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Captan, Diazinon, MEP, Malathion, EPN 2 UV & 2413 Hgxjele olF w9 ds
Halo A Br}E. coli WP,S (uvrA~, trp~) #5¢) Soldlo]gulerl B9kn o5 5ope)
wEAe aE 3t 7k Qo s vehgon [ z7stlA] olE Foke] HElwEE Hi
2 59e e mansE Bgoy of 33 g EdvWel ke cinnamaldehyde
309 2 60ug/m¢ 1231 tannic acid 50ug/me KRt 2 ZH7F A7S o pAEIn HIE
2 Z7HRAL

. Captan 9] #2200 (m) 2 A17H) A el adbe vhE BIE7) S wet E. coli WP.S
(uvrA-,trp”) o revertants FUHAE S IREIYe R Z7HAROY, EEBELE 2~50] B

A Zobglon 610 Helw) RFEle g2k ol Captan o FFol F7katel wet
DNA ¢ #4o] repair SE24 484Kl Z7197] Mohkz error-prone 2 2 ]l8) S0l
FuEst 2En ARge Foke) HE AFEE} ARFE PaHASS ARt

. Captan HE$ AR (4 2413 1H4) o2 i H7be & w22 Aelo 2 E. coli

WP:S (uvrA~, trp7) 359 Eddo] fdvle 9 4282 2% Captan 9] Held ®r}
z}z} 27)Eeh ol #FE Captan 28 Ha|E 2 AJ7F viv) e DNA £749] repair 7)
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QAA7E &7 Ed¥e] BHo] =&xW WA, WY 2§ 7‘“}# S vl F337 ko] A
= 822 Sd¥o] Ee A o)A (Dean & Danford, 1984) 2] WAooz Jlxe] A& L 2
o Falist Aoz delx Ut (Kondo et al., 1970 ; Ishii & Kondo, 1972 ; Takebe et al., 1972).
3 Eddolgde E4o] zbE FHAA N G FUAS Hog oilHE Y AE DALY
Ak el w2E el A& Hele VHolEA ¥ Fx A 5ol sz Fd AAE
o] it FES Ly Q) Atgre] MAA AuEsztE tF7e] DNA repair 714+ 2452 Exc™
thel Ze w7 Adlo] o] UV ol sl tidw e dimer #MAZT0] AExo] glgol e,

(Dean & Danford, 1984 ; Cleaver, 1968 ; Takebe et al., 1972), ©]&i3+ 1 S5A B Qs F

3 WolYHEL MY ES o83 Zdvio] FuddE B3 &+ At (Ames et al., 1975 ;

Kada et al., 1980; Ohta et al., 1983). MAFES o] &3 Aol dHE & 5347 NA <k 80%

7} debde Jehez kg Eao] 1) screeningB o2 A M AlONA de] o]&¥ 1 2tk 1960
(<]

rﬂ Og}

o) FHERE AR g8 2 wok 3 sehae dREEE BY (L, 1982) 4
AES 2F (9%, 1960; AAE & U9, 1989), FRH AHAZ HAA7ID ek ol o}
o GlRie dialgeln po] Aol sl AEAomE Aol AR, HHH B0 1@% st
of Aupge 2HE /bsdel Utk @A $o svhel FepHEAHE hd o %9 ek o ol
BT A ok BE & EgelN FHM SEa fom], elE 21, 2000 E0] el Hck ¢
Gt Y ofe) AES BAlol AU DU A2 ul shshl Y A% Hgrlee
rdstrehs ool AFol AR ofel wofol WA Wl BAH wE ARH Egom AFd B
W 0 E0e ofol ARE AES AR WE A wi AAY 2FFS I/ Aot
W szl wepautt Wb b 4sHom A8 Aol

= ¢l #7] A#A Captan ¥ {7104 435AHe &=, &8 4
g 1g]lu UdAEEe Captan & ¥HER2I3 T2 E, coli WP:S(trp, uvr )

HFE o ool AAelA e HFNSS
AES odEd v wE A HellMe dF

T2 2
ARgEE 9 egA]

B A#e) Algd #3EE. coli B/r WP:S (uvrA~, trpE")oln] 4B Frekdpsiel T. Ohta X a2
B Bopieln, Nutrient broth vifedol glycerin & 10% 34 #H7} —80C A HEF A& APl AHE-R
t}. BiR 2+ Nutrient broth No. 2 (oxoid) £+ Vogel-Bonner & #4 ®i#] E (NaNH,HPO,-4H,0 3. 5qg,
K,HPO, 10g, citric acid-H,0 2g, MgS0,-7H,0 0.2g, glucose 4g, 5% 1,000m¢) (Venitt et al.,
1984) ol WA ZE trytophan 5 ug/ml, SATHEEL 1ug/me & F718led Apgor I shdulA] 2 top
agar (0. 6% agar-0.6% NaCl) % 242+ H7} AR ch

Eavold 4 Alef
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g A7) 582 tar & glass fiber filter ¥# suction flask £ o & =s) 10709 (109" 4 24) &
el e FEHE(0.49) % aceton I DMSO & £aiAl7l & FHFR 84 EdAdeld Adel Aregint
(Mi- zusaki, ef al., 1977). F712 74 Captan ¥ §7)914 4342 Diazinon, MEP, Malathion 2@ EPN
(JE ) 32 TRFF MPLO acetone Fi= DMSO ol &aA17) F 2F52 34 AHe3lon 4NQO
(4- Nitroquinoline-N-oxide :nacalai tesque), DMSO (Dimethyl sulfoxide :FI¥;) <123 &)
Ao} o 2= tannic acid (EZE{LY¥) 2 cinnamaldehyde Ci1Y) & ARERT)

EN

107/me o) FEEY Tng 8 I 9em Petridish ol W1 3 HA1718H 15W o] Toshiba UV 4 502 6.5
erg/sec AFE Azl 102 24 & 2 HoF L= il tar o EgHelo] W B3ela oW At
e Ed¥els 2 HEES B8 e E vxejd g} viwsds 2 S48 =2H%S
el Jgg HEStuA Fr}

z2l9] el Makg 248 UV radiometer (Topcon UVR-1 :Tokyo) & oj&sit}h

EAdolg R HEEEA

E. coli WP,S (uvrA™, trpE") @& nutrient broth ol 20h % 37C oA A RF & w22 50
oy SA 7174 WS 10, 000r.p.m oA 104 4R, Fel® #Ale 1/30M 483 (pH=7.2) =
23 AH R AEEE EA¥o) Xelg gAY Ak wHEHY 0.5meol GF T oY Fo wokg
E3st Biset 0.5m & H71 37T oA 3082 Aehldsle preincubation (Venitt et af., 1984 ;Kada
et al., 1978) Yo g Helg #d=Y 0. Imé = tryptophan 1ug/mé ¥£3 top agar 2me &2 &%, Vogel-
Bonner #4mjA] E ol tryptophan 1ug/m¢ X¥ 3HulA] o BARA 37C 3Y s 28ste trp*
EA7E ASYD, AF#FE 107°% 107° 22 34 0. Iné € tryptophan 5ug/mé £3F top agar 2meol &
&, Vogel-Bonner 4 ¥l#] Eof tryptophan 5pug/mé & EFAIZ] S8 ulz] 9o 244, 37C 3
WgF &4 colony B AZs=ad et o] HFuIEE ok 9 ool BAE EFA=R ¢
& Bgrg Avel A foise EAWelE I AT viXe Mg Ade Nz vimsta 4ANy B
TFE AT F FYch

3 Captan 2] Al&HA wrEAe] 2 Captan & {711A 2549 A2 E8 A2lg A4 diju Sy
Vogel-Bonner # A%} tryptophan 10ug/mé & #7213t Aaui=lz FF 22 wixz 508 34 j4=7)
A ek, 2 AMA 4meoll FEE 4me F 5F 0.6m E Wil 37C 2AIRF ARiYE RN EE HF
o] B E 2 AGaESE A gom, ozl oAl MEEA 2A7kg 22 Fek £ UE sk A
A7F Helshe] w e L AvIzte]l WA duiF Fopel At He g uet futde Ed¥els ¢ A

#rE FHh 21 3 2% antimutagen A7} Aol &3 YEGO nx= JTFE =iz} Vogel
Bonner #HAwujz] E o H#u=)o] cinnamic aldehyde ¥ 30ug/mé X 60ug/m¢ “Le]il tannic acids 50
wg/me EFAA 4 2ol who s A & 0. It & 919l top ager 2meoll EF 1 Hol EAAA 37C 3
UE FH3e trpt EAFF AW E T 7 Haw Ao seFHoig HEE trp’ revertant F (Mi)
A EFdTE AT F a2 Jehidch

Captan 3} #711#) 434 (Diazinon, MEP, Malathion, EPN) 2] SA]2 &4
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AAC B P dede H8e 5 HEHENY, BEEN D Mgl el old 298Ag v}
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1. Effects of simultanous mixed
treatment with each combina-
tional composite pesticides and
treatment with each pesticide
at indicated dose for 30min
on mutagenesis,
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Table.l. Effects of simultaneous mixed treatment of UV and tobacco tar and each pesticide
on cellular viability and mutagenesis.

Viable cells/ Net induced Frequency of

Treated rznutagen 10° dilution trp* rever- induced rever-  Survival
(erg/mm?) or (ug/ml) plate tants/plate tants/lO8 cells %
Captan 5 174 178 1023 54
10 132 203 1537 41
Tobacco tar 13 315 90 286 98
06 302 130 430 94
Di~~luon 5 261 186 713 81
10 237 195 823 74
MEP 5 290 164 566 90
10 258 178 690 80
Cap.Tob.Dia.MEP 148 390 2635 46
each 13-5
Cap.Tob.Dia. MEP 148 650 5285 38
each 66-10
uv 32.5 187 538 2877 58
65 90 670 7444 28
UV-Cap 65-5 54 450 8333 17
UV-Dia 65-5 76 870 11447 24
UV-MEP 65-5 101 815 8069 31
UV-Tob 65-66 90 878 9756 28
UV-Cap.Tob.Dia  65-5 80 795 9938 25
MEP. each
UV-Cap.Tob.Dia
MEP. each 65-5 73 982 13452 23

The ranges of spontanous trp+ revertants per plate were from 9 to 16. All the determination
are averages for plates.
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Table 2. Effects of cinnamaldehyde and tannic acid on the mutagenesis and cellular viability
of E. coli Bjr WP, S strain after simultanous mixed treatment with composite

pesticides.
Mutagen concn Anti mutagen Viable Cells/ Net Induced Net frequency of Decreased Survival Increased
(ug/ml) (ug/ml) 10-5 dilution trp* revertants Induced revertants Mi ) Survival
* plate Jplate 1108 cells (Mi) (%) %)
Captan 2 - 328 196 597 94 70
C30 438 16 37 94 94 34
7.7 - 314 67
C60 277 58
T50 391 83 25
4NQO 2.5 - 85 1027 12082 13
C30 91 914 10044 17 15 15
- 83 i3
c60 75 1%
T50 97 17 31
Cap. Dia 2 - 260 456 1754 55
each C30 390 46 118 93 83 51
Dip. MEP 3 — 393 611 1555 84
each G30 481 120 249 84 120 22
Cap. EPN 3 - 281 60
each C60 346 74 23
T50 320 68 13
Cap. Dia. EPN 3 - 293 486 1659 62
each C30 406 214 527 68 87 40
Cap. Dia. MEP 2 - 280 336 1200 60
each C30 360 18 50 96 77 28
3 209 209 45
C60 202 43
T50 256 55 22
Cap. Dia. MEP. EPH T 117 259 2214 25
each 2 C30 190 184 968 56.% 41 64
3 - 237 51
C60 166 35
T50 384 65 27
Cap. Dia. MEP., 3 - 245 52
EPN. MAL. C60 327 70 35
each T50 334 71 37
*C30 cinnamaldehyde 30ug/ml in plate % decreasc in the Frequency of Induced revertants (Mi) per plate.
G60 cinnamaldehyde 60ug/ml in plate Mi can be obtained form the following expression

T50 T'annic acid 50ug/ml in plate mutants/test plate - mutants/control plate

Mi =

viable cells/test plate
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Table 3. Effects of a serial repeated addition treatment with Captan 2.1ug/ml per 2 hours on

survival and mutagenesis.

(&=9} { g%)ieatrins Bo1

Mutagen Treated Viable cells/ Induced trp* Frequency of Increased Survival Increased
Final Concn hours 10°® dilutoin revertants/ induced revertants/ times of survival
{ug/ml) (h) plate plate 108 cells (Mi)  Mi (%) (%)
0 2 199 9 100
2.1 2 186 124 62 93.5
4.2 4 228 436 187 3 115 15
6.3 6 239 819 339 5.5 120 20
8.4 8 375 1914 508 8.2 188 80
10.5 10 185 2049 719 11.6 143 43
12.6 12 42 770 1573 25.4 21
14.7 14 32 1246 3866 62.4 16
16.8 16 14 734 5179 83.5 7
18.9 18 8 580 7138 115 4.5
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€insl dose ug/ml and hours of treatment with ceptan 2.1 uarmi
Fig. 2. Effects of a Serial repeated Fig. 3. Effect of a serial additional
addition treatment with captan composite retreatment with

2.1ug/ml per 2 hours on Survi-
val and Mutagenesis.

double concentration of each
pesticide and additional compo-
cite treatment with each pesti-
cide per 2 hours on cellular
Viability and Mutagenesis.
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ae)n 297 B2 TR olF Fool Eolgtg wd EHEHHE 125814 gich Captan % 2t 594

Fo BEAD ¥ 180 Ha ovlE M AlRHo g Hrigh $eo] EdWo] Hlin U NS 3
B3 7o) 14 3 g 3olth C?ﬂtptan—2 M 2413 Bk (At Aol A|zkel 4uie] Al 9]
wok7)7ke Captan © & A7l DNA #2448 error-prone repair 7179 repair Z3g A Azge] &

38 E5) rged, 2A3% H%kg Aag o DNA &4 382 5o |2 £71Hgth Error-prone
SOS repair 7]l Bdsts G4l Z7bd e el Diazinon & H7H4 Adstn 24105 A
BARE Y33 A Y-S 21.6%u Y VAT E9¥eHIE = Captan ZohEu) vzt 5
7Hich,
FokS 212 Ao R Hrhd g Az Ao wlsd dHE Bdoh 22 Malathion

I:
S H71H HeEsln 2A7E wrE w2 2o Captan B 2 A5kl shid Fapxoz A 7t
Z .:_
6

e w AFEL HTErr) Zrbshsd wel dagn BAWelYIEE %9 Captan of M8 12,5
) (¢Fo] Malathion HelBch 6.6%) ¥52 2718 2@t 2 7248 5 =2 &8 AXe 4
3= 59 Malathion #7t2 Sdwol fulwrl 14190 (Fe] Malathion e} ®laf 73.64) F
7vel A aas Bk ATgY Fast %ﬁh&om_&e} FeA Zvke R FEE &Y 59e

A g, Wb AN e o vebd,

E g

Ht FUE Aufa] dolge) A (A & 1WE, 1989) FxA JoHA F ZHE #UH of
A Boll B AMEElE Ax BEof ¥ Mgl IRH Ux FE (A, 1986) HaL qdth AFE-Eel
H5¢ f71datA Captan S F710A AFAe] dsxe] 3 Captan % M2 b8 28e| FA1H
H3Aele 2k 305 @9 vRbE dn 5wz 298 vepdoi (" 1, 1), 989 A4
oz sdv¥ol94 S dH3] darde BAE EEstn slgol e (Morita et al., 1986,
1978 ; Kada et al., 1978 ; Ohta et af 1983 ; Shimoi et al., 1985) Bol¥AAE 4AANI= EF
TE 9 FANE BEdo| B dvs Ly B B ouf o] ¥ A8 Helx FQa3s)
t}l Captan Y% 2 Captan 3 thiz ot £21 TAA 23dx28)S u cinnamaldehyde 2 tan-
nic acid 7} #¢E = revertants 9] YIRS HAAl7 1 AEEE VA Avke A (E 2)E oy
FEAWIAE FFe AEFS P HIste Ae 2HF oo R FE9 B9 E fEEdvo s
744 (Ohta et al., 1986) 13]‘7 e Zole 1A whdo gt stk

9] 2BA A3 g zFHgko] ZrlE], FUEE revertant o HlEE vREA P pE7) (
5]% AR Z7h o) wet ey w ZuhEHATh §H AREE 2~537A] FrEden oleld &7 }
= 2§ Captan& H7LF 24131 vl sl Abolo]l DNA & &°4-8 repair 3t7] 93) (i3] Azt
4uf 2] vl 7Hel SR EE A7 L 226l H-2817] 93N, repair(Witkin, 1976) 7] 7ol #8ts AT
& Z7}Morita et dl., 1986; Ohta et al., 1984; Obana et al., 1986) A17) AFefoll A|2~58717) o] whER] ]
A3+ (& low dose ##]) error-prone repair 7] #dsle A AZES 74]5: Z7AFHEA B
dvio] RIEE 11. 6M7hA] S7HA1 7S Holoh 68 # Q) vHEA 2] 2 Captan 2] THBL 12. 6ug7tA &
7} Low dose & ¥HE-22]81H DNA repair mechanismoll 2H8-3l= g4 A Ako] Z7l5]  dose-
Z7}ol] wE AJzarMe shoulder 7} AR Aoz gk (Davies & Sinskey, 1973). Mitomycin C

_3_
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2 2% DNA 9] cross links & post incubation %59+ A A=y chloramphenicol 2 #3ko) A+ 3]
dEog, Held FEEE protein 0] repair o] £238HtheE RS ¢ 4 9} (Kitayama, 1982). A
E&Y 7= 3 BN repair AE TV AV S Mdels) AR dakg B 5 ok
Captan H7h5 2 A1 W2 Captan 22 ) DNA &8 repair 3l S4517]0) F88 A|7ko]
o g uvrA el UV A2 $ A 2EYe] 168 2ol oy 60~120% vikste Alo] DNA
= v A F o Ede] 3 EYcHRupp et af., 1971). 2} 7
pair 7197} freH Wik AEEE haH T o) E"“’“]J © AFHer I (g2, &
. o]2& d# Captan 3 #7104 245A19 AlRE Eg&AelolE vepsith 2AzbER 2
:6‘91}*% @2 Ak Ee AEEE Z7MIHL E9RHoNIEE AS Captan X2l vz Z7t

F#o] Bolx|H error-prone re-

A, AeleRE TR 28 Captan FE 2410 £33 W7 Meepd 428 Hx o
AFo7tn EARoNIEE dsdoz Z7En (2 3, B4).

g AN XY FAWoIA¢l Catan & cysteine X blood & ¥/l 105 wigdslhd  Sdw
o] activity 7} §1o1%) 2, sulfhydryl group & 7} Alg2 AHSHE F o] HRAL negative AFE 1

ol old weofol AAU e T Fesviete ol os) (BAAM) AA Ay ol
werel e 8l Aolehar Baushil )lth(Moriya et al., 1978). 18 shushte] W Fok
of et FR3)87IFo] Hdatrizie ol wofo] U HuEddoME: Az4on v A
bR, eizh g deHo s FUMHER AR rES telEl 408 nejs o gl
dAdes e Wm S & 5 Axs 7 ool AFeE 71Ee Huz g 54
ol 3 wok AR S8VITE AT davh vk G4 4% volde FEAH] Bde 3E

i
A
o
=
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Research on Environment Mutagens and Antimutagen: Effects of Mixed
Treatment of Fungicide Captan and Organic Phosphorus Insecticides Diazinon,
MEP, Malathion and EPN on Cellular Viability and Mutagenesis in

E. coli WP, S (uvrA’, trp’) Strain.

Bong-Gum, Cho

Department of Biochemistry, College of Natural Science,
Kon-kuk University, Seoul, Korea

This study was carried out to investigate the effects of individual treatment of fungicide
Captan or insecticides Diazinon, MEP, Malathion and EPN, and repeated treatment of Cap-
tan and to simultaneous mixed treatment with these pesticides on the frequency of induced
mutation and survival rate in E. coli WP, S (uvrA’, trp’) strain.

The results were as follows.

1.

The simultaneous mixed treatment of Captan with Diazinon, MEP, Malathion,
EPN, and UV radiation raised the frequency of induced mutation in E. coli WP, §
uvrA, trp) strain. When the concentration of the pesticides was increased twice
as much, the frequency of induced mutation became double. However, the in-
creased frequency of induced mutation was depressed with addition of cinnamal-
dehyde 30mg and 60mg/ml and tannic acid 50mg/ml concentration of medium
respectively, but survival rate of this strain was increased in the same condition.
The time differential repeat-treatment (every two hours) increased the frequency
of induced revertants in E. coli WBS(uvrA’) exponentially, and further the survival

rate of this strain was increased by repeat-from 2 to 5 times, but decreased by the
treatment from 6 times. These results suggest that the increasement of the frequency
of induced mutation in the strain is due to error-prone rather than increasement of
survival rate by repairing of DNA damage, and that the higher the final residual
concentration of the chemicals is, the lower the survival rate of the strain is.

The frequency of induced mutation and the survival rate in E. coli WP, 8 (uvrA,

trp’) strain were increased by the time differental treatment (every 2 hours) of
different additional pesticides following captan-treated. And when the concent-
ration of pesticides was increased twice as much under the same condition, the
frequency of induced mutation was increased synergistically while, the survival
rate was decreased.

Because the frequency of induced mutation from the treatment of simultaneous
mixed pesticide was increased additionally doublingly and synergistically, the
residual tolerence level of each pesticide should be set up to be lowered as much
as possible in respect to the total tolerance level of pesticide-residual.



