O

o

O HPEREE 35(4) : 315~320 (1996)

Korean J. Appl. Entomol.

A XNE =u0i2|0jlA Heterocyclic Amines@} Aflatoxin B,0j| 2|5t H|M|E

SIHO| e T2M0 2E AT

Hypersensitivity of Somatic Mutations and Mitotic Recombinations
Induced by Heterocyclic amines and Aflatoxin B, in Transgenic Drosophila
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The effects of 2-amino-3-methylimidazo[4,5-f] quinoline (IQ), 2-amino-6-dimethyl-dipyrido{1,2-a;3',2'-d] im-
idazole (Glu-P-1) and aflatoxin Bl (AFB,) on the mitotic recombinations and somatic chromosome mutations
were investigated using the transgenic Drosophila bearing a chimeric gene consisting of a promoter region of
Drosophila actin 5C gene and rat DNA polymerase B. For investigating mitotic recombinations and the somatic
chromosome mutations, the heterozygous (mwh/+) strain possessing or lacking transgene pol B was used. The
spontaneous frequency of small mwh spots, due to deletion or nondisjunction etc., in the non-transgenic w strain
and the transgenic p[pol B]-130 strain was 0.351 and 0.606, respectively. The spontaneous frequency (0.063) of
large mwh spots, -arising mostly from somatic recombination between the centromere and the locus mwh, in the
transgenic p[pol B]-130 strain, was about three times higher than that (0.021) of the non-transgenic w strain. The
mutant clone frequencies of two types induced by two heterocyclic amines (IQ and Glu-P-1) and AFB; in the
transformant p[pol B]-130 were two or three times higher than those in the host strain w. These mean that rat
DNA polymerase [ participates at least in the somatic chromosome mutations and mitotic recombination
processes. And the present results suggest that the transgenic Drosophila used in this study can be used as a hy-
persensitive, in vivo short-term assaying system for various environmental mutagens.

KEY WORDS transgenic Drosophila, heterocyclic amines, aflatoxin By, somatic mutation, mitotic re-
combination.

Drosophila®) actin 5C $2a} promoterol] 2] DNA polymerase B cDNAE =UAIZ] A AE 29271 2
Z4A 8744 Wold AEAR ALY § JeXE 2ARKEY. AAT GaA A2 AAE G4 &
Avlole] HES MM E heterozygous(mwi/+) AlTS AHE3IATH FAAFe] Ao} ulEe Fol oj&
small mwh spot2] A} LAl A ¥l non-transgenic w Al 5-2} transgenic p[pol B]-130 AEA 2}z 0.351
2 0.606 A =FTh AAE GAA A 23l 28t large mwh spote] A FAA Hlxo] L= transgenic p
fpol B]-130 A E(0.063)°] non-transgenic w A E(0.021)°l ®af <F 3v A= A el IQ, Glu-P-1 ¥
AFB, 5¢] Ed®olde] Meld 23 A%, F FFe| mutant clone®] H4 == F]©] DNA polymerase B
7} ¥ transgenic pfpol B]-130 Al 5-©] non-transgenic w A Sl v]&le] BT ok 2-3u)] AT EA vrebyc).
E A9 A== 39 DNA polymerase B7} 3 A% AAHE G4 SA¥e] Fido|} AT G A=
ol A ol Folghe guisid, FAAE 2uz] Aol 734 Wold HEARM FEF 8754
o] ASE Ho F}
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DNA polymerases S|4 713 A3 2] 232 1
F E¥stx e Aoz dejA glchk(Perrino & Loeb
1990). DNA polymerase B 223 A 2} WA 9
F4 Ee HFA 3 AT BT v He o
2 EAsta A EF7] T Azte] AWzt glon
(Komberg 1992), 12] &4-3H3 EA3} A ER3} S0
& EAYte A 52 DNA 3|5, 53] A A3 &
#dgd Ao 2 delA gt} (Komberg 1992; Wang et
al. 1002). Eg 4719 A Fo) AN T PR
A Bt ] FAs) g ellA DNA polymerase
B7F DNA A xgol| #AE 7H5d0] & 3o g 33
o] 31 A t}H(Hirose ef al. 1989). £3) 82+ &3} 4) 2]
2] g0l wel polymerase o] HA}gFo] F7be Ak
= BiE o] 84Ut AW fdmtx I B
£ 71 52 AAFcH(Komberg 1992).

7R R4 2] DNA polymerasex 371X 7} B
1o} gkor}, Shimizu $(1993)¢ E-&EE9 DNA
polymerase B} A3+ Al 22 DNA polymeraseE &
2l5te] o] polymerase IVE} BHEgew, o] po-
lymerase IVS] A35}8t4 Q] £E4& 225 27}, §29
A 3G A G2 POLK F7 A el 28 encode® & B3
on, Al X F7lo] W FH WalE dEAe vt
Slt}. Leem $5(1994)2 o] polymerase IV7} 2220
2 A& AW HAES o] 83l EAWo|UE
N A4 aA Az 2 gpRg et ¢
2 W3}t 5o ZAleA DNA o|F Wide] Hdg 3]
Estet #edgtia g vt glrt. o] 9} 2 oJeirix]
A AFENA ZTHFE2] DNA polymerase L ©]
o} FAFEE &2 2] polymerase IVE DNA 38, A=
g2 gddo] T UH BAVL A& e 5
FEA T, FEg YeiEdd 7152 oHHTR Eei
u} gict.

Drosophila~= A EE9] 27 vlgo] £ #
AR} 715 S A% RHAR {RAF 23] vln
H goldhn, T3¢ FUSH, BANH I 44T
&2 Aol ZH¥ vk ol|gl P-clemento]] 2% 4
A Zste]e] Aze] o] 9lom(Rubin &
Spradling 1982), DNA 3] & (Barker ef al. 1978; Smith
et al. 1980)7} DNA ) Z3%H(Garcia-Bellido & Merriam
1974; Becker 1976; Graf et al. 1984)0]] 3l SHo)
A7E ol &2iA ol FAME 2wele] AR &
3 A7) Hold| A A3AQl 1AL Hojx 9

CoMl L e

TH(Yoo et al. 1994ab). Yoo 5-(1994a,b)2- # 2] DNA

—

=

™

[o)

ul o
B

T

F % 3

A Vol. 35, No. 4

polymerase § cDNA7} =€ A48 a8 5
©] DNA polymerase $2] 7158141 & /A FFAA A
=3} 1} glc). o] 8 918} Drosophila®) actin 5C /-3
Z+e] promoterol] 2] DNA polymerase B cDNAE <
ZAIZ chimeric FAAE EUE FAAE 2}e] 474

S 42 A3, =¥ DNA polymerase B} @24
g AN 2T 2D, 1 4HE-E DNA po-
lymerase BEA 2] AT 71 U
bridization©. 2 3151 TH(Yoo et al. 1994a). L3t
DNA 3|83 dai jZ%e] n|x)= DNA po-
ymerase BSl S WusiEA WAAE Zsesh
n7ed 8724 Eddiold AEAEAY &8 7k
o thald =3 ul k(Yoo et al. 1994ab; Choi
1994).

£ AHolM e Yoo 5(1994a,byel o13) Azte &3
A% 23] g o] &t EARo|Ho & FAH &
o] fiat AAME G A z$hol| vX]= DNA
polymerase Be] 8-& HAAE T ¥l malod ZAIeke
oo, o] FAME 2utgr} §RA Hold FEE 4
44 Sd¥old AEARA &8 7k
Ho] EAS G 2E AT,

in situ hy-

& A

Mz 2y

2 AEe g 3298 202 ASL Yoo T
(1994a,byell 2lsf A2l #H el DNA polymerase 3
cDNAZ} 98 w p[pol B]-130 Al Bl om, 19] ]

BARD AE w L w; mwh ATE AL

O x O

B AAE AT w, mwh/+ F3E 471 At
olEj o] w AIE AH(wiw; +/+)3 mwh AlBS] £
W/Y; mwh/mwhyS el A% 2™ (Fig. 1A), 2] DNA

FAAE @ plw+; pol B];
mwh/+ §%& 47 YaiXe 2448 AE w plpol
B1-1302} A (p[w+; pol Bl/p[w+; pol B, +/+) mwh
o] FARAW/Y; mwhimwh)S mHl AR t}H(Fig. 1B).

EdHo] 8O 2= heterocylcic aminesol| &3}
© 2-amino-3-methylimidazo[4,5-f] quinoline(IQ,
Wako Pure Chem. Co., Japan)¥} 2-amino-6-dimethyl-
dipyrido[1,2-a; 3',2'-d] imidazole(Glu-P-1, Wako Pure
Chem. Co., Japan) ¥ aflatoxin B1(AFB1, Sigma
Chem. Co., USA)S 18310, o]|EL dimethyl
sulfoxide(Sigma Chem. Co., USA)| Fo| A £/
SEEEERETT-{2Y

polymerase B7} 2& sl
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EdMolde] Mg 3 79 ez de
transgenic p[pol B]-130 A%} non-transgenic w A%
o) 3%7] o WU (mwhis) F3E(T2E4E o}
10, Glu-P-1 % AFB1e] 3|4jelo] 93 Solgle A}
el $A -3} W7tA] 25°C L3t A A&
A7 oizl AABe) WA Belael zAE 4

A.
wiw, +/+ X w/Y; mwhimwh
wiw; mwh/+ w/Y; mwh/+
B

plw+; pol BYplw+; pol Bl +/+  x  w/Y; mwhimwh
|
f 1
plw+; pol Blw; mwh/+  plw+; pol BYY; mwh/+

Fig. 1. Mating scheme for the heterozygous (mwh/+)
larvae. A; for non-transgenic flies with genotypes[w/w;
mwh/+], B; for transgenic pol B flies with genotypes
[polfiw; mwh/+] or[polB/Y; mwh/+]
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Ue Wo] METe FHE small mwh spotd} large
mwh spote|CH(Graf et al. 1984).

da % o

DNA polymerase B= DNA 3]&, 53] 2|7 3%z}
DNA A Z8lol| #qE 7hsdo] UE A2 FHHo]
2 et obF FEF v ¥EHA Ht o
(Komberg 1992; Wang et al. 1992; Hirose ez al. 1989). ¥
Ao M= T4E59] DNA polymerase Bl 7]% 314
< 9% d¥e g, #9| DNA polymerase B7} =€ 3
AR gzale)e] GAaA EAo] fdat AME G4
Az 49 A=E A/ AL vlmzAL et

Table 13} 2= # 9] DNA polymerase B7} AdE
transgenic p{pol B]-130 A%} non-transgenic w AlE
2] 387] heterozygous & (mwh/+)9ll 5 F7F2] het-
erocyclic amines IQ9} Glu-P-1& &3 Z3jojr}. o
71 17 == 209 mwh A E2 FAE small mwh

Table 1. Somatic mutation and recombination detected as mutant spots in a non-transgenic w strain and a
transgenic pol B strain induced by treatment with 2-amino-3-methylimidazo{4,5-f] quinoline at the third instar lar

val stage
Strain Exposure Frequency per wing(number) of No. of Frequency' of
dose(me) small mwh spots  large mwh spots wings scored wings with spots
w* 0.0 0.351(151) 0.021(9) 429 0.322(138)
0.25 0.471(57) 0.0334) 121 0.347(42)
0.5 0.572(83) 0.076(11) 145 0.448(65)
pol f** 0.0 0.606(300) 0.063(31) 495 0.489(242)
0.25 1.023(90) 0.159(14) 88 0.705(62)
0.5 1.211(138) 0.158(18) 114 0.737(84)

*Non-transgenic flies with genotypes[w/w; mwh/+], **Transgenic pol [ flies with genotypes[pol Siw; mwh/+] or[pol B/Y;
mwh/+], 'Frequency (number) of wings possessing at least one spot

Table 2. Somatic mutation and recombination detected as mutant spots in a non-transgenic w strain and a
transgenic pol B strain induced by treatment with 2-amine-6-dimethyl-dipyrido[1,2-a;3',2'-d] imidazole at the third
instar larval stage

Strai Exposure Frequency per wing(number) of No. of Frequency' of
rain . . L
dose(meg) small mwh spots  large mwh spots wings scored wings with spots
w* 0.0 0.351(151) 0.021(9) 429 0.322(138)
0.25 0.463(37) 0.038(3) 80 0.413(33)
0.5 0.488(60) 0.049(6) 123 0.455(56)
pol p** 0.0 0.606(300) 0.063(31) 495 0.489(242)
0.25 0.792(76) 0.052(5) 96 0.573(55)
0.5 0.831(69) 0.072(6) 83 0.602(50)

* ** and 1. see Table 1
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spote: Al el Aol B8 Foll o Agol
3, mwhot 37] o]’de 2 ZAE large mwh spot-2 A
M G Az 2@ 73 -9-0|H(Graf ef al. 1984).
HA small mwh spote] 73-$ non-transgenic w A 5-2]
) ZFoll H])3}ed transgenic p[pol B]-130 A& <k
2] A= & =2 et F A% 254 1Q
R Glu-P-18] X8| Fx F7to] whg} Ho] FL HIET
Z71EQ5d], 0.25 mg/mle}t 0.5 mg/mle] 1Q AT
oA non-transgenic w A1 52 0471 2 0572 =R
1}, # o] DNA polymerase B7} 4}]% transgenic p
[pol B]-130 Al FellA = ol Bt Hat 28 o] 4
ERdTh Glu-P-19] He|ZolX = AN F FollA
o]9} W]<=3lA| transgenic p[pol B]-130 AlE<] non-
transgenic w A| £ 8T} HF 2-34) o)A L ¥l E B
A},

HzToAA AAE GaA Azl 23 large
mwh spot 2] ZA-olA % transgenic p[pol B]-130
Al %2 non-transgenic w A E-<l] 8]}t 2k 3uf o] A} =
A vkon, 10 Helde A4 2AHE 271A] A8F
AX BF FAAG AlFol oF 2-3u) o #E& RIEE
HgtH(Table 1). Glu-P-18] A% IQ9] ®]eld & thi
X AA A o2 F 2] DNA polymerase B7} A€
FAHE AlBo] ¥ AFEE 24 v Ha
3 7] o]Ate] mutant spotE JIR| & iAol ¥HIEE
1Q 2 Glu-P-1 A 2|7 RFolA AA|# 02 transgenic
plpol B]-130 AlZo] non-transgenic w A Z X} of$
EUSS ¢ £ UR3, 107} Glu-P-19)] Mt T}
74e Al & AYx &L ATy A
E3 FARFE tH(Choi 1994; Yoo ef al. 1992).

Table 3& AFB1E heterocyclic amines®] 2]l A]
o TLE W 9% AF}EA, ZALE AFBIY] ¥
oA small mwh spot®] 3 ¥l non-transgenic w
AlZo] <F 1.6360]9-8f| B]8) transgenic pfpol B]-130

ar
Lo

F 8 3
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AFAME olitt < 1.3d] A JEhuts, lage
mwh spot8] 73%-= transgenic ppol B]-130 Al ZFo] <
279 o4l & WES uglth weby 2448 37}
A2l Aol Qo) thsle] M A2 S 2 non-transgenic
w AlEc] H)dkd DNA polymerase B7} =®
transgenic p[pol B]-130 AlFNA AMoj} ¥ 5
A og JAA Aol MAE A A2 T
o] fridel o] vl 22 ¢ 5 U

oldel AFEcdM ¢ F e utsh Zo] FH
DNA polymerase B7} =¥ transgenic p[pol B]-130
AZoNA izl EdRolde] A AT
oA B ZAAZ Al Fol Hldle o] fidef glof
A 23S e, Al E EQuie]d] 93}
o FENEZ FEH FTF AL AL + dde
Boveri®] ¢ltoll glojxle] AAME EAWo] et o &
A 27 DANA AAZ GAA Az Qo] 2
e Millers} Millere] 2z 5& zels] & o
(Biswas 1990), 53] AAZ G A28 o3 mu-
tant clones] Bgo] 2719089 o 2 298 Pl
& 4 JA

B 439 A3 Yoo 5(1994a,b)F Choi(1994)0]
olgt thFg Wo| FIdES AEd A5 fARE
o)l o, #F 2] DNA polymerase B7} AU d E2
g zuele AAAE A A28 YN
AN visted 24 Jepde] Eag vt i} 18
DNA 3]0 nx)&= 2] DNA polymerase ] 3
ot 7] 9Yste] HAHME AT 3] Eo] FA
v P AA3 A5 22 MMC, MMS 2 UV 59 kil-
ling effectell thdt 2, S Hlmt ot & A% 3t
d & o]z} FUTHHa et al. 1993). EFF Yoo %
(1994ay2 A A 353 FAF 380 HHA] g+
DNA 318 o]% A& SdolA AEa o7]d g
DNA polymerase BE AF¢lste] THE PAAE A5

(Rl e

73
Zl
A3
al
801:

pud
o
=
K

Table 3. Somatic mutation and recombination detected as mutant spots in a non-transgenic w strain and a transgen
ic pol B strain induced by treatment with aflatoxin B, at the third instar larval stage

. Exposure Frequency per wing(number) of No. of Frequency' of
Strain dose(mg) small mwh spots large mwh spots wings scored wings with spots
w* 0.0 0.351(151) 0.021(9) 429 0.322(138)
0.25 1.636(18) 0.955(21) 22 0.636(14)
pol p** 0.0 0.606(300) 0.063(31) 495 0.489(242)
0.25 2.188(70) 2.594(83) 32 1.000(32)

* ** and ; see Table 1
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o] A v AR E Fo2Q) Aol & BA
82]  Z3leic).  Komberg(1992)= DNA-damaging
agents2] x|2] ¥ %ol wje} polymerase B2 AAlEE
F7HE%T R g up gleovg B A A #Ho
DNA polymerase f7} QA4 A2g Ao} AAHE
9] fiel o= FE Belshn &g AbeR
Achse &tz

Shimizu 5(1993)3} Leem S(1994)0] ©j8) & %oljA]
#2]9 DNA polymerase IVZ} 11 Ag}etA9) YA =2
Hol Z{%552] DNA polymerase B} o} §A}&tch
= A3}, o) polymerase IV7} Z&Eg Sd8io]A o)A
DNA o|F UM FxFe dgo] 2 Hleg g
th= Yo & u]Fo| DNA polymerase IV7} DNA vtk
9] & A Bt AT} gty TREE
2] DNA polymerase B= L 2}a)7} AA X AMA 2
Z28L ¥ #2% A2 3T +% U2, Dro-
sophila®} ¥5-%552] polymerase fo| A}kl A uf
& 2kel7t drke A 58 128194, Drosophila®)
DNA polymerase o ZHgo] NEA AUl FHe
DNA polymerase ol 23 JA=Acin & % 9}
th. & # 9] DNA polymerase 7} 4l #2433 A
%-o] Drosophila®] DNA polymerase 7} 2<8 =4
Hol2A 288 = S-S 9u)did, o) FHY
DNA polymerase 7} A9 FAAE AZNN G4
A’de] A4 ol 2| gt small mwh spot7} IRIEE &
FEATE AE F AR5l o). oo FAAEL
# 2] DNA polymerase B7} 44 ¥ 248 Zula)r}
2% 87343 ol A& A% 2t AEAEA
FE9] AHEE 7 S AR o
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