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Abstract

Various lactic acid bacteria were isolated from Korean Dongchimi (whole radish Kimchi with added water) in order to

study their antimutagenic activity. Ames test using Salmonella enterica serovar typhimurium TA98 and TA100 showed the
strain DLAB19 to have the highest antimutagenic activity among the 300 isolated strains against MNNG (N-methyl-N'-
nitro-N-nitrosoguanidine), NPD (4-nitro-O-phenylenediamine), 4-NQO (4-nitroquinoline-1-oxide} and AFB; (aflatoxin By).
The strain was identified as Leuconostoc mesenteroides subsp.- cremoris according to the Bergey’s Mannual Systematic

Bacteriology based on its morphological, cultural, physiological characteristics and biological system. Antimutagenic

activity of Leu. mesenteroides subsp. cremoris DLAB19 was found in the culture supernatant suggesting the bacterium

secretes, the antimutagenic substance in the media. The antimutagenic activity of Leu. mesenteroides subsp. cremoris

DLAB19 was reconfirmed by the spore-rec.assay using spores of Bacillus subtilis H17 (Rec’) and M45 (Rec).
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& 2 ARY oJAH[47I16]2 RAFe B ATE
axo} 11, ole F2 AW wBEAT FAF o
3 Aol o] HWEoz FEHTHB 1517

FAEo] A7tY A7%E FAAE F UoE AL Met-
schnikoff[14] 2] &4 93] ¥ At 1 S F2E AX
of #odste Aol dAAUAA #A AE, A
At 2 54 P4 Adse F4L G dEo
ol Lactobacillus bulgaricusE o) &5te] Zo g A4d o
T+ 283 988 o FAHHAT HI QoA Azt
o A7a Ao w3 P F23 AR sue ¢y &
A EAo|tt. Bogdanov S[2]ol 3] L. bulgaricus7} 748
g 3 AFHE 7L Yhe ARe] HE el wE AF

FTES O8E AATY FRER B AT HAZE ]8T
FEdwo) adte &3 A7[L27F JPHI ek
Felut A ded wol dHde PAF shd FA
e 7t77)ek 4 B8 982 8 AAFY ¢ THEA
A3 F2o 289 794 FHY RARE Wletd
FEANZ HFo2A NaCl 2 77)29 3340 L, A
dol e P& A o} AN E R o
o 17 HFCEAY 7M1 E AdTH12] 28y A7)

of &3 ﬁ?% 4 '] of Blﬁﬂ EH‘*?S] U] g d%oln &

o] @Ao] TS Hiw Ao HAFEF 4otk

2HE 3007 F4TS
B4E 1F WoluR 7
o, @40l 714 £ TF

At

Ve Bl 4439 FAY ARE 30Uz 40

& 5¢ HAez FANEE MAd Fdd
0.85% NaCl &9 #FeF 5248 3, brobocresol purple
(BCP)E &3 plate count agar (yeast extract 0.25%,
bactopeptone 0.5%, glucose 0.1%, tween 80 0.1%, L-lysine
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0.01%, BCP 0.004%, agar 1.5%) uj =)o) %‘6‘}01 30T A
4BAI g3t TR T FA8S FA4E o 300
AF9 wAEE 14 Eeetie 14 £2d 58 MRS
broth (bactopeptone 1.0%, meat extract 1.0%, yeast extract
0.5%, glucose 2.0%, tween 80 0.1%, sodium acetate 0.5%,
tri-ammonium citrate 0.2%, K.HPOs 0.2%, MgSO, + 7H,0O
0.02%, MnSO; - 4H,O 0.005%) i =]of wfFsle] AFA] o4 o]

FgEavo] GA[1318191¢ 243 T Ao 71 we
FFE HF sty FA 32 AHSEYTh

wotdel %

Aol BAHL wos ], gujsty 9 AsielE Ex

S ZA A} Biolog GP MicroPlate™ (Biolog Co.,
USA)g ol &3t §4& 2418 Zg HIste Bergey's
Mannual of Systematic Bacteriology ] ¥H[10]o] wig} &
A3t Act.

it AZoHo| M|z
ok AR GAFS MRS brothE A}£3}a 30T
A 36A17E ZlE 3 25,000 X gojl A 103

[+]
A R ?‘4'5‘ o Ao A=l e 022,n membrane filter 2

oot

Ames testoll 2/t E2CIHOI YA I SHEAHO| AN ZA}
@] I FEAH YA FAE Ames testS %
& preincubation ¥H[13,18,19]o) wiel et od, A&
TFE 328y 4% 27501 point mutantQ) Salmonella
enterica serovar typhimuriym TA100 (hisG46, rfa, AuvrB)
3} frame shift mutantQl S. enferica serovar typhimurium
TA98 (hisD3052, rfa, AuvrB)g AMRalgT, ZAPME L
Age] o8 His' 87 E¢io] Y=g zAlelo el8y
o HoldoZAME
9] 74§ MNNG (N-methyl-N'-nitro-N-nitrosoguanidine),
NPD (4-nitro-O-phenylenediamine), AFB1 (aflatoxin B;)&
plated 247t 5 g, 15 pg, 1 pg= A AL 01, S enter-
ica serovar typhimurium TA989] 7% NPD, 4-NQO (4-
nitroquinoline-1-oxide), AFB1-& Ztz} 2.5 pg, 0.25 g, 1 pg
HA AHEEHTh AFBi# 22 7hY Eddolde] g4§
£ A8l 7 7+9] microsome # &< S$-9 mix (Sigma Co.)

S. enterica serovar typhimurium TA100
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£ 05 m A7iste Aatgct. dEAWo| AN AL 93t

E vy AY9AZ glass cap tubeo] A8 £4& 4 ¥
T2 Hrbeta ol 50 pb H7HS ohg o 7o) i
Ao A 16A17F BiFAIZ] S. enferica serovar fyphimurium
TA jokel 100 ot A Wolde 72 02 M sodium
phosphate buffer (pH 7.0) 05 n¢ =¥ 7HY wolgel A
2 $9 mix 05 i RA7FSATH o] AL FTAN 3087
preincubationdt T A#9] histidine/biotine] H7}€ top
agar 3 mE E¢$ ¥ vy A8 ¥ minimal glucose
agardoll FFotal BR 13 A7 Thg 37TCAA 48413
kst dEdwio]l &4 719 1A wiAA A
%38k His' 27 Ed#lo] 22UE AFsodreyos
§238l 1 His" B9 E99o] A3 &(inhibition ratio)2 ]
R Aot

Inhibition ratio(%) =100 X [(a-b)/(a-c)]

a: Woldd oJ& Fx¥ His" 27 Edvo] 2

b: Holda A8 Mg fEE His" 7 g0

2y F
c: Hol9s} A8 A fEH His” B3 Q%0
ZEY 7
AlE] Aol ZALE Y3 Wolds HUMSHA

%3 AETHE FUhEto 4719 dEAde] 48R TYF
o s aldch. Ao AL A B 9§ His' &
A gdwolg2AM EHA FEE His" 7 ol
F2Y (Y B 9o F2Y F)of dhg Ag A
g4 $5¥ His" 29 Edyo] 224 $9 %2 Yehh
Ak Ed%io] 2 FEAMo] RAE 37 33 wiFog
Adsted FEgoz el

Spore-rec assayoll o8t SiH0|HH Y EEAO|
Y =A

Kadao] ®h[11]o] we} fatgom, ALg dF< Ba-
cillus subtilis H17 (rec")} B. subtilis M45 (rec)S o} &3}
I FAE 2AE AP ARSIt FFTHH WAE
ZA5td 50CE Wzst ¥ B. subtilis H173 B. subtilis
M459] ¥} HeAL wix) 10 mF 1 M) n&E T
% petri dishd] Ztzt £F350d 18427 g EddlY
A 4 gEduio]dy AP ARG FEAH YA
ZAVe}7) Y& n3A7) B, subtilis H173%} B.
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subtilis M45 X2} 3t Wl Ao} paper discE ¥3 37Tl A
3022 WA W g MNNG (10 /10 )
£ 4NQO (20 ng/10 p)EF}& FYehn 4TAA 84171
Wt T % 37°CoA 16X+ Wekstal paper disc
Fuol 3499 4% AR 43¢ YA FA
o9 ZAE sl W FAAS ArksA ¥u 3
dCRELEREERCLER- LR CTER LT Y

g ¥ o

%4 AV ZRE BCPE &#3 plate count agar Hj
Aol #AEE 3
oh 14 28 #38 MRS Aol Al 36M13 A W F,
A4 Feete] 4 W $F4e] FHWo14 MNNG
of U FEAC] FHE ZYse] Ho) 0% ol
0 FFE 2 ARG of FFEY WG 4L S,
enterica serovar typhimurium TA1002} S. enterica serovar
typhimurium TA98& Al4-3ted MNNG, NPD$} 4-NQOdj
ek deddo] EA-& FARE ZHTable 1), 2074¢]
FE FoA 53] DLABI97L & Woldel] st &4
o] 7b¢ egenz HF AEsty 2 Y9 §4A #FE
AHE-8FA T

£2/F DLAB199 &3 .

YEAW] BHo| 43 S48 271 DLABIS A7)
8td A 2AG 2, Gram 94 %A HFoEA &
FAo] giglen, catalases} oxidasew 24, glucoseZ %
H gasE AASHA ¢t} Esculin #3)4 7} citrate ©]-8-4
2 okAloj9lom, 65% NaCld} 10% ethanol Z7)3Hol A&
AgetA] Zatgch(Table 2). @49 ol &4& A 4
7}, esculin, galactose, glucose, lactose, maltoset= °] &<
o, 7IEry SAYLE o] 8§ 3R R&F.on(Table
3), &3 Biolog GP Microplate® o] &34 tjAlatES =
AVt A3} Leu. mesenteroides subsp. cremoris®} A7}
09722 ettt wehA] o]4e] £E4& EdZ sk Ber-
gey’s Mannual of Systematic Bacteriology®] 7l&¥ £%&
7153010 wet - § Z3}, Leuconostoc mesenteroides sub-
sp. cremoris = 1 ATLE FAHEH EHTE Len.



AN EZRE FEA] &

Table 1. Antimutagenic activities on S. enferica serovar
typhimurium TA100 and TA98 by various bac-
teria isolated from Dongchimi

Inhibition ratio(%)’

TA100 TA98

Strains  MNNG ~ NPD NPD  4-NQO

Gpe/ (5 p/ (25 umg/ (025 pg/

plate) plate) plate) plate)
DLAB04 901 382 25.6 422
DLAB07 922 462 322 453
DLAB11 911 422 31.0 425
DLABI3 906 372 26.8 184
DLAB19 934 54.8 35.8 482
DLAB2 906 453 219 35.1
DLAB23 910 463 25.1 184
DLAB26 921 454 40.0 472
DLAB28 912 39.0 193 202
DLAB30 902 306 10.8 152
DLAB33 905 302 155 95
DLAB38 906 35.1 113 184
DLAB39 907 342 15.0 121
DLAB41 902 304 109 8.2
DLAB4 903 320 71 16
DLAB45 903 30.8 124 55
DLAB53 917 493 332 405
DLAB58 903 451 236 219
DLAB63 918 422 302 114
DLAB66 925 39.0 329 46.6

*Significantly different from the control at the P<0.05 level
Antimutagenic activity is expressed as inhibition ratio{%) of
His+ reversion of S. enterica serovar typhimurium which is de-
scribed in detail by Maron and Ames{13]. The means represent
the average of at least trials that were performed in triplicate.

mesenteroides subsp. cremoris DLAB192 v 3}94 T}

Leuconostoc meseniteroides subsp. cremoris DLAB19
o gEoiwo| &

SAH A Leu. mesenteroides subsp. cremoris DLAB19
2 MRS viR|ofjA] w3t & Al B g]ale] I AbAlA 9]
ZAHE A3, Table 49} o] ujok
9o} F3}= mutation ratioz} 2.00]
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Table 2. Morphological and Physiological characteristics
of the isolated strain DLAB19

Classification DLAB19

Morphological characteristics
Form
Gram stain +
Motility -
Spore fomation -
Faculative anaerobic +

Physiological characteristics
Catalase -
Methyl red test -
Esculin hydrolysis
Utilization of citrate
Gas from glucose -
Indol production -
Pigment production -
Oxidase test -
Nitrate reduction -
Growth at 15T +
Growth at 45 -
Growth at pH 438 -
Growth at pH 65 +
Growth in 6.5% NaCl -
Growth in 10% ethanol -

+: positive, -: negative

gEAo] 848 4% A, point mutantd] S. enter-
ica serovar typhimurium TA100-& o] &3t Agdo]A Holgd
MNNG, NPD % AFBlo] t&+ &42 ujok A 100 u¢
/plate H7}A] 242 972%, 69.9% 2 782% 2 A Vet
o). F3h frame shift mutantQl S. enterica serovar typhi-
murium TA98E ©]8-8 HFA Hold NPD, 4NQO ¥
AFBlof| djgt &4 £t uiek A4 A g plated 100 uf
7hAl 2zt 524%, 58.2% 2 75.0%2 &7 JYehdoh(Table
5. @A7HA HER 2 "J 9] 30* Ednol g3 #3
A7 Bzt Ae glov ¥ ¢
Barb 3t1,2]. 197519 Bogdanov $[2]e] o8 =&
Azl BdslE Lactobacillus bulgaricus7} %] sarcomaoi
st g ERE HAI Yo Ao] AFog A
v} 1% Streptococcus thermophilus, Bifidobacterium infantis,

B. thermophilus, Lactobacillus kefiranofaciens, L. cremoriss &

st
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Table 3. Carbon utilization of the isolated strain DLAB19

DLAB19

Amygdalin -
D-Arabinose -
L-Arabinose -
Arbutin -
Cellobiose -
Cellulose -
Erythritol

Esculin +
Ethanol
Fructose
Galactose
Glycerol
Glucose
Inulin
Lactose
Maltose
Mannitol -
Mannose -
Melibiose -
Melezetose -
Raffinose -
Ribose -
Salicin -
Sorbose -
Sorbitol +
Sucrose -
Trehalose -
Xylitol -
Xylose -

Carbon source

4+ + 4+ v

+ +

+: positive, -: negative

EEREE RS

Table 4. Mutagenic tests on S. enterica serovar typhimur-
ium TA100 and TA98 by Leuconostoc mesenteriodes
subsp. cremoris DLAB19 culture supernatant

TA100 TA98
Dose — - 3 ;
(ut/ plate) His Mutappn His Muta'tlpn

(CFU) ratio (CFU) Tatio

0 84 1.000 49 1.000
25 79 0.941 51 1.041
50 88 1.048 53 1.082
75 82 0.976 47 0.959
100 78 0.929 49 1.000
125 82 0976 50 1.020
150 85 1.012 48 0.980

*Significantly different from the control at the P<0.05 level.
Mutagenic activity is expressed as mutation ratio(%) of His+
reversion of 5. enterica serovar typhimurium which is described
in detail by Maron and Ames[13]. The means represent the
average of at least trials that were performed in triplicate.

Al AY FEA M 2 gl disty gt £HE 7t
A1 o] A
e FUERLS R E glycopeptide £ & TEHE U¥
A Qoul] B Ao B g7t Aiete §E
ol E4% ofd Aol7t deAe & W dFdor &
A ol

Spore-rec assayol| 2|5t &=oivio] 24
B. subtilis®] ¥ AE o] &g spore-rec assay WHS o]&
3t £ o9 Edyol €4 ¢ dEdde] XS

Table 5. Antimutagenic activities on S. enterica serovar typhimurium TA100 and TA98 by Leu. mesenteriodes subsp. cremoris

DLAB19 culture supernatant

Inhibition ratio(%)’

Dose TA100 TA98

(14 / plate) MNNG NPD AFB1 NPD 4-NQO AFB1
(5 ug/plate) (15 ug/plate) (1 pg/plate) (25 pg/plate) (0.25 pg/plate) (1 pg/plate)

25 90.1 40.4 52.2 21.8 36.2 43.7
50 934 54.8 62.0 35.8 48.2 52.8
75 95.9 62.3 72.2 40.5 53.3 65.1
100 97.2 69.9 78.2 52.4 58.2 75.0
125 95.5 60.3 75.6 46.7 56.7 71.6
150 94.5 418 71.9 423 524 68.1

*Significantly different from the control at the P<0.05 level. Antimutagenic activity is expressed as inhibition ratio(%) of His+
reversion-of S. enterica serovar typhimurium which is described in detail by Maron and Ames[13]. The means represent the.average

of at least trials that were performed in triplicate.
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Table 6. Mutagenic and Antimutagenic activities of the Leu. mesenteriodes subsp. cremoris DLABI9 on MNNG and 4-NQO

in the spore-rec assay

Culture Inhibition zone (mm)
Mutagen supernatant Mutagenic activity Antimutagenic activity
(ut/ disc) M45 H17 Difference M45 H17 Difference
0 35 0 35 35 0 35
MNNG 50 30 30 0 33 21 12
(10 1g/10 ub) 100 33 33 0 36 31 5
150 36 36 0 37 32 5
0 39 0 39 39 0 39
4-NQO 50 36 36 0 38 3 7
{20 ng/10 ) 100 38 38 0 40 38 2
150 34 34 0 39 37 2

*Mutagenic and antimutagenic activities are expressed as inhibition zone (mm) of Bacillus subtilis which described in detail by Kada ef

al.,[11]

Q13 Z3} Table 63 Zo] Felde] Wi AL H7ls)
A %2 A Hold MNNGse 4-NQO9 wolgdA Ad
Ao A B. subtilis M45%+ B. subtilis H178) A& A=A\t
o] Zpol7k 30 mmolFo 2 A 2743 Wolg BT 73
Edulo] Ao EAste A2 Jeiygth Iy wl%
ARHY F=E F/AA FAT gt A% HA
ato]7b IR0 EE JAAe FaAdo)gdyo] fleE & F
AN v F Ao FEAMe] B4E MG APE
Ztzkel Wolgo] i) wiF AN Hrigel mel B
sublilis MA5S} B. subtilis H178) A& A=|t)e] z}o)7} z+
Zt A 5 mmo 4 mmZ A Fel o] wjok G Aol Fek
gEdde] 4L 7M1 ULE AFAE & YA

2 o

Aol gt

5 o a
g4e 2N e $4%9 EAVERE 30065
z s

()

o] &8ted FAlst A3 woled MNNG, NPD, 4-NQOs$}
Aol o2 X AFBL tiate] FEAWe] EA4o] 713
$4% DLABIO#§ A% dusidch 2% 429 DL-
ABI9S] Huyeta, woets 0 Aol 542 2Alsl
Bergey’s Manual Systematic Bacteriology2] ¥ 7]&l

w2l T3 A3 Leuconostoc mesenteroides subsp. cremoris
e O FA7eR FASAT. Leu. mesenteroides subsp.
cremoris DLAB192] g% A& of o] MNNG, NPD, 4-NQO
% AFBlo] tjgt stE o] 84& 100 wi/plate H7HA]
ol 7 #A vebsdth T3 B subtilisd] ¥AE o] &
3l spore-rec assay WHHE& AR&3led MNNGE 4-NQO9
HE gEdo] 4L HA1 g AglEH)
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