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Antimutagenicity of the Cell Extracts of Lactic Acid Bacteria
against 4-Nitroquinoline 1-Oxide
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Abstract: Intestinal lactic acid bacteria (LAB) for humans are closely associated to the host’s health because the presence
of LAB is an important bio-defense factor in preventing colonization and subsequent proliferation of pathogenic bacteria in
the intestine. Some probiotics such as Lactobacillus species can intoxication of carcinogens including chemical mutagens.
The purpose of this study was to compare the ability of antimutagenesity among 24 strains of LAB isolated from infant
feces, yogurt and kimchi etc. The antimutagenic effects of protein fractions extracted from the cells of 24 LAB strains were
investigated using mutagens as 4-nitroquinoline-N'-oxide in Ames test (Salmonella Typhimurium TA 100). In the Ames
test, dose-dependent activity was exhibited significantly against 4ANQO. Three strains of Lactobacillus showed the highest
anti-4NQO activitiy (62.1%) among the tested strains of LAB.
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H] AAL 2] 5o G 7 S313 tlEe] Ta
FAE, AQLEAE, Ao} FE) 23, 7150 A}
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Aol B3, A9SH &9 59 o] BauEwA 3
Wl A7 218 =]ar Itk (Andersson er al, 2001; Mc-
Farland, 2000; Salminen, 2001; Saul, 1998).
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o] & 24%S o] &3ATHTable 1). FAHTFS MRS HIAS
AME31] 37°C, 16~18A17F 231 At ¥jY3E T2, 3,000
rpmoll A 1587 dAlEeet] AEE AUtk Ed e
21A5Z 28] AFSE § AIE HHES 1.5 mL eppendorf
tubedl] Skim milk 1 mL¥} A -80°C deep freezeroll X2
I ikt AEA AR EES FE5] Y8 94
8] & dofxl M|aol] MRS HIFH 10 mLo|A] L Al
X FHE lysis buffer (40 mM Tris, 1] mM EDTA) 1 mL
S A7 &, ice bathol|x] 2235497 (Sonics & Materials,
INC, USA)= 15%-%F amplitude 35%, pulse on 3 sec, pulse
off 5 sec®] o2 53} 5T e A4l
] e dS F3te] -80°C deep freezerol] HASHA] Al
=2 ARSI B A A7 Bradford WS A8
il ket

SoiHo| pu 23

4-Nitroquinoline 1-oxide(4-NQO)= Sigma-Aldrich Inc
(St. Louis, MO, USA)ZFE] 743} dimethylsul foxide
(DMSO, Sigma-Aldrich Co, St. Louis, MO, USA)°l| =<
A ARE3IE}. 4-Nitroquinoline 1-oxide(4-NQO)= 100 pL
D 0.005-50 pgd] FEZ BAjse] Helsiic. B 4P
A4 =g A Sdste] Edvio] B Fwo uf
£ histidine revertant®] colony <=2} spontaneous colony <~
= sl t). Direct mutagene] H71ol= 739 0.2 M so-
dium phosphate buffer (pH 7.4) 500 pL= AFE-3}9.0, o)
Al 84 E72o] HQ3l Indirect mutagen?] 7ol S9

Table 1. List of tested Lactic acid bacteria

Strains Abbreviation
Leuconostoc mesenteroides KCCM 35471 A-1
Lactococcus lactis KU107 449 A-2
Lactococcus raffinolactis CS6 A-3
Lactococcus lactis ssp. lactis 101 A-4
Pediococcus petosaceus 1.2 A-5
Lactococcus lactis ssp. lactis CS1 A-6
Leuconostoc mesenteroides CS14 A-7
Pediococcus pentosaceus KCCM 40464 A-8
Lactococcus lactis ssp lactis PS6S A-9
Lactobacillus plantarum 1 CSBS A-10
Lactobacillus plantarum 155 A-11
Lactobacillus plantarum 1L67 A-12
Lactobacillus plantarum KCCM 11322 A-13
Lactobacillus acidophilus 606 A-14
Lactobacillus acidophilus A4 A-15
Lactobacillus acidophilus GP1B A-16
Lactobacillus casei KCTC 13086 A-17
Lactobacillus gasseri KCTC 3163 A-18
Lactobacillus brevis KCCM 35464 A-19
Lactobacillus rhamnosus ACE A-20
Lactobacillus paracasei 13 A-21
Lactobacillus paracasei 7710 A-22
Lactobacillus helveticus A-23
Lactobacillus bulgaricus A-24

Mixture 500 uLE histidine revertant colonyS &215}7] ¢
3t ARE-51ST}. Spontaneous colony =] 735 0|
EZ0F w3 histidine revertant®] colony 4~ =43} Y

sHAl X138t

Salmonella Typhimurium TA100

Salmonella Typhimurium TA100-2 B4 elal 2% <k
53} A)E vgE ATAZRE ok wo} AFRSITHFig.
1). Nutrient brotholl 16A]17F, 22} At #j% & 0A]7HEH
4ARIAIE 3AIRE @92 SAEI oM, 481 7HFH 120
ARAAE 24713 BIE F T, pHE S 2
Z+o] =24 Az vk 75 1 mL2 0.1% peptones=oll
107'~10° 22 34 & Nutrient BJ XA 37°C, 24x]7F
& & Uehd colony?] & d55 SASIAH. pH 542
pH meter (Mettler-Toledo International Inc, UK)E ©]-8-3}

o Z3Hr.

Salmonella Typhimurium TA1002| fM&E ol

ghzodo] Adol A Salmonella Typhimurium TA100
= A714 22 Genotype test, Crystal violet sensitivity test,
Ampicillin resistance test, uvrB deletion test, Spontaneous
reversion test 59 A FAE FRISPAA Ao Ag3}t

At
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Fig. 1. Colonies of Lactic acid bacteria against 4-NQO on
Salmonella Typhimurium TA100.

S9 Mixture M=

standard S9 mixtureZ AFE-3FHTH S9 mixtures= 50 mL
Z S9 fraction(4%) 2.0 mL, MgCl,-KCL salts 1.0 mL, 1 M
glucose-6-phosphate (Sigma-Aldrich Co, St. Louis, MO,
USA) 0.25 mL, 0.1 M NADP (Amresco, Inc) 2.0 mL, 0.2
M phosphate buffer (pH 7.4) 25 mL, B¢ Z5F< 19.75
mLE 77} eow Wkssn.
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Maron} Ames(1983)2] WHHol| w2} Ames testZ =
Ho| a3E ALt BE AL HHEoZ sy
o I Hzko 2 ASIATE Salmonella Typhimurium
TA100 755 Ead Al@dolA 14~16A17F v sk o5
100 puL (1~2x10° cells/mL), f-2HF Al F25 A& 50
pL, =8l =4 100 pLAS 247 H7kE ohe 37°C
shaking water bathollA] 303t o] vt T). 45°C Top
agar 10 mLo| 0.5 mM histidine/biotin solution 1 mL2] H]
&2 A7} T 37°C incubatorol| Al 48117 vljkste] z+zto]

histidine revertant®] coloniesS A|5=3}$3aL, inhibition rate
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dutr o g EdHo] 28-S Maron®} Ames(1983) *H
o w2 Ames tests ©|-83}] APt} Ames test= 3}
ShEdo] A URIRE AA k=t o] &5 dFo=
134, A, AEd T olf wWiiEel dE ol&H«=
in virro EAT0] it Agolt} o] AP FdRoldo]
& RS Zie B FYdite RS JAA=E b
(Ames et al., 1975). & 2] Z71GAolE EAdo)7}
ZQ38}A 283 (Garner and Hradec, 1990). =2y}
Aol E24& R EAdo] 8 B2 <F 83%
7F ikEAR el . o]E EdHeolYES AA
X EAHOIE Bl S AT 8T . &
DNAZE mutationr]7]= Ao] &L7]H2] promotion THA =
HE Ao|th. Ames testol] ©] v gol= Salmonella
typhimuriums ©]-8-31H o] vlg|g]olE FollA] histidineS
FABHA] Hshs EAHOA|7E o] 8E Xt 7)o =
Hol¥S A2]shH DNAS S0 A|AA IdEAHel7}
Ao A histidine &7 757} ©A] hitidines A F
A Tk weby GEuo)7) Yot Hlelg]ol= histidine
o] A7FEA] &2 wiRlME AES 4= A ot Histidine
224 Ao A<l HElg|oke] 739 histidineo] gl Y
ol Fol 2+ B} A wiFth 2™ F ol
A= A2zl EtEds @A H9 dEgol T dEdd
o7} dojut vle|glol= AESHA ot AdlolN &2
ARFES AXEA FAR0] A7 E 2 7] W
7re] 45 F7Is. o] WHHE o] &3l Ao =N
glste] Edmole] el fFol mebA WEHY
S dAEl= Aolth(Maron and Ames, 1983).

Table 22 SFERo] AES sPAA 7P dutF oz AL
LE+= Salmonella tester strain® ERJ Y, Table 3&= ¥yt
Aoz AVMEE Salmonella tester strain®] F& S0
2] DNA sequence= YWER ™, Table 4= tester strainS-2]
Genotypes YERAIL 31T}

Salmonella Typhimurium TA100-2 Salmonella Typhimu-
rium LT22 58] 523t histidine-requiring strain S|4 &
71X18F ®lol Q1 his G46S RO = Zteth o] T Al
XM 9] lipopolysaccharide(LPS)7} Y2402 ZAE it
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Table 2. Genotype of the most commonly used Salmonella

Table 3. DNA sequence specificity on the Salmonella tester

tester strains strains
I\E[;;zti;o)n bio chID uvrB gal d];fPeSct Plasmid sﬁgfr:z:s/) DNA target Reversion event
hisG46 hisG46 -G-G-G- Base-pair substitution
TA1535 Deletion mutation rfa No plasmid Tal00
TA100 Deletion mutation rfa PKM101 TA1535
hisD3032 hisD3052  -C-G-C-G-C-G-C-G- Frameshifts
TA1538 Deletion mutation rfa No plasmid TA98
TA98 Deletion mutation rfa PKM101
hisC3076 TA1538 ) .
TA1537 Deletion mutation rfa No plasmid hisC3076 +1 frameshift Frameshifts
hisD6610 Deletion mutation rfa PKM101 TA1537 (near -C-C-C- run)
his01242 hisD6610 -C-C-C-C-C-C- Frameshifts
TA97 TA97 (+1 cytosine at run of C's)
hisG428 hisG428 TAA(ochre) Transitions/transversions
TA104 Deletion mutation rfa No plasmid TA102
TA102 Wild type rfa PKM101, pAQI TA104

sto] EAmo] £ Tt A o] FoIA M, deep rough
(rfa) o], uvrB EHO|E 7HX= TA153590 #1321
A1 plasmid pKM1019] =02 7HAS 591 H59]
t}. his G46= histidine A HZx E4F codingdl=
his FAAFS] EAMOIE FHEAIZI O Z M DNA H7|X4E9
A A] oRE 9] -GAG-/-CTC-(leucine) -GGG-/-CCC-(pro-
line)2 &2 A3k=|o] Uth(Levin ef al., 1982; Maron and Ames,
1983).

frihte] dEdno] aao dHE B d7s0] B
B3 Ao}, Lactobacillus bulgaricus} Streptococcus ther-
mophilus©l] 2J3)] HEE -H= T3 =] aAE
YeERN™ (Bogdanov et al., 1975; Bodana and Rao., 1990;
Hosoda et al., 1992; Nadathur et al., 1994), Lactobacillus
helveticus 18991 ]3] g -9} o] 2] protease-defi-
cient varientZ} 4-NQO ARE A] 0, 12, 244)7+e] wka A7k
o whA ZHZ} 15%, 50%, 62%2}F 13%, 20%, 40%= L&
Alzro] A g gEAWe] At #=A4 YEieth ole

Table 4. Genotype of the TA strains used for Mutagenesis testing

FAaktol oJsf LaE 972} casein hydrolysates7} B] 2t
& 8¢} native casein®th H=& dJ=dAHo] au=
itk= 7248 oJufglttar stk (Chantal ef al., 1997). Hsieh
3} Chou= Lactobacillus acidophilus CCRC 14079, Strep-
tococcus thermophilus CCRC 14085, Bifidobacterium ing-
antis CCRC 14633, Bifidobacterium longum B6 2HT 02
HEA)Z] T 4-NQO ¢ DMAB E43wo] &40 tjs)
717} 35.0~85.1%, 57.8~85.8%2] dEdo] &5 Yeh
Atk B 13} cH(Hsieh and Chou, 2006). =3k Lee 9}
Park(1999y HX2HE 2], 8% Lactobacillus planta-
rum KLAB21 ¥<=7} point mutant®! Salmonella Typhimu-
rium TA1009] 739 R0l f2 &2 MNNG NPD,
AFBI19] T3] 212+ 98.42%, 3.95%, 82.52%=Z LJEPEO
frame shift mutant®] Salmonella Typhimurium TA982] 73
% =¥ 2 &4 NPD, NO, AFB19 i3] 7}z
62.78%, 57.21%, 78.53%°] F=EARo] 45 Hehirtar
H 3t tHLee and Park, 1999).

Histidine mutation

hisD66100

his01242 hisD6052 hisG46 hisG428 (PAQ1) LPS Repair R-factor
~TASS
TA90 TA1538 TA1535 ra uviB R
TA97 TA98 TA100 ra uvrB +R
; TA1978 TA1975 ra + R
TA110 TA% TA92 + T +R
- TA1534 TA1950 + uvrB -RGenotype
- - TA2410 + uvrB +R
TA89 TA1964 TA1530 gal uviB R
- TA2641 TA2631 gal uvrB +R
- - - TA102 rfa + +R

(Maron and Ames, 1983)
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Table 5. Antimutagenic activity effect of Lactic acid bacteria
against 4-NQO on Salmonella Typhimurium TA100

Sample Revertants/plate Inhibition rate (%)
Control 305+ 10 0
Spontaneous 119+4 100
A-1 307+ 4 -0.81
A-2 267+ 1 20.43
A-3 268 2 20.16
A-4 293 + 12 6.72
A-5 330+9 -13.17
A-6 308+ 10 -1.61
A-7 301+7 2.15
A-8 297+ 16 4.30
A-9 279+ 16 14.25
A-10 286 + 10 10.22
A-11 271+ 1 18.55
A-12 245+ 7 32.26
A-13 328+ 6 -12.10
A-14 260 + 15 24.46
A-15 259+ 14 24.73
A-16 300+ 16 2.69
A-17 190+ 5 62.10
A-18 298 +£3 3.76
A-19 309+ 1 -1.88
A-20 302+ 13 1.88
A-21 262+ 19 23.39
A-22 190+ 6 62.10
A-23 243+ 8 33.60
A-24 3106 -2.69

Salmonella Typhimurium TA100 @55 ©]-&3le] 3=
o] AHS 3+ A= Table 59 AAA vle} 2o} &
24 FAHE oA A-1, A-5, A-6, A-13, A-19, A-24 T
FE AL UmA] dollA FdEdo] a5 g1k
o} FEAdo] g} & FF= A-17, A-22, A23 I
T2 A-17 T 57 A0l JF7F 19045, Inhibi-
tion rate= 62.10%, A-22 I 57 QW] Jgrt
19046, Inhibition rate= 62.10%, A-23 75 24348, Inhi-
bition rate 33.60%% YERHTHFig. 1). ©] A+ A3} ok
gk fiktEo] FEdRlo] AdE 7R e, At
ol we} FEdve] 449 ztolrt et

o oF
=1

2459 okt AR AR B4dS o
a3} 23S WeYs A Zzte] Edo] i B0
g T2 FgEAHe] a7E It 4-NQOel| tiste]
A-17, A-22, A-23 TF9 A 747 62.10%, 62.10%,
33.60%% =& F=Awo] gy}t Yehdtt wleb o)y
gk frhtS o] 83 2] AHE BEliA e &
S AsstAY FEslete], & B4 oY 2 X85 =
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