Probiotic or water was administered again on day 9 and 10. When the control groups began
presenting symptoms, E. mundtii strain ST4SA was administered via intragastric gavage to
one of the groups. This group was then monitored for alleviation of symptoms.             Animals
were monitored twice daily for symptoms of listeriosis. Animals were sacrificed on day 11
(except the control group now receiving E. mundtii strain ST4SA). Blood was sampled from
the right ventricle. Total blood counts were determined by a pathologist laboratory, a sample
of blood was inoculated onto BHI solid media and Listeria selective agar base and the cfu/m1
was determined. Plasma was  66 collected and endotoxin levels as well as cytokine (IL-6 and
IFN-a) levels were determined. The liver, spleen and sections of the gastrointestinal tract were
excised and fixed in formaldehyde prior to paraffin embedding.              Sections were stained
with hemolysin and eosin for histological 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
administered strain ST4SA and those receiving only unsupplemented water. 
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'¡ì'1À'l'C¿!^GGaÀT11T1.À'¡ÀÀ(:¡tÀCT¡i,t,Â1!t.lcÀMt,t,ÀCCACÀA(ìÀ1.À,t.^,1,TT,¡LG^¡¡\À(ìÇ,t.^ç(;¡\C¡^G¡tcT^c6,¡¡cAtcC^Ì,¡,t1,À,1,
Tî¡.À¡ì TòTT 1'ÀG^¡CÀ1'À1!? ¡ÎC^ 11¡'¡ I ÀCCÀGa'l 1Yi(-,t1 1 ? t 11 C t 

^ 
¡t¡t,\GÀ 

^^n 
Àc1\ìG Àc¿,r,A1 r'c.rcfcTAGÀ,ì lTl CTGATGCT^ÀTÀ¡r

CÁA,¡TÀ7)1 1T1^i\T¡^CG1,¡ÀòG rÌ,C l\À,¡.1.CCÀ I'tt,l.À,1'À,t,ÀCt¡{ÀtTÀ1,À,t,1,¡ çG/r,IC^ÀÀ1.^r\^AÃAÀ 1 (jÀG1,Cc¡,1 1,ÀÀ/rCcGA G¡.A GÀ6,¡l'r't;C^^Àri^¡-À11cÀiTAG1'?GÂi¡1'c1¡l-¡\1'TTTÀ11cÀ¡GcÀTIAt\ÀcçGÀÂi.^1,Àl.¡cjrAiÄ/,:\^GcAC,-'t,.rct,^aj-tGÀ(;¡lÀl.MG^TTc1,^^,¡ì

crl l'l',¡l¡ccrcß;c1" 1.I61À11À'Ì'cccr'rGc1'TcG1'¡T,tÀTG1 ?,r!,ctAtcG^cÀ¡ÀT.r'ÀcÀ^.¡ nGGÀcÀÀcîÀÀ:^Àc¡¡TTcAÀTt,cÀîly\,¡,
C'¡'Àl À,l.1L1"¡ 1'TCl À(-'¡\aiCTCT'ÀC¡¡À^ l'À'l À^1'ÀÀ^1'cfÀCÀ^GÀAÀl\À1TCCÀ Ì{ÀÀGCÀCÀÀGT,t.GCÀÀ¡,tÀÂ?CCcÇ't"t,ÀÀCGAï,CX.Ar.ll J cT¡TÀ¡}'l^¡ rG^¡¡^ÌÀ¡\ÀGâcÀÀG'l i 1À'1'îcÀ'l"l lGGc'D\¿{Àl'tÂl\cl'G¡rÀÀ¡rÀc<i^ÀcGÀt?Àca:I,t TGnÀ¡ìÀT6TÀ1.^Tt.TT^G.lTÂ Ílt c1'Àc1,¡ùA1 À1CC TAÃ1GîG1.TÀc^:ÀÀ1'¡\1¡cÀG ¡'i,T11C1t1ìÀCCTCTcÀG'tÀÃÀÀ ¡r.tÀr,^ Gci^^ ?.rì^ÀJ\(dì,r\r^.i,^c,l (¡j.l Gc1,(;(<!A AIcÀÀcf1'IàGCÀCÀILCT'I CÎÀGCl'CCÀ:Tt'1,ÀCTCt'CC¿C^1AÀTGc^4G¡¡,t'1'¡'Cttt.,.¡¡¡,rc;¡r¡rn¡¡¡.r,À,¡,TGÀAÀÀ1,À1\TÀA1'ÀGÀtÀÀaì1i
t'TIllCGI'J|AG¡l',CÀTTACCTÀlGl,GCCrCÀÁç¡r^TÇ1ItTl'/tT'f¡'l'cÀc!,GGÀÀc,¡A1*ÀÀÃcÌ\cÀÀT1'?Àa1,ì,?1.¡Orì't11'À(ìAAÀG1À.|1'CCi'
GÀlGÃÀcÀÀcÀècTcrjÀÀÀ¡lÀGTÀclGaÃÀG¡\'¡ÀC't'l'cîr"rÀ1'G6ÀcrTÀTÀ1TÂCTGCCCCICCrCl'^CC¡tCTTCÀ't'ÀCG,]'À1CtAcÀÀG¡,,Àa

1Ïi:Ìl::ÌÎ:llll:ll1:191-t99LfSl1^":l¡19llrrcc11rÀ6cÀrìGÀcrr?rÀ,rrÀrr¡r6¿Æ\Glarr¡¡rrrÌ¡rl.ÀrrÀ(;^1,GMGc.J¡c
TT¡\¿rTÀGÀ'IAÀG!tìfOÀc'Ì 'i À ¡tÎcÀ rt.,|,rì

sEQ. tD. NO. l4
Polypeptidê cncoded by Enterococcus mundti¡ sr4sA (ATcc prÂ-7278) ABc nranspor{c¡ óenè
MII'IILNN!'I]59JIs\"L-vTIìDL1ÐTDSEGTCÂI,G:TVNGFÀ.l¡,GINC[ì¡Yfc'\NSDV(¡]XEÑËINY!rVI¡INIV'lJ.¡NOFLIIYCIVYGV]ß¡IKI,L,ÀD¡ÀI
QX:¡iÐ5ÌDI(FNNXr?i]6V]T,V¡IIì(?PDIIQPINÌù'I'KKI]t-FI)iIISLLIiDQYIKTI,I.VT¡SS:TI1,¡II;ILSSYY¡'AII,ID!i!!PEKDruNL¡¡fISIS
Y1:Gr¡'rl'sl¡rEl1.lìIlYNl,ltxl,C;ODVGjIsIIFXY!EllIFll!PÀsFI6liRKl'cDlvsRr'sDANKr.r¡,ALAs!'TrsIFl,DI.stjvrrvvcrrl,I,nNti
çl,l LI'l l,SSI Yì Lt l!cSVI(IOtSp.t,NGItEI.lOlNS JVDgNfI EGLNctyTL<,Àl,CSEjñ( I eIyRù^LNTI¡ltDVlì LKfO,JlfyDS l Ì(r.¡L¡(X !V SLI,:'s^FVL!'1,65 Y !:v I NGE ! ]'ll o !ìl,l1l"lJ S 1,51 ! Fs T PI,CN ] ¡Nr,QìtÌ{ ligr(\Ov^N tl tì;¡,rDv ¡ :J I N N ! NXJt( È I8 !À(LTlì K?ìTf TI.DN!ry¡..s fs rli vpNvi,D:tÌrs ! s¡ 9lsxN r Gr ttG¡rsù¿rG(fj i t^el,r,ÀGr,y 5 r,D¡¡(;¡rr è rN toN r lìt.ì:r N ¡ìl(DL aJ( L r ry,J poE s Frìqg G.r r t(DNl t¡¡,cL Ðs r eDEQ!lI-ÌlI(vl'KtJTcLNIjY:1'^PP¡,GLD'l'Yl,DcllG¡lNl,SGCC(Q]ìlÄL¡rRVl,Lt(;¡j¡iIi,L:,IrtÀ't'sÀl,D:jLtt¡tLIÌDfù.J,KypNK-sITMIS¡tN¡Ji
l r¡)KCDI 1t l)r', DrìÌ¡fs

sÊQ. tD. NO. l5
Polynucleot¡de encoding Enterococcus nundfrT ST4SA (ATCC p-fA-7278) ¡mmunify gene

A1-G¿G1¡lA1lr1ÀÀÂGTGGllf!'crccrcGÀcÀcGÀTcGÀccrÀèÀ¿AÀGc¡arAÂGTê^T rÀ1r¡cr(iÀÀ,!,r,Â,r"¡ÀG¡rl.GÀt.t ¡ AGÂG^l¡rcÀTc1!eGðÀ^1C¡ÀICTCTTCCÀAÃAG1??'IÀGGC,fCCIÀlCTfGÀÀir\lìG r1 (l¡tjrÀ¿il1'G¿ÀcGÀÃC l IcAc.t,¡ccÀT:-'ÀG1',¡'1.,t'ÀÀ(;TCGï,À!,(;¡.¡.
iÙÀ1Àc¡lG.\:Þ'l'cTAÀTGCÀ¡rrÀ¡À¡Jt¡¡c^cccl,c?Ã'¡'ci;,t,,t,/ìÀA,tc¡\ÀÀÀ.1,c¡ÀÎc,1,ÀÀðÀtiÀ,1,TÀ¡¡ÀL;AACTCÀI,¡1\)TÀ't'À,t 

C,tåÀ,t,À1,t.ÀGè1A.fGGÀT¡I1'1ÀG

sËQ. tD, N0. 1û
Pólypept¡de encÒdBrl try f:ðfe./ococc rrs mundt¡¡ ST4.SA imnjunity genç

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 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 sequence encoding peptide ST4SA, as well as the
nucleic acid sequence encoding the transport of peptide ST4SA 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 plasm ids 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 plasrnids. 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 90 min at 100C. Even
more surprisingly, treatment with EDTA, SDS, Tween 20, Tween 80 and Triton X-100  67 did
not lead to loss in antimicrobial activity. Strain ST4SA survives low pH conditions (pH 2.5),
grows in medium adjusted from pH 4.0 to 9,6 in the presence of 6.5% NaCI, and is resistant to
1.0% (w/v) bile salts and pancreatic juice. Growth of strain ST4SA occurs at 10C (although
slowly) and at 45C, with optimal growth at 37C. 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.               The peptide also has use as an antimicrobial
agent in a liquid formulation, as a topical treatment for, for example, middle-ear infections.
This liquid formulation may be applied to the ear using an ear drop applicator. The liquid
formulation is also included in a liquid form of the probiotic of Enterococcus mundtii for use as
a liquid supplement to meals. The peptide further finds use as an antimicrobial agent in either
a liquid or aspirated form in a nasal spray for treatment in, for example, sinus infections or
sinusitis. The peptide is also used as an antimicrobial agent encapsulated in a polymer. This
polymer is then used in a formulation for topical treatment of infections such as, for example,
skin infections, or it may be used for incorporation in implants such as, for example, ear
grommets, or for incorporation in wound dressings. The encapsulation of the antimicrobial
peptide in the polymer leads to a 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



1.

CLAIMS

A substantially pure culture o'f EnteroÇoccus mundtii strain ST4SA depos¡ted

with the ATCC under the assigned number PTA-7278, said culture capable of

producing peptide ST4SA in a recoverable quantity upon fermentation in a

nutr¡ent medium containing assimilable sources ol carbon, nitrogen, and

inorganic substances.

A process for the production of an isolated peptide selected from the group

including:

SEQ. ID. NO. I2;

a fragment thereof having antimicrob¡al act¡vity;

muteins and derivatives thereof having antimicrobial activ¡ty;

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, which comprises

cultivating Enterococcus mundti¡ strain ST4SA in a nutrient medium under

micro-arophilic conditions at a temperature of between 10"C and 45'C, until a

recoverable quantity of said peptide is produced, and recovering sa¡d peptide.

A process of clairn 2 where¡n the cultivation occurs at a temperaiure of about

37"C.

A process as clairned ¡n c¡âim 2 or claim 3, whereirl the nutr¡ent niedium is

selected from any one or more of the group including: corn steep liquor;

cheese whey powder; MRS broth; yeast extract; and molasses.

A process as claimed in clairn 4, whe¡ein the nutrient mediurn is MRS broth

conta¡ning 1O fo 2O g/l K2HPOa and/or 15.0 to 20-0 g/l fructose.

Use of a therapeutically effective amount of the cultured Enterococcus mundtii

strain as clairned in claim 1 in the rnanufacture of a medicament for treating a

bacterial infect¡on in an animal or human.

5.

SEQ. ID. NO. 10: Reverse primer lomns-h: SItCSCACAACCAATAACTA SEQ. ID. NO. 11
Polynucleotide encoding Enterococcus mundtii (ATCC PTA-7278) antimicrobial peptide
ST4SA
ATGTCAGAAGTAGTAGGTGGAAAATACTACGSTAATGGAGTeltATGTAATAAAAAAGGSTG
CAGMTTGATTGGGGAAAASOTATTSGCATTA
TTGGAAATAATTSTSCTGCGAATS"PAGCTACTGGTGGASCAGSTSGTTGGAAAAGTTAA
SEQ. ID. NO. 12 Polypeptide encoded by Enterococcus mundtii (ATCC PTA-7278)
antimicrobial peptide ST4SA
MSQVVSGSYYGNSVSCNKAGCSVDWGKAIGIIGNNSAPMLATGGAAGVIGS SEQ. ID. NO.
13 Poiynucleotide encoding Enterococcus mundtii ST4SA (ATCC PTA-7278) ABC transporter
gene
ATGCAGATGAMMAATAATIWCATTGATGGATTWAGTSSAAGITTTAASAGAGTTAACTSAA
ACCGATSTSSCAAGGTACCIGTGOATTAG
STATAGMACGGATTTGCTAAATTAGGAATAAATTGTGAAGOSTATAAASSTAATAGMATGT
ATGGAAAGAAAATGAGMAATTATCCCGT
AATTSCTAATATAGTAAGGAATAATCAATTTCITCATTATTGTAflGTMATGGTGTGAAAAAA
GAGAAATTGTTAATAGSTGACCCTSCGATT
GSAAAATAGAAAGAATCAATAGAAAAGTIVAACAACAAATGSACTGGTGTTATITTAGTTGC
TSAAAAGACTCSTGATTTCSAACCCATAAAM
ATACAAAAAAAAGTITTITTTSTICAAVLAGITTATTAAAACATCAATATAAAAAAATTTTATTS
GTGATATTATSTTCAMAMATAACAAT
TATAGGAATACMTGAAGTTACTATTTMGAATTTTAATAGATTGSTLACTTCCTGAAAAAGA
CTI7TTAAATC1711=,TSATATCAATTAGC  69
TATATCATAGGCATTTTTATAACAAGTAMIrMAAATTACCAGAAGATAMATTTAGAAAACCT
AWACAAGATGTAGGTAGWICCATTMT
TTAAATATTTAGAACAMTTTCATTTIACCAGOTTCCWTTITTCMANAGRAAAACTGGAGAMT
TGCCTCTAGATTTTCTGATGCTAATAA
AATTATACAAGCTTTAGCTAGCTTTACTAIWA1171TMAGAIIIAAGIVCAGTCATT011tTOGG
GATTATATTGATCAATATTAATAAA
CAATTATTTTTAATATCGTTAAGTTCTATTCCAPTTTATATACTAATTAMTTAGGATCAAATA
AARAHATCAG=GATTAAACGGAGAAGAGA
TGCAAACAPATICAATAGTTGATICAATTTTATTGAAGGAIMAACCGAATATATACTATAhAA
GCACCI7STAGTGAGAATAAGATTGTAAA
TCAAAMATAGAAGTTTAAATAAATTTTTTGATGTAIVACTAAAGAGAAATATGTATGATIVTA
TAAT7CAKAAMAAAAATIVTGGTTatt
CTTTTAACCTCGCCV2VEGTATTATGCCTTGGITCOTATTUGTTATCAATGGAGARATTACA
MIWGAGAACTAATAACTTTCAATICATMT
CTATATT1117TCWICACCTCTACAAAATATATTAAAIVTACAAGAAAAATTCCkAhAAGCACA
AGTTCCAAATAATCOGCTTAACGATGTATT
TnTATAAATWITGAAAATAAAGACAAGTTIWPTCATTTGGCTAAATTAACTGAAAAAGCAAC
GATTACATTTGAMATGTATATITTAGTTAT
TMOTAAAMICCTAATGTGTTAGATARTATGAGTTTTICTCTACOTGTGASTAARARTATAGQ
MATAAAAWMAMGTGCTGVTGWMAAT
CAACDTTAGCACAACT7VTAGCTGGATTTMCTUCCAGATAATGGAAGAATTIVTATAAAWA
GCAAAATATMAAAATATTAATAGAAAAGA
TTTACGTAAGITGATTACCTATGTGCCTCAAGAATCTITTATTATGAGTGCAACTATTAAAGA
CAATTTATTTTTAGGrrTAGAAAGTATTCCT
GArGAACAACAACTCGATAAAGTACTGAAAGATACTTGTIVATGGAGTTATATTACTGCGC
CTCCPCMCGACTTGATACGMCTAGAAGAAA
ATSGTGCGAATMITCAGGTOG1tAAAAGCAAAGAATTGCTTTAGCAAGAGTTTTATVATTAC
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7. Use as claìmed ¡n claim 6, wherein the cultured strain is for administration in a

concentrat¡on of I 06 to 10s cfu/ml.

B. Use as claimed in claim 7, whereín the oulture<i strain is for adm¡nistrat¡on in a

concentration of 108 cfu/ml.

L Use of a therapeutically effective amount of an isolated peptide selected from

the group including:

SEQ. ID. NO. 12;

a fragment thereof having antimicrobial act¡vity;

muteins and der¡vat¡ves thereof having antimicrobial activity;

covalently bound br¡dge constructs thereof having antimicrobial activ¡ty;

and

sequences having more than about 75% homology to sa¡d am¡no acid

sequence, such sequences hav¡ng antimicrobial activity, in the manufacture of
a medicament for treating a bacterial infection in an animal or human.

10. Use as claimed in cfaim g, wlrerein the peptide is for administrat¡on in a

concentration of 100 000 AU/ml to 300 000 AU/mt.

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 compositiorr for use in a methocj of treatinq a bacterial

infection in an animal or humân, said sullstance or composition comprising

the cultured Enterococcus mLtndt¡¡ strain as claimed in claim 1, and said

method comprising administering a therapeutically effective amount of flre
substance or composition to the animal or human_

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

sfrain is administered in a concentration of 106 to 10s cfu per ml.

14. A substance or composition as claimed in claim 13, wherein the cultured

strain is administered in a concentration of 108 cfu/ml.

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 a 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 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, which comprises cultivating Enterococcus mundtii
strain ST4SA in a nutrient medium under micro-arophilic conditions at a temperature of
between 10C and 45C, until a recoverable quantity 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 selected from any one or more of the group including: corn steep liquor; cheese
whey powder; MRS broth; yeast extract; and molasses. 5. A process as claimed in claim 4,
wherein the nutrient medium is MRS broth containing 10 to 20 g/I K2HPO4 and/or 15.0 to
20.0 g/1 fructose. 6. Use of a therapeutically effective amount of the cultured Enterococcus
mundiii strain as claimed in claim 1 in the manufacture of a medicament for treating a bacterial
infection in an animal or human.  71 Use as claimed in claim 6, wherein the cultured strain is
for administration in a concentration of 106 to 109cfu/ml. 8. Use as claimed in claim 7,
wherein the cultured strain is for administration ina concentration of 108 cfu/ml. 9. Use of a
therapeutically effective amount 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, in the manufacture of a
medicament for treating a bacterial infection in an animal or human. 



15.

'1).

A substance or composition for use in a method of treating a bacterial

infection in an animal or human, sa¡d substance or composítion comprising an

isolated peptide sefected from the group includ¡ngj

SEQ. ID, NO. 12;

a fragment thereof having antimicrobial activity;

muteins and der¡vatives 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 antim¡crobial activity, and said method

comprising administer¡ng a therapeutically effective amount of the substance

or composition to the animal or humân.

A substance or composition as claimed in claim 15, wherein the isolated

peptide is adm¡nistered in a concentration of 100 000 AU/ml to 300 000

AU/ml.

A substance or composit¡on as claimed in claim 16, wherein the isolated

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

The substance or composition as claimed in any one of claimsl2 to 1 7,

wherein the substance or composition is in the fonn of a liquid formulation,

ointmenf formulation, lotíon formulation, cream formulation, gel formulation,

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

A substance or composition as claimed in any one of claims 12 to 18, wherein

the bacterial infection is an inlection caused by any one or more of:

Acinetobacter baumanii; Bacillus cereus; Clostridium tyrobutyricunt;

Enterobacler cloacae; Escherichia coli; Klebsiella pneumoniae; L¡ster¡a

innocua; Pseudomonas aruginosa ; Staphylococcus aureus; Staphylococcu s

carnosus; Streptococcus caprinus; Sfrepfococcus (Enterococcus) faecalis; or

Stre ptococcu s pne u moniae.

Use of an Ísolated peptide selected from the group including:

16.

17.

18.

.lo

20.

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/ml. 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 comprising administering a therapeutically effective amount of the substance or
composition to the animal or human. 13. A substance or composition as claimed in claim 12,
wherein the cultured strain is administered in a concentration of 106 to 109 cfu per ml. 14. A
substance or composition as claimed in claim 13, wherein the cultured strain is administered
in a concentration of 108 cfu/ml.  '72 15.A substance or composition for use in a method of
treating a bacterial infection in an animal or human, said substance or composition comprising
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, and said method comprising administering a therapeutically effective
amount of the substance or composition to the animal or human. 16. A substance or
composition as claimed in claim 15, wherein the isolated peptide is administered in a
concentration of 100 000 AU/ml to 300 000 AU/ml. 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 composition 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, liquid 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 
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SEQ. ID. NO. 12;

a fragment thereof having antirnicrobial 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 sa¡d amino ac¡d

sequence, such sequences having antimicrobial activity¡n the manufacture of
an antimicrobial agent in the fonn of a liquid, ointment, Iotion, or cream

formulation, liquid spray, lyophilized spray, mouth wash, or gargle.

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

SEQ. ID. NO. 12;

a fragment thereof having antim¡crob¡al activity;

muteins and der¡vat¡ves thereof having antímicrobial activity;

covalently bound bridge constructs thereof having antim¡crob¡al activity;

and

sequences having more than about 75% homology to said amino acid

sequence, such sequences hav¡ng antimicrobial activity in the manufacture of
an antimicrobÍal spray for treatment of sinus infections, sinusitis, rhinitis,

tonsillitis, 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 flagment thereof lraving antimicrobial activity;

muteins and der¡vatives thereof having antimicrob¡al activ¡ty;

covalently bound bridge constructs thereof having antimicrobial activity;

and

sequences having more than about 75% homology to said amino acid

sequence, such sequences having antinricrobiaI activity.

23, A polymer as claimed in claim 22, having included therein the isolated peptirle

of claim I in a concentration of '100 000 AU/ml to 300 000 AU/ml.

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 aruginosa; 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 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 activityin the manufacture of an
antimicrobial agent in the form of a liquid, ointment, lotion, or cream formulation, liquid spray,
lyophilized spray, mouth wash, or gargle. 21.Use 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 in the manufacture
of an antimicrobial spray for treatment of sinus infections, sinusitis, rhinitis, tonsillitis, 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/ml to 300 000 AU/ml.  74 
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74

A polymer as claimed in claim 23, having included therein the isolated peptide

of claim 1 in a concentration of 200 000 AU/mi.

A polymer as claimed in any one of claims 22 lo 24, incorporated into

packaging materials, implants, medical devices, ear grommets, catheters,

ostomy tubes and pouches, stents, suture material, hyg¡ene products, contact

lenses, contact lens rinsing solutions, and wound dressings.

A probiotic composition including a therapeut¡cally effective concentration of a

biologically pure culture of Enterococcus mundt¡¡ strain ST4SA as claimed in

claim 1.

A probiotic compos¡tíon as cla¡med in claim 26 wherein the bacterial slrain is

included in a concentration of about 105 to I 0e viable cells (cfu) per ml of

probiotic composition.

A probiotic composition as cla¡med in claim 27, wherein the bacterial strain is

included in a concentration of about 2 x 1Oe viable cells (cfu) per ml of

probiotic composit¡on.

A probiotic composition as claimed in any one of claims 26 1o 28 wherein the

composit¡on is in the form of a liquid, tablet, capsule, sweet, chewing gum, or

other edible foodstuff.

Use of a probiotic composition as claimed in any one of clairns 26 to 29, in the

tnanufacture of a medicament for reducirrg the levels of pathogenic bacteria or

viruses in an animal or hunran.

Use as claimed

administration in

aninraf or human.

Use as claimed

administration in

animal or human.

in claim 30, wherein the probiotic composition is for

a final concentration of between 103 arrd 106 cfulml tr¡ an

in claim 31, wherein tlre probiotic composition is for

a final concentration of between 105 and 106 cfu/ml to an

/ t't

27.

)o

30

31

J¿

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, medical 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
therapeutically effective concentration of a biologically pure culture of Enterococcus mundtii
strain ST4SA as claimed in claim 1. 27. A probiotic composition as 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 strain is included in a concentration of about 2 x 108 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, capsule, sweet, chewing gum, or
other edible foodstuff. 30Use 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 103 and 106 cfu/rril to an
animal or human. 32. Use as claimed in claim 31, wherein the probiotic composition is for
administration in a final concentration of between 105 and 106 cfu/ml to an animal or human.
75 33. Use as claimed in claim 32, wherein the probiotic composition is for administration in a
final concentration of about 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 pathogenic bacteria or viruses in an animal or human. 35. Use as
claimed in claim 34, wherein the cultured strain is for administration in a concentration of 106
to 109 cfu/ml. 36. Use as claimed in claim 35, wherein the cultured strain is for administration
in 
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use as claimecj irr clainr 32, wlrereirr the probiotic composition ¡s for
administration in a final concentration of about 3 x 105 to an animal or human.

use of a bicrlogically pure culture of strain Enterococcus nundtii as clairned in
claim 1 in the manufacture of a probiotic for reducing the revers of pathogenic
bacter¡a or viruses in an animal or human.

use as claimed ín claim 34, wherein fhe cultured stra¡n ¡s for administration in
a concentration of i06 to 10e cfu/ml.

use as claimed in claim 35, wherein the cultured strain is for administration in
a concenlration of 108 cfulml.

a concentration of 108 cfu/ml. 




