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Abstract

SOS Chromotest and Ames test were carried out to evaluate the mutagenicity of three chloropropanols. In the
SOS Chromotest, 3-monochioro-1,2-propanediol (3-MCPD) and 2,3-dichloro-1-propanol (2,3-DCP) except for
1,3-dichloro-2-propanol (1,3-DCP) induced SOS response in Escherichia coli PQ37 with dose-response
relationship and 2,3-DCP was far more genotoxic than 3-MCPD. The genotoxic activities of both compounds,
however, were very lower in E. coli PQ35 (PQ37 uwrA*) as compared to them in E. coli PQ37, whereas
much higher in E. coli PQ243 (PQ37 tagA alkA). These results indicate that there are at least two types of
DNA lesions caused by these compounds; one is a excision-repairable and the other is 3-methyladenine or
any similar lesion which is excision-unrepairable and can induce adaptive response. In Salmonella
typhimurium TA100, all the compounds showed strong mutagenicities, establishing the following genotoxic
order: 2,3-DCP>3-MCPD>1,3-DCP. But the mutagenic activities were very low in S. typhimurium TA98 and
TA97a. These results suggest that the mutation by chloropropanols can be induced by the DNA lesions
causing base-pair substitutions. From the result that the mutagenicities of 3-MCPD and 2,3-DCP in S.
typhimurium TA1535 were very low as compared to those in S. typhimurium TA100, it was appeared that the

mutations by both compounds necessitate error-prone SOS repair.
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typhimurium TA1535¢0]] thale] Wo|¥A & vehyo
W, 87 Wolg Ao S nyphimurium TA1537,
TA1538 % TA98el tha A= Sdo] & o oy)z] £
gk 7 o2 B3t} Nakamura SU% §, typhimurium
TA100 % TA1535¢)4 1,3-DCP % 2,3-dichloro-1-
propanol(2,3-DCP)¢] EdW o] 9A-& &elsleir).
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A% £ 4] 3-chloro-1,2-propanediol (3-MCPD), 1,3-
dichloro-2-propanol  (1,3-DCP), 2,3-dichloro-1-propanol
(2,3-DCP)2- Chem ServiceAl #)E-L, 4-nitroguinoline-1-
oxide (4-NQO), N-methyl-N'-nitro-N-nitrosoguanidine
(MNNG)2- Sigma}l #)#-& A18-519] 7, B-nicotinamide
adenine dinucleotide phosphate(NADP), D-glucose-6-phos-
phate (G-6-P), o-nitrophenyl-B-D-galactopyranoside (ONPG),
p-nitrophenyl phosphate disodium (PNPP), histidine, biotin,
tryptophan- SigmaAl AZ-&, y-A4 AFd petri dishi=
NuncA} Al E-8 Al-2-8}edc). Chloroform, dimethyl sulf-
oxide (DMSO) 52| #7]4vl& 57 Al9kg, HO=
325575 AH438lsdct. SOS ChromotestE o] £-3F
o] flA Alje] F34 == Spectronic 21 (Bausch
& Lomb Co.)g, 72] &et5% = Klett-Summerson colot-
imeter (Klett-Summerson Co.}& A}-8-8}o] &) 5=

oF

SOS Chromotetol| 4] AF8-¥1 739 Escherichia coli
PQ series (PQ35, PQ37, PQ243, PQ244)= =g}~ ol
Quillardet?} Hofnung HALERE], Ames testoll 4] AR
%l @521 Salmonella typhimurium TA98, TA1 00, TA
1535, TAY7ax v|=F2] Ames WPA}Z HE] Holuto}
Plasmid pKM101 &2} -§-5-, rfa mutation, uvrA mutation,

Table 1. Genotypes of E. coli PQ series used in the SOS
Chromotest

Tested | pS Repair R factor Critical  Other
strains marker marker
PQ37 rfa  uvrA +R sfiAxMud  F, thr, ley,

(Ap lac) cts  his, thi,
lac U169,  rp:Muc’,
Pho‘, mal’, pyrD,
galE, galy  sr1300:Tn10
PQ35 as PQ37, also uvrA*
PQ243 as PQ37, also tagA alkA
PQ244 as PQ243, also uwrA*

"Sfid::lacZ operon fusion due to a Mud (Ap lac) cts insertion
was inducible factor and PHO gene was constitutive factor.

alkaline phosphatase2] constitutivity (PHO"), sfiA::lacZ
fusion?] =43, histidine 2749 443 Yo &
A& F ARg-abd om™(Table 1, 2), =3 Sodmlo)
712to] 2 &#{A Q1= 4-NQO2} MNNGE o] 83}
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A& glslch
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Chloropropanol& DMSO9)] &sA1# 4Ae] eg
2 ZAF F SOS Chromotest} Ames testS Al A
3F%Ach. Ames test= preincubation BP0 @ Al 4] 3}
%21, SOS Chromotesti= Quillardet} Hofnung2] v}
HUE ok} MY stod AAS}ch 3 s Huoret
E. coli PQ series®] wjof(1x10° cells/mL)g- Lujx]
2 1:50(VV).2 S4s3 37CalA oF 2417) 415
HhFgE oh-(5 < 10° cells/mL), % wljofed-& c}a] 1:10
2.2 M3t o] HA Y 0.6 mLel| 2} Fx o] Al
£ 20 uLE H7FeE b 2417} i K(37°C, 210 rpm)

Table 2. Genotypes of Salmonella typhimurium TA
series used in Ames test

Tesfed Hlstld.me LPS” Repai’ R factor” Mutatlpn_
strains  mutation characteristics
TA97a  hisD6610 rfa AuvrB +R  Frame shift
TA98  hisC3052 rfa AwvrB +R  Frame shift

TAL00  hisG46 rfa  AuwrB +R  Base
substitution

TA1535 hisG46 rfa  AuvrB -~ R Base
(pSK1002)”  substitution

"The rfa mutation (deep rough character) causes partial loss
of the lipopolysaccharide (LPS) barrier that coats the surface
of the bacteria.

“The deletion (A) through wvrB includes the nitrate reductase
(chl) and biotin (bio) gene.

"R factor plasmid, pKM101, contains the ampicillin resistance
factor.

“pSK1002 contains the umuC::lacZ fusion.
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E. coli PQ379) A& 13-DCPE #|9j3t 3-MCPD
¢} 2,3-DCP+- alkaline phosphatase (APase)?] Z}A-§1
o] B-galactosidase (B-gal)?] A& doH, thxTd
v]3ted z}bz} 6 mg/assay 2} 0.6 mg/assay 2] “FIEollA]
2.2¢} 4.29] induction factor (IF)E- Uehd 2 24 SOS
uhgo] F}alA fFEgS A 4 sddckFig 1). &
# 1,3-DCP2] 79 APase®] A3t 7Hav) dojvie
0.8 mg/assay?] Tl A & SOSHME f-E&Ado] vie}
UA] edgkon], ole} e Al FUFENA IF7}
1284 SOSHKS- f-=84do] viehtx] ¢4siri Hahn
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E. coli PQ243 (PQ37 tagA alkA)el| 3]o14 3-MCPD
9} 2,3-DCPE Fvl 28 A5 Jehllgich(Fig. 2). 7
7} 6 mg/assay®} 0.6 mg/assay®] FEolA IF7} 33}
6224 E. coli PQ374 Hrlx 733 SOSHRE F=
A& Jepggiel. o2’ ZAsh= 3-MCPDS} 2,3-
DCP¢] z2H8-0) )5l X5 DNA &4 ol Tagl
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51 ’ & 23-0CP
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Fig. 1. Genotoxicity of chloropropanels in E. coli PQ37.
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Fig. 2. Genotoxicity of chioropropanols in E. coli PQ243.
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o} fARRE &4ke] AEH] lS-E AAbEke o=
4], adaptive responseE -frE3le U A =AM 2Hg
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A, E. coli PQ35 (PQ37 uvrA*)E o83 Al A
%= 3-MCPD#} 2,3-DCPE 77} 1.3 (6 mg/assay)sh 2.1
(0.6 mg/assay)®] IF& vielule] E. coli PQ3754 v
3%-& o SOSHRE fFr=Ade] Aul 7ivte] 3F4a3)
Qrh(Fig. 3). o]81&F A= 3-MCPD$} 2,3-DCPo| ]
g DNAEA 2H4-50] = AR o8 %
g 4 9l SAbo] A== oS- A AR glct.

E. coli PQ359} PQ2438] $AEHE ©= x|
E. coli PQ244 (PQ37 tagA alkA uvrA*)ol| A4 3-MCPD<}
2,3-DCP2] IF+= 7}7} 1.6 (6 mg/assay)d} 3.5 (0.6 mg/
assay)ZA1 E. coli PQ35ol|lAe] 133} 218} ¥,
E. coli PQ2439) 4] 9] 33} 6¥.ch Ighch(Fig. 4). o)<}
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Fig. 3. Genotoxicity of chloropropanols in E. coli PQ35.
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Fig. 4. Genotoxicity of chloropropanols in E. coli PQ244.
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9} 23-DCP] FAEA L Holx x|9] at4.7)2}
ol o3 FE=Hrhe AM-E el o] = Ao}
©]4+2] SOS Chromotest A8 A3} 2 2E] t}Lx} 7+
< AMIE #3384 Qlgit}. 3-MCPD$} 2,3-DCP =}
£-o]] 23t DNAEARS- SOSHES- 454 DNA &4Fo.
BA| o]F Aol HAFE sl 42y 5 9)
© S A SEo o3 B A] 9k on adaptive
responseE & 4+ 3]4= 3-methyladenine £ oo}
FrAteE &Abo] @e=o] glr}. w3yl 3-MCPDHTh=
2,3-DCP7} B8 7}t FAEAL Jehiz|e 13-
DCP+= SOSHM- A-E8A)8 vieth)#] oki=c}.

Ames testol|A12] chloropropanol®&2| 20| 9A

19933 NHE FA5A Adwe 315348 9
A $124 Ames testE 088 woldA AAe) g
X S. typhimurium TA9YS, TA100, TA1537, TA1535
+ EETTEAN A3, S, typhimurium TA1537,
TA97, TA97av 5302 wd A48 4 9)8-4 <)
AT, whebr] $19] 4FF(S. typhimurium TA9S,
TA100, TA97a, TA1535)8 o}-8-3}] chloropropanol
ol HeldA-& #lslxich B MY A4 S
typhimurium TA seriesel] t3}e] a}bz] E9)Edo]
F 9 4-NQO2} MNNGe] tj3l Eduio] 848 zA}
& A3 FH5Ao] Ao walEgirh(data not
shown).

71X & Edwole] HEd F2 o]8EE S
typhimurium TA100014] 3-MCPD, 1,3-DCP % 2,3-DCP
25 B |8 & YeigicHFig. 5). &, 3-MCPD
+ 30 mg/plate?] FollA] 2800712] & 31 ¥
o]F& el 2o}, 1,3-DCPE 6 mg/plate?] EE o4

Revertants / plate

Concentration of test compound {mg/assay)

Fig. 5. Mutagenicity of chloropropanols in S. typhimurium
TA100.

13007}, 2,3-DCPE 4 mg/plate®] Eo)A] 49007)2]
H3 HAFA)TE et ols 2e A%
+ 10 mg/plate®} FXoll4] 3-MCPD7} 11007)2] £
o) FE vehuiglle Stolzenberg2} Hine®2] ®.
29}, 10 mgplate®] FE oA 11237)9] H7Edwoe]
T8 vehiedehe Zeiger $9) X9k A A%
£ Jehiglel =3 1,3-DCP] 7% 6 mg/plate?] =
EelA 827709] A1 Beduo]5E vpehiche Hahn
599 HAStE o7ke) Aol AT FARE AL
chepigieh.

%E3]F S. typhimurium TA1535 (-R factor plasmid)ol]
le]A] 3-MCPD 25 mgiplate®] E% o4 10137),
1,3-DCP+ 8 mg/plate] %ol 12007), 2,3-DCP=
3 mg/plate®] FEollA] 882/H2] H 1 B EdHe)F
£ el e (Fig. 6), 3-MCPD%} 2,3-DCP9] E<«iw
o1& S. typhimurium TA100¢) B]5}o] wj$- kA
vhepstet. o]9} e A=, 3-MCPD7} S. typhimu-
rium TA100914 10 mg/plate®] ol 4] 11237]¢] &
HEdol e & viehdl W, TAIS35o|A =
36570 2 oF 3%-2] 19| BAEdHo]F e 48 vehy
Arhe Zeiger 59 3o} Uxjsteon, B3 5
mg/plate®] Fxollx] Z+7} 818, 631719 v]5gh 2
S0l T & WvlE Hahn "¢ 1,3-DCP
T AFERGE fARE RS Jepido) g4,
SOS<¥ 2|4 Edwo] f4-& SOSHRg-2] x4ql
213l RecA2} SOS regulone)] €31 UmuC, D7} g2
Holo}, 53] UmuC, D7} 383 9¥8 3= Aoz
423 Slrh. RecAZ} WIS SOSTE oj&4 Eqio)
el Slei B F23 QU skt 7leA
F72] Recat AZlol 54 ZAs] dgo] AH
4 UmuC, D8] HEW S5} AHA Qxfet & 5
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Fig. 6. Mutagenicity of chloropropanols in S. typhimurium
TA1535.
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b ol ge] AHHY AL she Holoh.
oo} ZHe AMES vl Fol ALY o S. yyphimurium
TA1535¢]l= TA1000)4] UmuC, D2} v]=§t 93-S
3= mucA, B §-42-E E¥3ke Eebar| =4l pKM
1010] A5l FFo|RE SOSTE &4 Eoduo]
ol A7 WA= AR Ak "ol oet
4] S. typhimurium TA100¢]212] 3-MCPD<} 2,3-DCP
2] & Eddwie] &Alo] S. yyphimurium TA15359]4]
gA Jepd ZAste o]E Exldl o3 Eahdels
SOS-8-& F3ted ARtk A& veb i Far gl
= 74°]‘4

HH, 47 Ewo]de] &l FE o]EFHE S
t)q)hzmurmm TA98}| thslAli= 37}A] chloropropanol &
5 ol Y& FdHo] AL vehlglck(Fig. 7). 3-
MCPD+ 25 mg/plate®] rxellA] 837, 1,3-DCP+ 4
mg/plate2] FEeix 707), 2,3-DCPE 2 mg/plate]
FxolA 155709 3 BEFASdHe)F] & e
i}, o9} 22 Hi= 3-MCPD7} 10 mg/plate2]
FEoA oF 95719 2 BHFO M| T B
ehliglels Zeiger 5979 B 3o} X3kt

S. typhimurium TA97a& |43 A& 4 3-MCPD

+ 25 mg/plate?] Fx o] 4117], 1,3-DCP+ 12 mg/
plate®] FXoj| 4 3487, 2,3-DCP+= 4 mg/plate?] FXx
oA 7127)9] BHEQHe|Fe #E Jehe] S
typhimurium TA986l| 4] ¥}t %7 viehdch(Fig. 8).

o]Are] Ames test 72} SOS Chromotest 435
Zg}te] & uf, 3%-F-2] chloropropanol& 2.5 47}
| gtol| oJgF EdWolE Yo7, 3-MCPDs} 2,3-
DCP+= 3-methyladenine 4= o]} §-A}3+ DNA &4

Revertants / plate
-4 8 8 8

@
-3

[} 5 10 15 20 26 30 kL
[ ation of tast d (mglassay)

M

Fig. 7. Mutagenicity of chloropropanols in S. typhtmunum
TA98.
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Fig. 8. Mutagenicity of chloropropanols in S. fyphimurium
TA97a.
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MCPD % 2,3-DCPel= 22] SOSukg-& =317 o
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® %
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propanol (1,3-DCP), 2,3-dichioro-1-propanol (2,3-DCP)
3} 72 chloropropanolEo] U AFolA HAEHL
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