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1. Introduction

Human dental plaque, which is critical in the
pathogenesis of dental caries and periodontal dis-
ease, is mainly composed of oral bacteria and some of
non-cellular materials such as glucan and fructan 2.
Among microorganisms in dental plaque, Strept-
ococcus mutans is primarily a concern of the etiology
of human dental caries **. S. mutans has a high
ability to form cariogenic dental plaque on tooth sur-
face through de novo synthesis of water-soluble and
water-insoluble glucan from sucrose by the action of
glucosyltransferase (GTF: EC 2.4.1.5) *”. The stick-
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iness of water-insoluble glucan promotes bacterial
adherence and accumulation on tooth surface %, fol-
lowed by the formation and growth of dental plaque,
which is a large bacterial successive community.
There have been a lot of efforts to inhibit the
growth of S. mutans and formation of dental plaque
including chlorhexidine, antibiotics, triclosan, and

1% Also there have been reports on

sanguinarine
enzymatic reduction of dental plaque by use of glu-
canase, which is hydrolyzing dextran or mutan %,
However, despite the significant advances in the con-
trol of dental caries and periodontal disease, these
remain widespread and costly to be treated. Thus,
for the effective and economic prevention of dental
caries and periodontal disease, it s necessary to de-
velop a new method for the inhibition of plaque for-
mation.

The growth inhibition of one bacterial species by
another is a well-recognized mechanism as bacterial




antagonism. Lactic acid bacteria (LAB) have been
suggested to protect the gastrointestinal systems
from many other pathogenic infections in human and
animals. It has been reported that LAB can kill
pathogens, detoxify carcinogens, metabolize choles-
terol, and enhance the immune response %,
Against the pathogenic bacteria, LAB shows antibac-
terial aétivity by producing the bactericidal com-
pounds like organic acids lowering pH **', low-mole-
cular weight bacteriocins **”, and H202 **¥. Thus
LAB has been vigorously challenged for the use in
probiotics whose concept was evolved from a theory
first proposed by Elie Metchnikoff, who suggested
that the long life span of Buigarian peasants resulted
from their consumption of fermented milk products
containing LAB *. But, there has no report on the
LAB for probiotic application to S. mutans.

In this study, we have.isolated and identified the
LAB, which inhibited the biofilm formation by S. mu-
tans Ingbritt, from kimchi, Korean traditional veg-
etable food that many LAB inhabit. Furthermore,
the inhibitory mechanism of action was also investi-
gated.

I . Materials and Methods
2. 1. Bacterial strains and media

Streptococcus mutans Ingbritt was grown at 37T
in brain heart infusion (BHI., Difco Laboratories,
Detroit, MI, USA) or M17 (Difco) medium. LAB iso-
lated from homemade kimchi was cultured in MRS
(Difco) or Rogosa (Difco) media. These bacterial
strains were stored at -70C in appropriate broth
with 20 % glycerol and the stock cultures were prop-
agated twice in BHI or MRS broth for 18 h before
each experimeht.

2. 2. isolation of LAB from kimchi

Homemade kimchi was used as the source of LAB.
About 1.0 g per each kimchi sample from total 497
samples were soaked in 10 ml of MRS broth and the
supernatant fluid was serially diluted with sterile
0.9% NaCl solution and spread on MRS agar. After
incubation at 37C for 48 h, the colonies were picked
up and subcultured on fresh MRS agar plates. After
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grown at 37C for 24 h, LAB was successively trans-
ferred on MRS agar several times until pure colonies
were obtained. The isolated strains were stored at -
70%C in MRS broth with 20 % glycerol. Before used
in each experiment, LAB was propagated twice in
MRS broth overnight.

2. 3. Agar spot test

The entire isolated LAB was tested for their capac-
ity to inhibit the growth of S. mutans Ingbritt. S.
mutans Ingbritt (1x10° CFU) was inoculated in 3ml
of medium A (mixture of equal volume of BHI and
MRS with 0.1 M of MES (2-(N-Morpholino) ethane-
sulfonic acid Monchydrate, pH 6.5) containing 0.7 %
agar, and then transferred to the same medium.
After the liquid of the plates was absorbed, each iso-
lated LAB was spotted on the agar overlaid with S.
mutans Ingbritt with toothpicks. These plates were
incubated at 37C for 24 h and the inhibition zone
around the LAB. spot was examined. The LAB
colonies surrounded by clear zone were selected for
next experiments.

2. 4. Isolation of LAB inhibiting the biofilm for-
mation

The employed test system was a modification of the
technique described by McCabe et al.*”. We named
this test system Beaker-wire test . The 0.016-inch
stainless steel wires (Ormco, Glendora, CA, USA)
were inserted in cork stoppers and suspended in
beakers containing 40 ml of medium A containing 5
% sucrose. Equal amount of S. mutans Ingbritt
strain and LAB selected from agar spot test were in-
oculated into medium A without 5% sucrose. S mu-
tans Ingbritt strain without LAB was inoculated for
control. After incubation at 37T for 24 h, the wires
were examined for selecting the LAB which inhibited
the biofilm formation. To confirm the inhibitory ef-
fects of the selected LAB, the same experiments were
repeated three times and the biofilm on the wires
were weighed. Only one LAB completely inhibited
the biofilm formation by S. mutans Ingbritt. We
named this isolated LAB 'K1270" .
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2. 5. Inhibition test for the formation of insoluble
glucan and the replication of S. mutans
Ingbritt

The synthesis of insoluble glucan by S. mutans
Ingbritt was measured by determining the optical
density at 550 nm, as described previously®*”. The
isolated K1270 and S. mutans Ingbritt which were
grown in MRS and M17 broth, respectively, were in-
oculated into 3 ml of medium A containing 5 % su-
crose in disposable cuvettes and placed at 30 C for
24 h, the culture supernatant was discarded and the
pellet was washed twice gently with phosphate
buffered saline (PBS). For a quantitative analysis,
the optical density of insoluble glucan was measured
at 550 nm by spectrophotometry (Pharmacia Co.,
Peapack, N.J., USA) after resuspended with 3 ml of
PBS. Under the same condition, the number of viable
S. mutans Ingbritt mixed with or without K1270
were counted on Mitis-Salivarius agar containing 0.2
U/ml of bacitracin (MSB).

To find the effect of culture supernatant of K1270
on the biofilm formation and the replication of S.
mutans Ingbritt, the culture supernatant of K1270
grown in MRS broth at 37C for 24 h was centrifuged
at 4,000 rpm for 10 minutes, adjusted to pH 6.5 by
adding of 5 N NaOH, and sterilized by filtration with
0.45 um pore-sized filter. The supernatant with or
without treatment of heat at 65 for 30 minutes or
trypsin at 37C for 5 minutes 0.25mg/ml) was added
into the equal amount of 2 X M17 broth containing 5
% sucrose and 0.1 M of MES in cuvettes which
would be placed at 30 C for 24 h, insoluble glucan
was measured at 550nm just as described above. To
find the effect of supernatant on bacterial replication
under the same condition, the number of. viable
colonies of S. mutans Ingbritt was also counted on
MSB agar plates.

2. 6. pH adjustment

Despite the addition of 0.1 M of MES into medium
A to exclude the effect of organic acid, the pH of the
culture fluid was maintained at pH 6.5 by adding 5
N NaOH every an hour. After 9 h incubation with or
without pH adjustment, the weight of biofilm on or-
thodontic wires was measured. The series of above
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experiments were repeated three times.
2. 7. H202 production test

K1270 was inoculated onto MRS agar supplement-
ed with 0.25mg/ml of TMB (3, 3, 5, 5-tetramethylben-
zidine, Sigma, St Louis, MO, USA.) and 0.01mg/ml of
peroxidase (Sigma), incubated at 37C for 24 h under
anaerobic condition. H202 production was determined
by observing the color change of K1270 strain into
blue. To find whether inhibiting substance against
biofilm formation was H20z, catalase(10,000 U or
20,000 U) was added into culture mixture of S. mu-
tans Ingbritt and K1270, and then beaker-wire test
was carried out. The biofilm on wires were weighed
after 24 h incubation at 37°C. The viable cells of S.
mutans Ingbritt in culture mixture were also counted
on MSB agar after serially diluted.

2. 8. The characterization and identification of
K1270 strain

The isolated K1270 was identified based on
Bergey's Manual of Systematic Bacteriology by
Sneath et al.*¥, carbohydrate fermentation pattern
using the API-50 CHL system(BioM’s instructions).
Changes in color from violet were monitored after 24
h and 48 h. The results of carbohydrates fermenta-
tion were analyzed by APILAB PLUS software ver-
sion 3.2.2.

2. 9. Chromosomal DNA extraction

Chromosomal DNA of K1270 was extracted as de-
scribed previously®. Two-hundred ml of the culture
was harvested, resuspended in 0.3ml of TE buffer
(10 mM Tris, 1 mM EDTA, pH 7.5), incubated at 65
T for 20 min, and added to a mixture of lysozyme-
mutanolysin (40 mg/m! lysozyme, 200 U/ml mu-
tanolysin) for 1 hour at 37C prior to the addition of
10% sodium dodecyl sulfate and proteinase K (20mg/
ml). The mixture was added to a CTAB (hexade-
cyltrimethyl ammonium bromide)/NaCl solution, in-
cubated for 10 min at 65C, and extracted with an
equal volume of phenol/chloroform/isoamyl alcohol
(25:24:1) mixture. The crude DNA fraction was re-
covered using a o0.6-fold volume of isopropanol. The



precipitated DNA was washed, dried, and resuspend-
ed in the TE buffer. Purity was determined by calcu-
lating A260/A280 ratios, and DNA concentration was
obtained from the A260 values by spectrophotometry
(Pharmacia).

2. 10. PCR amplification of 16S rDNA and Partial
sequencing

The 16S rDNA was amplified from the chromoso-
mal DNA, as prepared above, using a- PCR. The
oligonucleotide primers for PCR amplification were
designed to include sequences of a region known to
be highly conserved between species**’. The se-
quences of the PCR primers used were 5 -
AGAGTTTGATCMTGGCTCAG-3" (nucleotide posi-
tions 8 to 27 of the Escherichia coli 16S rRNA gene)
and 5 ~AAGGAGGTGWTCCARCC-3" (nucleotide po-
sitions 1,606 to 1,522 of the Escherichia coli 163
rRNA gene). The PCR reaction was performed using
a thermal cycler (Perkin-Elmer 9700) for 30 cycles.
The amplification program was as follows: denatura-
tion at 94C for 30 sec, primer annealing at 50C for
30 sec, and extension at 72°C for 5 min. The ampli-
fied PCR products were recovered and purified using
a Wizard PCR Preps DNA Purification System
(Promega). The purified PCR products were se-
quenced with an automatic DNA sequencer (ABI
310, Perkin-Elmer) using the primer 5 -
AGAGTTTGATCMTGGCTCAG-3" (nucleotide posi-
tions 8 to 27 of the Escherichia coli 16S rRNA gene).

II. Results

3. 1. Isolation of K1270 inhibiting the biofilm
formation

From kimchi, 1,300 strains were isolated. Several
strains including K1270 of them showed growth in-
hibitory effect on S. mutans Ingbritt. As shown in
Figure 1, K1270 inhibited the growth of S. mutans
Ingbritt and displayed clear zone around them when
spotted on BHI agar previously overlaid with S. mu-
tans Ingbritt. Of several strains inhibiting the
growth of S. mutans Ingbritt, K1270 was proved to
have strong inhibitory effect on the biofilm formation
by Beaker-wire test. When the amount of biofilm
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produced on wires both in the control and in the ex-
perimental group was compared, K1270 inhibited the
biofilm formation up to 94.6 % (Fig. 2). This experi-
ment suggests that K1270 isolated from kimchi has
the remarkable capability to inhibit the biofilm for-
mation by S. mutans Ingbritt.

3. 2. Inhibition of the formation of insoluble glu-
can and the replication of S. mutans
Ingbritt by K1270

The amount of insoluble glucan in the experimental
group was decreased when compared to the control
group. In this experiment, as shown in Figure 3,
K1270 inhibited the production of insoluble glucan to
89.6 %. It was shown that K1270 inhibited the repli-
cation of 8. mutans Ingbritt. By the effect of K1270,
viable cells of S. mutans Ingbritt were decreased by
about 20 folds after incubation for 9 h at 37C and
100 folds for 24 h (Table 1). These results indicated
that the inhibitory effect of K1270 resulted from
killing S. mutans Ingbritt in some degree.

3. 3. Acid effect on the biofilm formation

To rule out the effect of organic acid, pH of culture
in which 8. mutans Ingbritt and K1270 were growing
was maintained at pH 6.5 by adding 5 N NaOH.
Despite of neutralization of culture supernatant,
K1270 still inhibited the biofilm formation by S. mu-

L L o

Fig. 1. The effect of K1270 isolated from kimchi on the
growth of Streptococcus mutans Ingbritt. Clear zone
was shown around the spot of K1270 after 24 h-
incubation at 37T by the result of growth inhibition of
S. mutans Ingbritt.
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Fig. 2. The effect of K1270 on the biofilm formation by S. mutans Ingbritt. The biofilm formation in the experimental group in
which S. mutans Ingbritt was cocultured with K1270 was completely inhibited when compared to the control group cultured

without K1270. This experiment was repeated three times.
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Fig. 3. The effect of K1270 on the production of insoluble glucan by S. mutans ingbritt. The medium A was inoculated with S.
mutans Ingbritt with or without K1270, and incubated at 37 € for 24 h, placing 30 angle to horizontat plane. The biofilm
formation was decreased in the mixed culture of S. mutans Ingbritt and K1270 than in S. mutans Ingbritt alone. This

experiment was repeated three times.

tans Ingbritt (Fig. 4). The viability of S. mutans
Ingbritt cocultured with K1270 in medium A was not
affected by the pH adjustment (data not shown).
This suggests that the inhibitory substance of K1270
is not organic acid.

3. 4. H202 production by K1270 and the effect of
catalase

It was found that K1270 produced Hz202 by observ-
ing blue color of colony on MRS agar supplemented
with TMB and peroxidase after incubation for 24 h
at 37C under anaerobic condition. When 10,000 U or
20,000 U of catalase was added into the culture mix-
ture including S. mutans Ingbritt and K1270, the
amount of biofilm was increased by 11 % or 15 %
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when compared to the group without catalase.
Namely, the inhibitory effect of K1270 on the biofilm
formation was reversed by the addition of catalase in
some extent. This experiment indicated that K1270
produced H202 to kill S. mutans Ingbritt, and in
turn, it inhibited the biofilm formation.

3. 5. The effect of culture supernatant

As shown in Figure 5, the supernatant of K1270
inhibited the biofilm formation. The biofilm was de-
creased by about 50 % in experimental group than in
control group. This effect was not affected by the ad-
dition of catalase but disappeared completely by
trypsin treatment (0.25 mg/ml) at 37C for 5 min-
utes or heat treatment at 65C for 30 minutes. The
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Fig. 5. The effect of culture supernatant of K1270. The
supernatant of K1270 incubated in MRS broth at 37¢C
for 24 h was prepared and mixed with the equal
amount of 2 X M17 broth containing 5% sucrose and
0.1 M of MES. Beaker-wire test was employed for 24 h
at 37°C to measure the biofilm formation after the
addition of S. mutans Ingbritt with or without heat or
trypsin treatment. (A) S. mutans Ingbritt (SM) (B) SM
+ culture supematant of K1270 (Sup) (C) SM + Sup
+ catalase (20,000U) (D) SM + Sup treated at 65C
for 30 minutes (E) SM + Sup treated with 0.25mg/ml
of trypsin at 37T for 5 minutes. This experiment was
repeated three times.

supernatant also showed the inhibitory effect on the
multiplication of S. mutans Ingbritt (data not
shown). These results suggested that K1270 excrete
bacteriocin as well as hydrogen peroxide into culture
medium, thus leading to inhibition of the biofilm for-
mation by killing S. mutans Ingbritt.

3. 6. The characterization and identification of
‘K1270

The isolated K1270 was nonmotile, non-spore
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Fig. 4. The effect of pH adjustment on the biofilm
formation. The pH of the culture fluid was maintained at
pH 6.5 by adding 5 N NaOH every an hour. After 9 h,
the weight of the biofillm on orthodontic wires was
compared in each group. This experiment was
repeated three times.

Table 2. Carbohydrate fermentation of isolated K1270
D-Arabinose, I-Arabinose, Ribose, bMethyl-
xyloside Galactose, D-Glucose, D-Fructose, N
Acetyl glucosamine, Amygdaline, Arbutine,
Esculine, Cellobiose, Maltose, Melibiose,
Saccharose, Trehalose, D-Raffinose, D-
Tagatose

Glycerol, Etythritol, D-Xylose, L-Xylose,
Adonitol, D-Mannose, L-Sorbose Rhamnose,
Dulcitol, Inositol, Mannitol, Sorbitol, a
Methyl-D-mannoside, a Methyl-D-glucoside,
Lactose, Inuline, Melezitose, Amidon,
Glycogen, Xylitol, b Gentiobiose, D-Turanos,
D-Lyxose, D-Fucose, L-Fucose, D-Arabitol,
L-Arabitol, Gluconate, 2 ceto-gluconate, 5 ce-
to-gluconate

Fermented

Not fermented

forming, Gram-positive, and catalase-negative cocci.
Optimal temperature for growth was at 37C. But it
also grew at 50T not at 15T at which most LAB
replicate well. In addition, it grew in the media con-
taining 6.5% NaCl. It produced hydrogen peroxide.
The pattern of carbohydrate fermentation of K1270
was summarized in Table 2. The 16S rDNA sequence
containing

764 nucleotides is shown in Table 3. This sequence
exhibited a high level of similarity (98.42%) to the
Pediococcus pentosaceus sequence. Based on the 16S
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Table 3. Partial sequence of 16S rDNA of isolated K1270

GCTGGCGGGCGTGCCTAATACATGGCAGTCGAACGAACTTCCGTTAATTGATTATG
ACGTACTTGTACTGATTGAGATTTTAACACGAAGTGAGTGGCGAACGGGGTGAGT
AACACGTGGGTAACCTGCCCAGAAGTAGGGGATAACACCTGGAAACAGATGCTAAT
ACCGTATAACAGAGAAAACCGCATGGTTTTCTTTTAAAAGATGGCTCTGCTATCAC
TTCTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGC
AGTGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGACACGGC
CCAGACTCCTACGGGAGGCAGCAGTAGGGGAATCTTCCACAATGGGACGCAAGTCT
GATGGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGT
TAAAGAAGAACGTGGGTAAGAGTAACTGTTTACCCAGTGACGGTATTTAACCAGA
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTA
TCCGGATTTATTGGGCGTAAAGCGAGCGCAGGCGGTCTTTTAAGTCTAATGTGAAA
GCCTTCGGCTCAACCGAAGAAGTGCATTGGAAACTGGGAGACTTGAGTGCAGAAGA
GGACAGTGGAACTCCATGTGTAACGGTGAAATGCGTAAATATTTGGAAGAACACC

AGTGGCGAAGGCGGCTGTCTGGTCTGCAACTGACGCTGAGGCTC

rDNA sequence as well as cultural and biochemical
characteristics, the isolated K1270 was identified as
Pediococcus pentosaceus and named Pediococcus
pentosaceus K1270.

V. Discussion

LAB is commonly found in dairy products, plants,
and fermented vegetables such as kimchi as well as
in the gastrointestinal tract of humans and animals.
Kimchi is a major traditional Korean vegetable food
and has been reported to have many beneficial ef-
fects, including the prevention of colon cancer, the
improvement of bowl movement, antimutagenic, and
anticancer affects***®. More than 30 species belonging
to different genera of LAB have been reported in
kimchi**. The LAB counts of optimally ripened
kimchi {(pH 4.3) are about 108 CFU/ml. Thus, we
selected kimchi as LAB source. In our study, among
1,300 colonies grown on MRS and Rogosa SL media,
which were isolated from 497 kimchi samples, one
LAB excellently inhibiting the biofilm formation was
isolated and identified.

Among the oral microorganisms, S. mutans is con-
sidered to be causative agent of dental caries. In this
study, S. mutans Ingbritt classified as serotype c and
highly associated with caries prevalence in worldwide

632

was used for biofilm formation. Our experiment
showed that the isolated K1270 inhibited the biofilm
formation by S. mutans Ingbritt completely (Fig. 2).
Moreover, the formation of insoluble glucan was in-
hibited up to 89.6 % by K1270 when compared to
the control group (Fig. 3). Insoluble glucan is highly
adherent extracellular carbohydrate, which promotes
the firm adherence and accumulation of oral bacteria
on tooth surface’”. Thus, it is considered that the
ability of K1270 to inhibit the formation of insoluble
glucan acts a great role in the prevention of dental
plaque-induced oral diseases, such as dental caries
and periodontal disease.

LAB is known to have antimicrobial activity by
producing some organic acid®®*®, hydrogen perox-
ide™™, and bacteriocins®****”. We find out that the
inhibitory effect on biofilm formation resulted from
not organic acid but hydrogen peroxide and bacteri-
ocin produced by K1270. It was known that many
LAB produced significant amounts of hydrogen per-
oxide during aerobic growth®”. In fact, several species
of lactobacilli and oral streptococci have been shown
to produce 1.0 mM to 10 mM of H202 in liquid cul-

U Among oral bacteria, it has been well known

ture
that H202-producing oral streptococci, such as S.
oralis, Streptococcus mitis, and Streptococcus san-

guis, inhibited the growth of periodontopathogens



such as Porphyromonas gingivalis®. In this study, it
was observed that K1270 produced H202. Moreover,
K1270 inhibited the growth of S. mutans Ingbritt not
producing hydrogen peroxide, while K1270 had no ef-
fect on the replication of S. oralis that excreted hy-
drogen peroxide. S. oralis did not inhibit the multi-
plication of K1270 either (data not shown).
Therefore, the inhibitory effect of K1270 on the
biofilm formation resulted from the killing effect on
S. mutans Ingbritt, partly.

Pediococci are lactic acid bacteria often found living
in association with dairy products, plant material,
and foods fermented by LAB*™™ . It has been reported
as the dominant microbial population on forage crops
and silage. In this study, we isolated and identified
Pediococci from kimchi. Following examination by
cultural and biochemical, and analysis of 16S rDNA
sequence, this isolated Pediococci was identified as
P. pentosaceus K1270. P. pentosaceus has been re-
ported that it produced bacteriocin like pediocin and
exhibited inhibitory effect against species of
Lactobacillus, Lactococcus, Enterococcus, and
Listeria, etc®*”. In this study, the supernatant of P.
pentosaceus K1270 showed the inhibitory effect on
the multiplication of S. mutans Ingbritt (data not
shown) and also inhibited biofilm formation by S.
mutans Ingbritt. Furthermore, this effect was slight-
ly reduced by the addition of catalase and completely
abolished with heat or trypsin treatment (Fig. 5).
This indicates that the inhibitory effect of K1270 re-
sulted from bacteriocin as well as hydrogen peroxide.

V. Conclusion

One LAB inhibiting the biofilm formation by S.
mutans Ingbritt was isolated from kimchi and identi-
fied based on the cultural, physiological, and bio-
chemical characteristics as P. pentosaceus K1270.
This strain was examined to have strong inhibitory
activity on biofilm formation by S. mutans Ingbritt
through the production of both hydrogen peroxide
and bacteriocin. Therefore, P. pentosaceus K1270
could be proposed as bioprotective agents for the con-
trol of the formation of oral biofilm if the ability to
colonize oral cavity and its safety for application are
approved.
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Abstract

INHIBITION OF BIOFILM FORMATION
BY PEDIOCOCCUS PENTOSACEUS K1270 ISOLATED FROM KIMCHI

Woi-Im Choi, Su-Ji Han*, Shin Kim

Department of Pediatric dentistry, College of Dentistry, Pusan National University
Center of Pharmacokinetics Department of Pharamceutical sciences,
School of Pharmacy University of Pittsburgh USA *

Pediococcus pentosaceus K1270 was isolated from naturally fermented kimchi and identified based on the 168
rDNA sequence as well as cultural and biochemical characteristics. This strain strongly inhibited the formation
of biofilm by Streptococcus mutans Ingbritt. K1270 also showed antibacterial activity against S. mutans Ingbritt.
It was observed that K1270 strain produced hydrogen peroxide on MRS agar supplemented with 3, 3, 5, b-
tetramethylbenzidine (TMB) and peroxidase and the inhibitory effect of K1270 strain on the biofilm formation
was reversed by the addition of catalase in part. Culture supernatant of K1270 inhibited the biofilm formation
and the multiplication of S. mutans Ingbritt. This inhibitory effect of culture supernatant was decreased slightly
by the addition of catalase and abolished by heat or trypsin treatment. Thus, this study suggests that P. pen-
tosaceus K1270 inhibit the biofilm formation through the inhibition of the replication of S. mutans Ingbritt by
producing hydrogen peroxide and bacteriocin.

Key words : Biofilm, Kimchi, Inhibition of dental plaque, S. mutans, P. pentosaceus
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