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Abstract

This study was designed to evaluate the mutagenicity and the primary mutagenic mechanism of chloropropanols
by using various genotypes of E. coli WP2, E. coli TK and E. coli GW series strains. Chloropropanols showed
the low mutagenic activities in E. coli WP2s and WP2 establishing the following order; 2,3-DCP > 3-MCPD > 1,3-
DCP. As compared with E. coli WP2s, the decrease of mutagenic activity and the increase of survival rate in E.
coli WP2 (WP2s uvrA®) suggest that DNA lesions produced by chloropropanols could be easily removed by
excision-repair system. From the diminution of mutagenic activity and survival rate in E. coli CM611 (WP2s
lexA), it was confirmed that the mutagenesis by chloropropanols was dependent on the SOS-repair system. This
fact could be also confirmed from the result that both the mutagenic activity and survival rate in E. coli TK610
(wmuC) were much lower than those in E. coli TK603 (umuC"). In the experiment to examine the possibility that
chloropropanols might have effects on the LexA of SOS response negative regulator, there was no variation in 8-
galactosidase activities of E. coli GW1105 [lexA3 (Ind™)] and GW1107 [lexASI (Def)] by addition of the

compounds, indicating that chloropropanols do not have any effects on the LexA, itself.
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37, 243, 244% 0}-8-% SOS chromotest W Salmonella
typhimurium TA98, 100, 1535, 97a& ©]-4% Ames
teste| 4] = ©]& chloropropanole] 54 % 54
o]914-& vehlle= Aor #aldlgcl. 3-MCPD2}
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£ dogle ez 239k 2y AR =
SOS +83 2AHe g A=g dAFE o] 831x ¥k
a7, SEZF Ames testol| A& A A pBell #EE H E7) 0]
ZoA)jx] ¢gk7) Wl Eol chloropropanol®] AH47|7E
g sl7lelle vlE315t). Chioropropanol®] wle]d4]
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e} 2 2hgr) el oigt olaliz} 2 Exle] wolUAd el
o1&t ¢l At sAueke waAshed gloA we
%0 8l7] wEoll, & odF-ollls= chioropropanol®] &
wo) A7 g guEtA MR} E coli WP2
series, E. coli TK series @ E. coli GW series®] t}<f
& FAYAE 23 e HolFE ¢]-83l chloro-
propanole] ¥iol9lg W I MEE v 4%&
A=t '

e ¥ 2y

Al % 7171

A3 E4lql 3-MCPD, 1,3-DCP, 2,3-DCP= CHEM
SERVICE Inc. (U.S.A.) #|&-&, 4-nitroquinoline-1-oxide
(4-NQO), N-methyl-N'-nitro-N-nitrosoguanidine (MNNG)
& Sigma Chemical Co. (US.A.) A F-& A-8-314 3L, B-
nicotinamide adenine dinucleotide phosphate (NADP), D-
glicose-6-phosphate (G-6-P), o-nitrophenyl-§-D-galacto-
pyranoside (ONPG), dimethyl sulfoxide (DMSO), so-
diumdodecyl sulfate(SDS), 3| ~E]d, v ¢.®l, EY &G
£ Sigma Chemical Co. (U.S.A) #¥-&, nutrient broth
No.2& Oxoid Co. (USA) A Z-&, -4l AMF petri dish
% Nunc Co. (Denmark) A E-& A3t 71k Alef
£ Ege AHslg T HOE 33 SR ddH0)E A}
g3}9ic}h. == Spectronic 21 (BAUSCH & LOMB
Co.), #2] 8%+ Klett-Summersion colorimeter (Klett-
Summersion Co)& 43151, d4~5 colony counter
(Model 560, SUNTEX Co )& o]-4-8}e] A5siglct.

v F
E. coli WP2 seriest= d#-2] Ohta ¥ Akanuma 2}A}

23E], E coli TK seriest= Q¥2] Akanuma ¥}ALEN-
€], E. coli GW series= P132¢] Opperman ¥}AL2 %)
Popilgie}, o] F 79 EXEY 874, sl2Ed
KA, urA mutation, uwrA:lacZ, umuC::lacZ fusion2]
Hx4 5o #4 ¥A& gUsed o (Table 1), F
do]g} 7)1 77} & <dei3l 4NQOSH MNNGE °|4
8jod zhzke) ol it RUEA UAE Fl3sct.
38 lexA3 (Ind)2} lexAS] (Def) H-ABAL 41°Cs}
30°Cell A 1417} v ok T, B-galactosidase 3 kg
& 53}ef gadspaAnt

E. coli WP2 series 0|83t Ho|¥ M Al

Zhang 5-¢] 9py ®ol] F8}e] AlAl#de). &, 35
Aujokgt E. coli WP2 series #]9F49-2 nutrient broth
No.2& 1:10 (V/V).2 F A8l 37°CellA] ¢ 4417}
e} whokgt ohe- ¥41§21(1,200% g, 30 minyd}e] f
28 AAstgch A FAA 5 mLe P buffer (M/
15 phosphate buffer, pH 7.2y )3} A& et A7)
AYEA 200 pLE M7 F, 3TCHIA 141 Aeda]
ofsld EdwolE ATt oAl WAEE I 5
mLe] P buffer2 AN @=AZ] ohg, 2=h] 200 pL2} L-
EF el uyg/mLp] H71E top agar 2 mLE E351
VBM plate [agar 15 g, ddH,0 970 mL, 50X VB salts 20
mL, 40% glucose 10 mL]el] g 23}x]7]51 37°CollA]
482173 v oksted MM op' revertantE A58}

9, dgols 1071 34% g, 7 HHA
100 pLe} top agar 2 mLE £§3led VBNM plate
[VBM plate supplemented with 5% (V/V) liquid nutrient
broth NO.2Jell gt 23}A]7] 32, 37°CoilA] 244]7F ¥l
o}sle] AAE ZRUE ASsle & AEEE 34
sl

Table 1. Genotypes of E. coli WP2, E. coli TK aund E. coli GW series strains

Tested strains Genotypes
E. coli Bir
WP2 trpE65(0c¢) malBI5 lon-11 sulAl
WP2s as WP2, also uvrAl55
WP67 as WP2, also uvrA155 polAl
CM611 as WP2, also uvrA155 lexA102 malB’
E. coli K-12
ABI1157 his<4 (Oc) thr-1 leu-6 praA2 argE3 thi-1 galk2 lacYl ara-14 xyl-5 mtl-1 tsx-33 rpsL31 supE44
TK603 as AB1157, also uvrA6 ilv-325 argE’
TK610 as AB1157, also uvrA6 umuC36 ilv-325 argE’
E. coli Blr
GW1103 umuC::Mud (Ap lac) cts lacAU169 recA441(tif-1) sfiAll his+4 uvrA6 strA31 (rpsL) thr leu thi arg ilV* galk
GW1105 as GW1103, also uvrA® lexA3 (Ind) malE::Tn5
GW1107 as GW1103, also uvrA* lexA51 (Def)
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E. coli TK seriesil O|&8 o4 AH

Ohta §29] 4% $alo AAsc}. &, 354
Aul|FA E. coli TK series W& WP2 series<}
Z& wpflez A el =X o
ikl cpAl fABe)sls 5 mLe| P buffer2 ¥
A ohE o] Weel 200 uLs} L-3)2E|RA(1 pg/
mL)] ¥~} top agar 2 mLE &3t HCA plate
[agar 15 g, Tris 12.1 g, NHCl 1 g, KH,PO, 22 mg,
KCl 1.49 g, NaCl 4.68 g, Na;SO, 220 mg, MgCl,- 6H,0
2.03 g, CaClL-2H,O0 147 mg, FeCl,-6H;O 8.1 mg,
thiamine 200 ug, glucose 2 g, threonine 100 mg,
leucine 100 mg, valine 100 mg, isoleucine 100 mg,
arginine 200 mg, proline 200 mg, casamino acids (Difco)
40 mg per liter (pH 7.2)je] F& 3L3HA]F7| 2 ITCell A
48417} whokdled A his' revertant & A2}

=3 F A& "IAE %% AN 3o
Eddel7l f=28 WEdE 10744 A4 o3, 2+
34 100 uLs} top agar 2 mL-& E33}e] HCAO
plate [HCA plate supplemented with 5% (V/V) liquid
nutrient broth NO.2Je|l 3% w3}A|7].en, 37°CelA
247t vk A Y F2WE At

E. coli GW serieslt 0|83 ¢lo|¥4 AH

B-Galactosidase®] 242 Millers] W& o7t 4
A sjod AN B} &, 30°Co| A 3124 A vl okt i
ofol-g LefAlE o]-g3le 1:10 (VV)2E 3|43ty
30°CollA e 347k Ale wjekRl ohg, AYEER S A
2jsbod 2171 wioksldct. o] wiokde] HEE 660
nmellA] 2483, 0.2 mLE #te] PB-galactosidase
P¥A-$ 2Asisict. S, Wik 0.2 mLell Z buffer
[Na,HPO,- 12H;0 21.5 g, NaH,PO,-2H,0 6.25 g, KCl
0.75 g. MgSO,-TH;O 0.25 g, P-mercaptoethanol 2.7
mL per liter (pH 7)] 1.8 mL, 0.2% SDS £} 50 pL2}
chloroform 20 pLg A7}l 37°Cell4] 10487} vk A
7). ONPG (4 mg/ml) 0.4 mLE Hr}sied A Hul-3-
2 AYAF|3 1 M Na,COs 1 mLE Hrisle] kg8
A A1A 415 nme} 550 nmol| A FRE=E FA 350
EALAL ofzia]q) 25l AbEEld

B — Galactosidase activity
OD,;5—1.75 X ODss,

tX w2 X ODggo

= 1000 X

t: incubation time in presence of the substrate (min)
v: the volume of the solution taken from incubated broth
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E. coli WP2 seriesoliA{e} chloropropanol $1018l4

E. coli WP2 series o] 5g<ll di§} 3-MCPD, 2,3-
DCP 9 1,3-DCP2] Ewio] {43 F JE& vl
2 98¢ w2y A= Fig 134 ot A £F7
chloropropanol 2% AL 3 %& Yellel E. coli
WP2s & WP67oll 4= o)A o] Vet on) £
coli WP2 4 CM611oA & ol Ado] A2 veh}x|
ot} F AEgolAE E. coli WP} &g 7}
A Eoton o oo g WP2s, CM611, WP67 <o)
et

E. coli WP2 (WP2s wrA* YA Sd¥elrl A9
b aba] dska F AEEE AdAHSZ 1 B
vehgout A28 polarl ASH E. coli WP67
(WP2s polA)dll & Egdol & 7P & gl
& AE&] 71 3A Jeidel. ol At ¥
o]2-3} WAl 3} MMS 58 Al93liE SOS 44 2
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Fig. 1. Mutagenicity and influence on the cell viability
of 3-MCPD in E. coli WP2 strains.
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Fig. 2. Mutagenicity and influence on the cell viability
of 2,3-DCP in E. coli WP2 strains.
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FA ool o3 &4 diFE HA 2 Hq o)
44 AAD 5 913, 3-methyladenine £4}-& SOS 1}
% F538A%¢ single strand break® 7}3}A) -8
4 &% e3¢ ), chloropropanol-& SOS 428 2]
4 Eao| it ohel A A3 H) 23 A A= |
oA SOS vhg-2 #53= 3-methyladenine &=+
o]9} F-A}gE &4t &3 Ao E FEAE 5 gl
the AR dgAdael dxsisich ¥ E
coli WP2 (WP2s uwrA*)e] E<idlo| &3 HJ&go] E.
coli WP2ss} w2 Ao} vJebd A=l Hel chloro-
propanol®] ¥ol{ A& F2 HA|4=Bo =) A A
AE 4 3= SOST-E- o &4 Aol 27} Ao, 3-
methyladenine (= o] 2} FA13F DNA &4F& 1 A4
A X7t wi§ vleksie] 2 g8l Mo el
A F3he Ao A7l

T3} E. coli CM611 (WP2s lexAl02)o)| A& B
o) YA eh}A] 3 AEgo) E. coli WP2sel 1]
3ted 7t A vehd A= SOS HEg-9] repressor
2] 2H8-5h= LexA7t 84319 RecAd)] 2f3le] 3
52| 971 wj&oll SOS uhgo] f-EE ] ¢kl SOS &=
¥ 2]&4] WHol¥al chloropropanols] £)3le] i
ol7} fiEA| dstod, =3 EoHclE dodle
FEA0/ e AN Fo &Y FUMAL 4 A
£ SOS A7} 288 4= §1g17] wlEoll A&go)
ol o2 Q7= gdrt.

Chloropropanol®] #-F-o] & A& vlwgt 1 2,
3-DCP7} 3-MCPDol| vl 3}lo] Wol o) o7t A4 o}
b A3 YEgo] F= F7H el FHHA g
¥ ZAezRe 23-DCPo 23] F%E% DNASA o]
3-MCPDX X} & Aoz A= ). 1,3-DCPe] 73-%-
3-MCPD#} 2,3-DCPo)| u]3led F3] we]dAJe] miek
3l AEgo) = Zvid da} shuksiA x4

H255 1,3-DCPol| 93 fr==& DNA &4 3-
MCPD % 2,3-DCP H]3}] ¢ 37| sjfo] SOS
Chromotestol £ 1,3-DCP2] Fdo] f4de] ve}
A the A2z Y. oleghe 3-MCPD2}
1,3-DCPel oYt APz Silhankova F79) 3-
MCPD$} 1,3-DCP7} E. coli WP2, TM930 (WP2 pold)
% TM1080 (WP2 polA lexAy|x] & ol & Relx]
Yokchs ¥ngl Aol g epigied, ol ot
E 289 A7elMe 335 ZF AA5Ho] A4
A @ FFE AHEEl 2l S4o] shisA £
EESLY) dtel Foll BE Aelrh vehiA] edsidd
Ao 2 A7st.

£. cofi TK series T304 2| chloropropanol o]
¥

A Z7xe] A2 3e 3-MCPD, 1,3-DCP, 2,3-
DCP7} SOS 48 &|&4 Fadolg dogich= A
2 W & A5YHE JIRA T, SOS 8 oA
Eddo] ool 1ol umuC, Do) ¢} F 24
2 g o 2AH Q) SOS §-Eo] ohd SOS ukgo] 2
A FFE. coli CM611)E o] &3 %ithe HellA v
3t & 4= ik d2hA] SOS 48 oj@&4 S
oo glojA HAAYH J¥E e wnuCrl ZHodd
E. coli TK series 738 o]-&-3}o] ®lstaa} sich.

E. coli TK6103} 1 W34l E. coli TK603-§ ©]-&
g Hol 9 &g oI’ Aal= Fig. 465
t}. E. coli TK603 (umuC*)ol 4} 3-MCPD$} 1,3-DCP+
oFg Wo|RIAd & B9} 23-DCPE vl 2 &9
o] ¥4-& JeI NI, E. coli TK610 (umuC)ol| A= 3-
MCPDs} 1,3-DCPe Hol4d-¢ JehllA] Z3lgn
2,3-DCP wto] wfj-$- & wWollAg velhuigich =
&t E. coli TK6034l| 4] 33-F chloropropanol Z.5-¢)| §)
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Fig. 4. Mutagenicity and influence on the cell viability
of 3-MCPD in E. coli TK strains.



250 EAEHAA] A3 A A 1E (1999)

-
N
L3

180 4

S

g
Survival rate (%)

Revertants / plate (cfu)
g

Concentration of 2,3-DCP (mg/mL}

Fig. 5. Mutagenicity and influence on the celluar viability
of 23-DCP in E. coli TK strains.
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Fig. 6. Mutagenicity and influence on the cell viability
of 1,3-DCP in E. coli TK strains.

o] A E. coli TK6100)] vl3le] Ay ez & J& &
< Jehiigl o, 2,3-DCPS A% Fx2 F7lel w
g F43 A&¢ A0 Jeid vbd 3-MCPD#}
1,3-DCP2] 7 %ol ghatgl 744§ 2o 2,3-DCP>3-
MCPD>1,3-DCP 2] Zta8-¢ vehiiglel. ol2§
ZA 78 %€ chloropropanclel] 2§ E<dwo] b
umuC7} Foisle SOS $8-& F3le dojuy o] &
244 23 DNA&A AEE 2,3-DCP>3-MCPD>
1,3-DCP9] solehs AMd& ¥ 5 gt

Chloropropanol2| LexAoi| chst 3&

E. coli$} S. typhimuriumo| A= DNA £ o] o
F+ SOS Hhgo] EAFche ARio] ofn] AdeA 3l
w0 gl SOS WHg-ol] &3l SOS -E-Als Bl
o]& frEdte FEARN: Al T AYEA 2
A7} SOS uk8-2] negative 28112l LexA2] ¥4
A2 2hg3rhd 73 Badelde s AR sy
g 4 9leng g g i @54A0l s
mala] 41°Ce] {2704 DNA £4}o] glviels

:‘f:‘:‘f:jtj:;:j:i::.::.... @y
24 ‘m.

“ “m e e
g s ~o— 3MCPD (GWH05) Lok axes L e0 E
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Fig. 7. Influence of chloropropancls on the B-galacto-
sidase activity in E. coli GW strains.

RecA”} #Al3=le] SOS HEgo] H-E=& recAddl
(f-1) B E FFALZ AYL Qe E. coli
GW series $ol|4], 43315 RecAdll 23} repressorat
LexA7} £8=]2] ¢47] whEoll ojudt =F sl =
SOS ¥hgo] Uojubx] e E. coli GW1105 [lexA3
(Ind)}2} LexA7} A EA] oo} SOS yhg-o] 34k
oL E. coli GW1107 [lexA51 (Def)}E o]-8-8}4] o)
ol 7o FAMNES HEsIYY). E coli GW1105¢}
GW1107& o]-8-3 4§43 Fig. 73 A} F F5F
25l 9lojA] B-galactosidase?] ¥AIL djx7-9} F
a}o] & 1.o|A] ¢Fo} chloropropanolo] LexA }Ajell of
3] & v|AA] e AR v}
A7) £ A7olA 2ozl AAE FHY o
chloropropanolel] ©]§F DNA &A1& 713 7]1843] 4=
A & 5 ole AATE 23l AAE 5 2
o, Eddwo)o) WAL F 2 umuCrt Fedsh= SOS o
BAE F3ted dolidS HHsHA HU¥ 4 AUd

2 %

cofgt $-H3AE k7 9l E. coli WP series, E.
coli TK series % E. coli GW series Ho|FE-& o] 43}
o} chloropropanol®] wol|9A 7| 7-& #Asigr}. 3£
F-2] chloropropanol X5 E. coli WP2s$} WP67e)|A] =
Eolnlo)BAjo] eptor) E coli WP29} CM6110]
A& WolddAe]l A vehdA] dgher 2,3-DCP>3-
MCPD>1,3-DCP 2.2 Fe] #4& ehlisich
E. coli WP2s2} w|al3le] E. coli WP2 (WP2s wwrA’)ol|
A Boo|@Adel = A ZhAag Wl o AEEe] A
33 Z713 A 2R AallpBol s A AAH
1= DNA &44)8 #e1¥ 4= glgl.eH, E coli CM611
(WP2s lexA102) 4] Edwo|gA] Bl # A& E w5
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o F-of| SOS Wh§-2] repressor2. 2H-g-3= LexAol] ofs}
o] chloropropnolo] 2AA 2 QA8-g vXA] G A
22 viepyict. Wb chloropropanolel] 213 DNA &
A& 7HE 7184 S8AR € 5 SlE Al
oeld AAE 4 9len, FAdeld] WYL F2
SOS $-EAE F8ld doidg e 4= st}

#Ae &

2 d7¢ d¥= 1984 o sl
2 olfojzied, o7y Ao ZAt=gy et =3
Aol AH2-%l E. coli WP2 series®} TK series& ¥45}
o] F=4] Ohta ¥RKTokyo University, Japan)?} Akanuma
uhal(Institute of Environmental Toxicology, Japan)eli 7,
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