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Abstract

Ceill wall{lactic acid bacteria—sonicated precipitate: LAB-SP) and cytosol (lactic acid bacteria—sonicated super—
natant: LAB~SS) fractions were prepared from kimchi fermenting lactic acid bacteria such as Leuconostoc mesenter—
oides, Lactobacillus brevis, Lactobacillus fermentum, Lactobacillus plantarum and Pediococcus acidilactici, with
Lactobacillus acidophillus isolated from yogurt, Using the Ames mutagenicity test and SOS chromotest system,
the antimutagenic activity of those cell fractions was studied. One hundred eighty nl of LAB-SP from lactic acid
bacteria isolated from kimchi, excepting Pediccoccus acidilactici, supressed the mutagenicity of 4—nitroquinoline—1-
oxide {4~-NQO) in Ames mutagenicity test and SOS chromotest system, by above 90% and 60%, respectively. LAB-SP
from lactic acid bacteria exhibited the antimutagenic activity aganist 2~amino~3,4~dimethyl-imidazo (4,5-f) quinoline
{MelQ) in Ames mutagenicity test, depending on the concentration. Especially, Lactobacillus plantarum which
were isolated from kimchi had the strongest antimutagenicity on MelQ. LAB-SP from lactic acid bacteria also
inhibited the mutagenicity mediated by 3-amino-1-methyl-5H-pyrido [4,3-blindole (Trp-P-2). Lactobacillus
fermentum, Lactobacillus plantarum, and Lactobacillus acidphillus had higher antimutagenicity against Trp-P-2
than the other lactic acid bacteria. However, LAB-55 of lactic acid bacteria did not show any mutagenic activity
against 4-NQO in Ames mutagenicity test and SOS chromotest systems. On the mutagenicity of MeIQ and Trp-P-
2, LAB-SS of lactic acid bacteria from kimchi or dairy products exhibited a weaker inhibitorv effect than LAB-5P
of those bacteria. These results represent that, whether the lactic acid bacteria from kimchi are viable or nonviable,
antimutagenic activity was still effective. We suggest that the strong, antimutaganic activity of lactic acid bacteria

might be found in the cell wall fraction, rather than in the cytosol fraction.
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INTRODUCTION

Lactic acid bacteria are commonly found in the gastroin-
testinal tract of humans and anirmals, in dairy products and nat-
urally on some plant surfaces. Recently, the role of lactic acid
hacteria in the etiology of cancer has received much attention
(1-4). Several studies have investigated that the antitumor ef-
fects were shown by lactic acid bacteria or dairy products in
the animal system. Reddy et al. observed that feeding of yogurt
ar yoguit components containing Streptococcus thermophilus
and Lactobacillus bulgaricus inhibited cell counts and DNA
synthesis in mice implanted with Enrlich ascites tumor cells
(1-3). Epidemiological studies (5) have indicated that consamp-
tion of high levels of cultured dairy products may reduce the
risk of colon cancer. Dietary supplementation of Lactobactilus
acidophilus exhibited the significant reduction of fecal enzymes
associated with colon earcinogenesis in human subjects (6,7)
and experimental animals (89},

It was reported that Lactobacilius acidophilus and Lactoba~
cillus bulgaricus from dairy products had anticarcinogenic
effects and activated the immune system in mice treated with
sarcoma 180 and Ehrlich carcinoma 57 (10). Mitogenic and
immunoadjuvant activity of lactic acid bacteria with respect
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to cellular, humoral immunity has also been reported (11). But
there is no clear answer to the actions of lactic acid bacteria
on tumer and imimunity.

So far, many studies have mainly reported the physiological
effects of lactic acid bacteria which were from dairy products.
But there have been little reports on the antimutagenicity of
lactic acid bacteria from kimchi. Lactic acid bacteria are also
the main microorganism responsible for ripening of kimchi,
a Korean traditional food. Leuconostoc meseniroides initiates
the fermentation of kimchr and is the predominant [actic acid
bacteria in the early fermentation stages (12,13). As the pH
drops to 46-4.9, Leuconostoc mesentroides is relatively inhib-
ited, but other lactic acid bacteria such as Streptococcus
faecalis, Lactobacilius brevis, Pediocoocus cerevisiae, and Leac-
tobaciilus plantarum continue the fermentation process (12-14).

Previously (15), we veported that cell bodies of lactic acid
bacteria isolated from kimchi had antimutagenic effects. This
study focused on the finding of a cell fraction from kimchi
fermenting lactic acid bacteria, which exhibited a strong, an-
timutagenic activity. We prepared cell wall and cytosal fractions
of lactic acid bacteria from kimchi. Using the Ames mutage~
nicity test and the SOS chromotest system, the inhibitory
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activity of those fractions on mutagenicity mediated by several
mutagens were investigated.

MATERIALS AND METHODS

Preparation of cell wall and cytosol fraction from
lactic acid bacteria

Leuroncstoc mesenteroides, Lactobacillus brevis, Lactoba-
cillus fermentum, Lactobacilius plantarum, and Pediococous
acidilactici, which were isolated from kimchi, were obtained
fram Korean Collection for Type Culture. Lactobacillus acid -
ophilius isolated from vogurt was also used. Lactic acid bacteria
{L.A13) were cultured in Difco lactobacilli MRS medium at 37°C
for 24 hours. After centrifugation, LAB were washed with saline
soluticn 2 times and freeze-dried. 20 mg/mi of LAB were son-
icated for 15 minutes (sonicator: ARTEK sonic dismembrator
model 300, 500 W of sonicated LAB samples were dispensed
to an eppendorf tube and added to 500 WL of distilled water. After
centrifugation at 12,200 x g for 30 minutes{4°C}, 800 ul of su-
pernatant was taken as LAB-5S (lactic acid bacteria-sonicated
supernatant, cytosol fraction). 800 ul of distilled water was
added to the residues{200 W) and then used as LAB-SP (Jactic
acid bacteria-sonicated precipitate, cell wall fraction). 45, 90
or 180 ul of LAB-5P, and 180 1] of LAB-SS were added to an
antimutagenicity test.

Antimutagenicity test
Chemicals

4-nitroquinoline-1-oxide (4-NQO) were obtained from Ald-
rich Chemical Co. (USA) and dissclved in distilled water. 2-
amine-3,4~dimethyi-imidazo (4,5-fiquinoline (MelQ) and 3-
amino-1-methyl-5H-pyrido{4,3-blindole{ Trp-P-2) were pur-
chased from Wako Chemical Co. {(Japan) and disselved in meth-
ancl. O-nitrophenyl-b-D-galactopyranoside (ONPG) and P-
nitropheny! phosphate disodium (PNPP) were also obtained
from Sigma Chermical Co. (1ISA). All chemicals used in the
present experiment were steniized through millipore membrane
filtration or were autoclaved,

Treatment of LAB fractions with mutagens

LAR fractions {LAB~SP, LAB-5%) were mixed with direct
mutagens (4-NQO) in a ratic of 9 to 1 (V/V} and reacted at
37°C for 1 hour. 50U of reacted LAB fractions with direct
mutagens were added to the Ames mutagenicity test system.
Treated LAB fractions were diluted 3 times and 20 14 of those
samples were added to the S0S chromotest system.

LAB fractions were mixed with indirect mutagens (MelQ),
Trp-2-P) in a ratlo of 9 to 1 (V/V} and the sarne vokame
of 59 mix was also mixed. After vortexing, those mixed samples
were incubaied at 37°C for 20 minutes. 100 B of treated samples
were added to the Ames mutagenicity test system.

Bacterial strain
Salmonella typhimurium strains which were histidine-
requiring strains, were kindly presented by Professor I3 N,
Ames, University of Califonia, Berkeley, CA, USA, The geno

types of Salmonella tvphimurium strains were confirmed rou-
tinely for their histidine mutation, deep rough (rfz) mutation,
worB mutation and for the presence of the R factor. Escherichia
coli PQ3T/plasmid pKM101 (PQ37) was from the parental strain
(344536 which carried a $fid:lacZ opem fusion due to Mud (Ap
lac) Cis insertion. Escherichia coli PQ3T was also confirmed
routinely for their histidine mutation, deep rough (rfa) muta-
tien, worB mutation and for the constitution of PH(F gene and
the inducibility of sfidlacZ fusion.

Ames mutagenicity test

Sprague-Dawely male rats weighing around 200 g were used
for the preparation of the metabolic activation mixtures. To
induce the rat liver enzymes, aroclor 1254 was diluted in cormn
ol to a concentration of 200 mg/ml. On the 5 th day, the removed
Hvers of the rats were minced in 0.05M of KC}, homogenized
and centrifuged at 9,000 g. Then the supernatant (59 fraction)
was saved and distributed by 2ml portions into plastic Nunc
tubes, frozen quickly and stored Immediately at —80 until used.
The S8 mixes were prepared from the 59 fraction according
to the method by Maron and Ames (16). In all assays, the
components of the 59 mix were 8 mM MgCly, 33 mM sodium
phosphate, pH 7.4 with the 59 fraction in a concentration of 10%.
To test antimutagenicity, a modified method of Matsushima
et al. {17) was used. 0.1 ml of a test strain from an overnight
culture {1-2% 10" cells/ml} and 50 (direct mutagen) or 100
{indirect mutagen) Hl of test samples treated with mutagen as
ahove were added o 2 ml of the top agar, kept at 45°C, and
vortexed for 3 seconds. The entire mmixture was poured on the
minimal agar plate. After incubating for 48 hrs at 37°C, the
revertant bacterial colonies on each plate were counted.

S0S chromotest

The antimutagenicity test was performed by a modified
method of Quillardet and Hofnung (18). Cultured Escherichia
coli PQ3T (2x10° bacteria/ml) in L medium at 37°C were di~
luted with L. medium 10 times. 100 4l of diluted Escherichia
coli PQ37 were disposed to 2 series of 96 well microplate
containg 20 l of test samples treated with mutagens and then
cultured at 37°C for 90 minutes. For B-galactosidase assay, 100
ul of ONPG was added in one series. 100 1l of PNPP was dis-
posed to the other series for alkaline phosphotase assay. After
10 minutes, the color developments were terrinated by the
addition of 1.5 M Na,COs (100 ul} and 1M HC1 (50 ul), for B-
galactosidase and alkaline phosphotase assay, respectively.
Following 5 minutes, the pH in alkaline phosphotase assay
system was changed again by adding 50 il of 2 M Tris buffer.
The absorbance of each plate were read at 420 nm. The units
of enzyme activites were calculated according to the following
formula: Eu={1000 X Asp)/t (min)

Statistical analysis

Data were presented in means £SD after one-way ANOVA
analysis. Significant differences of treatment from the control
were defermined by using the Student’s ¢ test {19).
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RESULTS AND DISCUSSION

Previously, it was observed in our laboratory that hole cells
of {actic acid bacteria isolated from Aimichi have antimufagenic
effects, In this study, we prepared cell wall (LAB-SP) and cyto-
sol (LAB-3S) fractions of lactic acid bacteria. The aniimuta-
genic activities of those fractions of lactic acid bacteria from
kimchi were tested in the Ames mutagenicity test and the SOS
chromotest systems, These results provide additional informea-
tion regarding the antimutagenic properties of lactic acid
bacteria.
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Fig. 1. Antumutagenic activity of lactic acid bacteria-sonicated pre-
cipitate (LAB-SP, 1l/200 ul) against 4-nitroquinoline—1-oxide (4-NQO,
0.15 ugz/plate) on Saimonelia typhimurium TAI. Spon.: spontaneous,
acl Lactobacillus acidophillus, mes: Leuconosioc mesenteroides, bre:
Lactobacifius brevis, fer: Lactobacifius fermentum, pla: Lactobacillus
Plantarum, Ped: Pediccoccus acidilactic, Con: contrel "Significantly
different from control by student’s ¢ test (p<0.05).
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Fig. 2. 530S response of 4-nitroquinoline~1-oxide (4-NQO, 0.02 ug/
assay) treated with lactic acid bacteria-sonicated precipitate (LAB-
SP, /200 u1). The abbreviations are the same as shown in Fig. 1,

Antimutagenic effects of cell wall fractions (LAB-
SP) from lactic acid bacteria
Fig. 1 shows that cell wall fractions (LAB-SP) from Iactic

acid bacteria supressed the mutagenicity of 4-NQO. Except for
Pediococcus acidilactici, Leuconostoc mesenteroldes, Lacto-
bacillus brevis, Lactobacillus fermentum, Lactobacillus plan—
tarum which were isolated from kimchi, had strong, antimu-
tagenic activity as well as Lactobacillus acidophillus isolated
from yogurt, 180 1l of LAB-5P from those Jactic acid bacteria
inhibited the mutagenicity of 4-NQO by above 90%.

In the SOS chromotest system, LAB-SP from lactic acid
bacteria decreased the SOS response of 4-NQO by above 6%
compared to control (Fig. 2). But Pediococcus acidilactici did
not exhibit any antimutagenicity. These results were the same
as those in the Ames mutagenicity test.

LAB~SP from lactic acid bacteria exhibited antimutagenic
activity aganist MelQ) (Fig. 3), depending on the concentration.
Lactobactlius plantarum which was isolated from kimchi, es—
pecially, had the strongest antimutagenicity aganist MelQ) even
with the addition of 45 1.

As shown in Fig. 4, LAB-SP from lactic acid bacteria also
inhihited the mutagenicity mediated by Trp-P-2. Lactobacillus
fermentum, Lactobacillus plantarum and Lactobacillus acid-
phillus had higher inhibitory effects on the mutagenicity of Trp-
P-2 than the other lactic acid bactenia.

Antimutagenic effects of cyloso! fractions (LAB-SS)
from lactic acid bacteria

As shown in Table 1 and 2, three kinds of lactic acid bac—
teria from kimchi did not exhibit any mutagenic activity in
the Ames mutagenicity test and the SOS chromotest systems.
Therefore, it was proposed that the antimutagenic effects of
lactic acid bacteria from kimchi aganist 4-NQO as described
in previcus study were in part due to the antimutagenic activity
of cell wall, not cytosol.

On the mutagenicity of MelQ, LAB-5S from kimchi ex—
hibited weaker, inhibitory effects than LAB-SP of those bac—
teria (Table 3). The antimutagenicity of lactic acid bacteria
might be due mainly to the action of cell wall. But it seems
that the antimutagenic components aganist MelQ) is also pres-
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Fig. 3. Antimutagenic activity of lactic acid bacteria-sonicated
precipitate (LAB-SP, wl/200 ul) against S9 activated 2-armino-3,4-
dirnethyl-imidazo (4,5-f) quineline (MelQ, 0.01 ug/plate) on Salmonelia
typhimurium TASR, The abbreviations are the same as shown in Fig.
1. "Significantly different from control by student’s ¢ test (p<0.05}
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ent in cytosol of those bacteria.

Table 4 shows the entimuiagenic activity of LAB-5S aganist
Trp-P-2 in the Ames mutagenicity test. LAB-3S of lactic acid
bacteria from kirmehi or dairy products inhibited the mutagenici-
tv of Trp-P-2 by above 40%. But their antimutagenic activities
of cytosol were also less than those of LAB-5P. Pediccoccus
acidifactici suppressed the mutagenicity of Trp-P-2 by only
10%.

In previcus reports, kactic acld bacteria from dairy products

Revertants/plate

Pig. 4. Antimutagenic activity of lactic acid bacteria-sonicated pre -
cipitate (LAR-SP, 41/200 w1} against 89 activated 3~amino-1 -methyl-
SH-pyridol4,3-blindole (Trp-P2, 0.05 ug/plate) on Salmonelia typhir
wrivm TAY3. The abbreviations are the same as shown in Fig. L
“Significantly different from control by student’s ¢ test (p<0.05),

Table 1. Effect of lactic acid bacteria-sonicated supernatant (LAB-
S8) on the mutagenicity induced by 4-nitroquineline-1-oxide (4-
NQO, 0.15 ug/plate) in Salmenella typhimurivm TAI00

Revertants/  Inhibition ratio

Sarmnples (/200 i) slate o
Spontanecus ezt W
Control 1109 =181 0
Lactobgriilus acidophilius {180 1163£33 -6

(90} 123263 -13
Leuconostoc mesenteroides (180) 129629 -14
o 945 +74 17
Lactobacilius plantarum {180} 1124:£81 -2
(5] 1192+11 -9

o
"Walpes are means=SD

Table 2. 50S response of 4-nitroquincline- 1 -oxide (4-NQO, 0.02
ug/assay) treated with lactic acid bacteria-sonicated supernatant
(LAB- S5, 180 pl/200 ul)

3 1 2 Inhibition

Sample Ao Eu ratio (96)
Spontaneous Q0.172 17.2 100
Control 0.334 334 0]
Lactobactiius acidophillus 0.333 333 ]
Leuconostoc mesenteroides 0329 329 3
Lactobacillus brevis 0.340 34.0 -4
FLactobacillus fermentum 0.335 335 -1
Lactobacillus plantarum 0.328 328 4
Pediococeus acidilacticn 0.329 325 3

E‘Am is the optical density at 420 nm
LU means enzyme umit. Eu=(1000% Awod/10 min

exhibited antimutagenic activity aganist N-nitrosodiethylamine
{20}, Pogdanov et al, {21) reported that the peptidoglycan of
the cell wall in Lactobacillus delbrueckii subsp. bulgaricus was
the major compound that suppressed tumor formation. This
peptidogivean was a compositional compound ir: the cell wall,
and this compound was combined with muramyl peptide.
Muramy! dipeptide and its denvatives stimulated superoxide
anion and HzOr production by the macrophage. Chung (22} also
reported that the feeding of a cell wall fraction of Lactobacilius
plantarum activated the phagocytic activity of macrophage in
mice. The polysaccharides binding by phosphodiester to the
muramic acid in the cell wall exhibited the immune activity.
This kind of binding showed the strong, antitumor activity
to ascite and solid turmors in mice.

B-(luronidase, nitroreductase and azoreductase are the main
human intestinal baclerial enzyme that stimulate the conver—
sion of precarcinogen to carcinogen (23). It was reported that
the feeding of Lactobaciilus decreased the activites of these
enzymes (24,25). Oh et al. (26} indicated that low incidence of
colon cancer in Korea is due to the consumption of kimchi,
which reduced the activities of B-glucuronidase and nitro-
reductase.

These results as above in this study represent that, whether
limehi fermenting lactic acid bacteria were viable or not, their

Table 3. Effect of lactic acid bacteria—sonicated supernatant (LAB-
85} on the mutagenicity induced hy 59 activated 2-amino-34-
dirnethyl-imidaza (4,5-0) quinoline (MelQ, 0.01 tg/plate) on Saimo-
nelly tvphurmurium TASR

Samples (180 11,200 1) Rev;;t;nts/ [nhiblt;(;l’)] ratio
Spontaneous i8+5” 100
Control 991 +62 0
Lactobacilius acidophillus 7RL4d 22
Leuconostoc mesenieroides 9231142 7
Lactobacillus brevis 11607123 -1t
Lactobactiius fermertum 9B TI0 2
Lactobacillus plantarum fa0+32" 17
Pediococeus acidifacticl 90 %02 9

YWalues are means ™ SD
"Significantly different from control by student’s ¢ test (p<0.05)

Table 4. Effect of lactic acid bacteria-sonicated supernatant (LAB~
$8) on the mutagenicity induced by S9 activated 3~amino-1-
methyl-5H-pytidol4,3-blindole (Trp-P2, 0.05ze/plate) on Safmo-
nelle typhirmurium TASR

Revertants/  Inhibition ratio

Samples (180 11,200 ul) olate (04)
Spontanecus 186" 100
Control 15138 0
Lactobactllus acidophillus /0332 &7
Leuconostoc mesenteroides 784267 49
Lactobacillus brevis 6448 58
Lactobacillus fermentum 841269 45
Lactobacillus plantarum 88626 42
Pediococcus acidilactict 13584+11° 10

D" The explanation is the same as shown in Table 3.
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antimutagenic activities were still effective at least as much
as those of yogurt fermenting bacteria It was thought that
the antimmitagenic activity of the cell wall fraction was stronger
than that of the cytosol fraction in lactic acid bacteria from
kimchi. We suggest that the antimutagenic components of
those bacteria might be mainly present in the cell wall fraction
rather than the cytosol fraction.

But, the question of how the cell wall fraction of lactic
acid bacteria from kimchi or dairy products exhibited the
antimutagenic activity remained to be investigated. Further
research regarding the antimutagenic compounds and their
mechanism of lactic acid bacteria will have to be continued.
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