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Abstract

Physiological toxic and mutagenic effects of gramoxone in Drosophila melanogaster were
invetigated. Gramoxone was highly toxic on the development, resulting in of lowering the
viability and in prolongation of the developmental times. Adults treated with gramoxone
during the developmental stages caused a lowering of the productivity and a little change
in protein quantity. But the effect on the sex-linked lethal mutagenesis was found to be
negative.

The order of mortality causing adult stage feeding to gramoxone in the D. melanogaster
complex was like this s D. mauritiana, D. sechellia, D. simulans and D. melanogaster. Two
species of the D. yakuba complex were alike. Those results were more or less correlation
with speciation of the D. melanogaster subgroup.

KEY WORDS : gramoxone, toxic and mutagenic effects, Drosophila melanogaster sub-
group
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HAEANAE 28 383 54 2 2d4L g
Aoz BaEolA 3 9lthBridges, 1978). L&
FE UG AE HEAE o437 AL e
ME ZA3 dotilo] A2 E Yo H(Oneill e al,
1981), 471 ol EAE o83 14 screeningZl ol
Had EddeldAd s vehle 844 flER
o] 90% oldo] WS Ve Z(Ames ef al,
1975 5 McCann et al, 19753 Ames, 1979 ; Maron
and Ames, 1983) Qo] Aol g kA wHE-9
AAEd FE stojo Aojr)

Drosophilats 72 A@H z7e) $5402 213
Bateman S (Bateman, 1956 ; Chandley and Bate-
man, 1960 ; Bateman and Chandley, 1964)2] 138}
A ol 3let BEAEY FdwWo|ddot #3
A9 HA g AFEA 2R dAE o)

Drosophilag ©]&8 24l EdWe] {¢ &7
AR Y9 E 3dg marker gened 1AW &
dolA Eo] AE HoA gt olaF XA E
Aol g dodle A= dAl X A Gl
of 250 3}, Al 2, A 3 A A Gl 242 450-500 2
Az 284 o, = shte {FHAAE W
o7 & A% vy Fuvle HE &&o e
Rez od#A Ut Moriwaki, 1979). EFF 34
Ao A7 Eddo] HAERTE X GHAG
furE e Wo) HEo] APXA L EAWAA H
Ay g Aoz, CBHE MNFYS Muller-5%
(¥ Basc¥)olY attached-XHo] F2 Al&-F o
gt 53] attached-XHE QA oA £4o]
Ntttz AAHY HEAZ gdelA AHMori-
waki, 1979 ; Inoue, 1983).

ox fo g

3t¥H Lemeunier®t Ashburner(1976)°} <& D.
melanogaster subgroupt] 59 4 £4& 5
3 AZ WAy B3 oY F FAUA B
2o A1yl AAEFHA 23 Ur) Eisses ef al.
(1979)% Gonzalez ef al.(1982)2 A74F5L 53
Taol G A £FoA O KA S B EAUL,
Lemeunier ef al.(1986)2 *7] subgroup?] 8%l
W BHF, 44 L Ay 2de BEAS ZAE
% % complexZ ¥7F & & AEtdrt o=
oju] o AT B dnl e EH3F, {FHF

2 A58t =79 A3E(Carioy, 1987 5 Gonzalez
et al, 1982 ; Jallon and David, 1987)% %= & 9%
o, H2o] 234 Argsd AEEAH ¢ vy
Z=glo} DNA9 ¥(Solignac and Monnerot, 19
86 ; Lee and Watanabe, 1987 s Lee et al, 1990)7 =
TUE A At} o] F complexs D. melanogas-
ter complex$}t D. yakuba complex®4] HA}= D,
melanogaster, D. simulans, D. mauritiana E D. se-
chellia2 T3, I 2= D. yakuba, D. erecta, D.
teissieri R D. orena® 7739 Ut} D. melanogas-
ter complex®} 4F 2 D. yakuba complexol| ¥]3}cd
I FABA B 2doly 53] D, simulans S}
D. mauritiana= 8%%F 714 F93A7 RS
Fom HEi Ho A3 o, D sechellia®tel
A= g Bt simulans =5 melanogas-
terd) M2 & AL S AYE o2 gyt
(Coyne and Kreitman, 1986 ; Lachaise et al., 1986 ;
Cariou, 1987).

Lee et al.(1985)-2 intercalating agent?) ethidium
bromide(EtBr)oll thgt #3 4 52443E& D mela-
nogaster subgroup 6% Ao 2 W o,
ethyl methanesulfonate(EMS)°ll th 3t D. melanoga-
ster complex 4& ol g THGAG 2L Ao &
=44 4% vug BEughnt lck(Lee and Lee,
1990). =& & 7]H] &4 =< neoasozined] thdk D.
melanogaster subgroup 65l 3t 54 & vl 8¢
8734 8l B g Aggol TERE AR
thh Aol AEE AAERTHChoi and Lee,
1991).
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Gramoxonedl] 2§ S{AAG v 54
Tob AAE 2 g4 g did e =
AVet7) 938t D. melanogaster?) EFER) Ore-
gon-R(OR) straing AHE dtglon, WA &4
Ho] fade #AE e attached-X FH
NE 7D SdH)Auwmf & yf | =)E AHEIY
=3

A M 7 SHET v2E H:MAM= D
melanogaster subgroup®l 43t 5 complex(D. me-
lanogaster complex : D. melanogaster, D. simulans,
D. mauritiana and D. sechellia, D. yakuba complex :
D. yakuba and D. erecta) 6Fo] AR E|Rl oY o]
TE JdX 29y {FAS dAfghE HE] ok dlo]
25C AR Aol A Al A5 & FEolth

Drosophila®] Wl 2] corn meal-agar %F Wi A
931 gramoxone(l.l' —dimethyl—4—4" —dipyri-
lium dichloride, Samkong Co., Korea)2] * 2] 5%
sucrose(Junsei Chemi., Japan)& ol & Mdsle] A}
g3tgen tzFoiz UHFY 5% sucrose &
Aukg #elstarct.

2.2 Asghy
1) EsA G A%
23}35 9~3d 9 vlnv] Ael D. melanogaster

52 15~20% AL E BFE wj AL & AMEHEEX
10cm)l Al ZHj Al A 12412 HHF A AMRHeR
£ o 8A1 7 B ABANNFE QA E AASA
A AA FA & AFst 18 7] F54 7124+
4 hr)ol gramoxoned Zt TEZ, AHSFHE 2504¢
Mol Fxd gdg WA EH G FoA3te] of
993 E 938 Vow A5 158/ 7HA] 244
b D Avkd Agste AEET LRSS £
Ay, 3ts) e AAEe AEANE vag
gaME £33 193 A8 s 74
AlA wl 24A17tvtch A28 wlAIZ transferdted
Az 6GAA—F)E 9o Fig tjdes 23 vty

zZA ek el
2) SDS-PAGE®] o3 4+&4 a3 £4
.]

$%7)°] gramoxone Az F $3E HAHEY

{u

T&4 ol Wol ARE ZALEY] HE sodium
dodecy! sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)+= 712322 Laemmli(1970)9] =4
S wsich Fv1 € sampleoll 2% SDS, 5% 2-merca-
ptoethanol®} 10% sucrose’t Y £ & A8 & BHESE
42 9] bromophenol blue(0.002% )& tracking mar-
kerZ AH&3le] gel?l welld 2F 40u4¢4 loading
&t} 4% 9] stacking gel® 13% 2] resolving geloll
Z}7} 60V, 2A17F 308 R 100V, 5A1ZF running$
3lgar, A7)gd 5 o] Bt gel2 0.1% coomassie bri-
lliant blue R25001 4 QA% 24 3ot g€
gel2  densitometer(Shimadzu dual-wavelength
thin-layer chromatoscanner, Mode Cs-930, 570nm)
2 scanning¥- 2} band & vl a3t} ¥l ¥ band
o HA# v E 23] marker protein® Z bo-
vine serum albumin(68,000 dalton), ovalbumin(43,
000 d.), carbonic anhydrase(29,000 d.), lysozyme(14,
300 d) ¥ ribonuciease-A(13,700 d.; Sigma, USA
Y& A&t 4ok

3) ¥4 5‘]"} Eddo] i =4

Attaced-X'H l% 5ted gramoxoneol] 9§ wHA
| AL EAw ol v“ Pl B8 H)nl ZAMSHE O wul
Holl o3t APANAM M@ FHo] FHHoE H
Aojehd Fiol o4 AH7t 1 10] E3loln, el
FAol X Gl A £l FEHAU
o Al Bge 1 fF Azl weir FHa
slA "zloln} xMejde] Fov Lewis9t Bacher
(1968)2] ol F38la] W tissue paperZ A}
SHol oF lem ¥E9 Eol2 e FEEY A
gAg 4md HE FEB) FF AAT F o 243
starvation? 7] 2-3U4 % 9] #3 & AFFHF 40703
A o] 24417 FF HAAMIFE mufof) AHE-3LY
o} B Ay o3 wbg 24 gl fdE
z}oll Wl positive groupl 24 ojn] & &2z
283 EdHo|9? methyl methaesulfornate
(MMS, Sigma, USA) 25 mM$ Y #geg
A=

Aol MY B4 AR v
Vogel® Luers(1974)2] 27 Fo'¥o F3lo
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gramoxone®] X A& 100mé H]o]H <ol
oF 17-20mé4 WolF 11, 30mé glass filter <ol 7]
% complex 6%9¢ 23943 F#3 BAE 50/4A¥
$ o filter Hol A&l A A FAE o]
AT A4AE &+ A s W 244 v
A58 AFst 168A7AA Y 7t 715 A3
£ 23] WhE AX3ld 9 s 4E A ES
gramoxoneo] W& AFAH FEE vz A8ty
=4 29E A

o)e] RE AYPL 25C F2 AL&ANA HA
P 4 '

D. melangaster(OR)2] F-3 A 7ol v 2= gra-
moxone®) EAREHRE 2AEY A 187 #F
N7(24t 4 ho)oll F=E Fo4F HARR ] A&
&7 HREEE NP, T AAEY AEA
e Wg BEE 944 brood'd £ A3

AESL F SRS U $348 AA 9 v &R
Uehygles, #&&sE 7t AT 237 A9]
A4S BE F3td AA) MAFE Uros A&
gk Wz7E Tt F 1,39370 AFH
A3 1,10070R 2] AAE AR e 1 AFE Table
19 23 h27E 12 A 4E0 A
w845 E Figlol =243 3tk

T HERLS H 08330107 50% <
100% ATl Zt7} 0.780, 0.7492 F=F 7}l
g AEEY Ak AFE HAd TEEEE
2Tl A B 104012 ©)Y 1 5.0% AT A
E 11180¥ 2, 100% AHeFolAe 121344 2
el dz=F vlgled Zby] 1.07580¢F 1167¥HE
433 AQ JAQeh #5709 gramoxone®] X €
Z 93tg AAE HAHE YERTFo HE tha
Z9 9} brood7t A wet 27 AT
o] xpolHe A9 AAY Filol HAM FFS
JeERiD, dA 694 AaEe FE &
o2 HaFENA ta A e thFig 2).
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Fig. 1. The relative value of the viability([]) and
the reciprocal of the relative developmen-

tal time(A) in D. melanogaster to
gramoxone treated medium.
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Fig. 2. Change of productivity during 6 days after
the 1 st instar larvae fed with gramoxone
(averge of 14 pairs at each concentration).
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Table 1. Viability and developmental time to gramoxone of D. melanogaster after the 1st

instar larvae feeding (average of two replicates at each concentration)

Concentrations Adults/Eggs Viability Developmental time
(%) (days)
0.0 267/320 0.833 10.401
0.5 240/306 0.793 10.542
1.0 224/285 0.788 10.412
5.0 205/263 0.780 11.180
10.0 164/219 0.749 12.134

A B C

F E D

Fig. 3. SDS-PAGE protein banding patterns of the control and the gramoxone-treated

groups of D. melanogaster at the lst instar larvae,
A, control(males) : B, 5.0% treatment(males) ;s C, 10.0% (males) D, control(fema-
les) + E, 5.0% (females) : F, 10.0% (females)
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AES Wdez SDS-PAGEH o3 &
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™ o] & densitometric scanningdts] Fig. 4o A
etk Fig 49 ZFoM B4 %o 27 9
- banda, b, c d7F FH o2 A AE o
= 7 o] A g 24 F A ol

Y 4%E #3102 veharh 43l A9 band
f, g7t tlZ ol ¥]3te] gramoxoned] Al F=7t

F7h 8% FHow 97t 27b WU band ho}
i Tk gasE 2% Rel AP Wl

bandEell A Wel7b o @arth 2oy 4xg A
Az o] & Mt A5 +84 ©y)
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Fig. 4. Densitometric recordings of the electro -
phoretic patterns of the control and the
gramoxone-treated groups of D. melano -
gaster. Symbols are the same as in Fig.
4.

QA AAL Dol FEARE attached-XH
o2 BM% Ze= Table 29 #o] eyt

Hzre AL AHlyl 054301080 3713
AT E ek A 0532004 0.541 A= 9]
FEo 2 ek, Positive groupS. & MMSE 2.5
mM A28 He A& 04392 el

Frolo)

o)ge] WET(F : S=a:b)sh ABFE: B
=c: AN Uehd 2oHE SAZ g2To e
A2l 7o A A} index(L—ad/ch)E TS

°] indexe XALEAZL HE Q1L 3% 0o A&
Aol attached-XHol| &% F1 & F3ie &do)
A3 YUe A5 5 4d AA ¥l FEF FS
index= 1°] Alelt}, Aol A S IU50] posi-
tive group9] 0.34084] ®)d gramoxoned] =)
T A9 09] 71719} attached-XHol 9% X 4
A el AL Edwo] el A JEFS u)A)
%2 Aoy Algdr

3.4. D. melanogaster subgroup®l| CHE =M &1}
H|m

D. melanogaster subgroup®] 5 complex 6% 2]
AAE] NE gramoxoned EAXHAEE AL =
2 AF A A WE A T} BAFEA
v 23k e},

AA D. melanogaster complex®] 4] 3k A
= Fig. 50 YEP AT o) thz 7ol Hlste Az
TEL TS AAEE B 1.0% Tl 168
A1t BBE D, melanogaster’t RANALE B0
B, 144212t A2 F D, simulanse 98% A%l X
A&, D. mauritianast D. sechelliat &4 XA E
dehhich 03% 9 A ATENMY A}
&% 2F=NA MY D. sechellia, D. mauritiana,
D. simulans, D. melanogaster®] %o},

27 AHEZ FE 12007 AHF 50% X
AHE GERE LGy, $ =29 3 2H& 3 A3 (Table.
3), D. melanogaster complex) A D. mauritiana7}
0.436% 2 gramoxonedl et S F IV} Hige
™, D. sechellia7} ©]9} ¥]%:3 £330 Q1 D. mela-
nogaster< 0943% 2 Aoz #3d HPAS
ERAEE 45 A

D. yakuba complex®] &) i3 A7(Fig. 6 &
Table 3)°l X LCsxe] 7tel 2t7) 0.331% 9} 0.317
%2 AEHAA D, erecta’t T A AL
Ao 2 vEtuth $AF S o7 f7)d4A)
FF neoasozine® W 72417 ARE ) LC, 3
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Table 2. Sex-ratio of progenies from the crosses between attached-X females(yf : =) and

gramoxone treated males of D. melanogaster

Concentrations No. of Total flies counted Sex-ratio Indexes
(%) crosses GRS (3/%+%) (1-ad/cb)
0.0 34 2,120(969. 1,151) 0.543 0.0000
0.3 31 1,980(927. 1,053) 0.532 0.0437
0.6 27 1,750(808. 942) 0.538 0.0185
1.0 29 1,820(835. 415) 0.541 0.0069
MMS 2.5mM 30 945(530. 415) 0.439 0.3408
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Fig. 5. Exposure-mortality relationships to gramoxone of the D. melanogaster complex males
after adult feeding (average ot two replicates at each concentration).
A D. melanogaster, B ; D. simulans, C '+ D. mauritiana, D i D. sechellia.
¥V :control, O :03%, [J:06%, A:10%
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Fig. 6.

Exposure-mortality relationships to gramoxone of the D. yakuba complex males

after adult feeding(average of two replicates at each concentration). Symbols are

the same as in Fig. 5.
A D. yakuba, B: D. erecta.
(Choi and Lee, 1991)& Table 3°lA Bl w3l T},

Table 3. Comparative LCs, values at 120 hr in the
D. melanogaster subgroup

Species Gramoxone(% ) Neoasozine(% )”
D. melanogaster 0.943 148
D. simulans 0.525 1.34
D. mauritiana 0.436 1.27
D. sechellia 0.488 1.37
D. yakuba 0.331 1.51
D. erecta 0.319 1.83

a) . at 72 hr from choi and Lee(1991)

371 A#EN A D. yakuba complex’} D. melano-
gaster complexoll ¥B]3}e] gramoxone®] A& 4do]
BHA o 2 oFhg A4 UYL, A H o7 ZALE
D. melanogaster subgroup 6% D. melanogaster”}t
74 e A S el A e D. mauritiana st
D. sechellia7} S8 =2 547345 JehlUch
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Gramoxone paraquats 195510 =7 E
AzA 2 509 2HE de] so]7] Azete §-
et M= 19701 F-H A Al 3= ]2 para-
quat 4% Fe] FEE ot} o]
o HR, A7), £F7)9 YT FIHME

=
.

SEERIEE

o
&8 F4 9o, kol AA 1mle] A% B
go2n o, 7h AR Y FHRAEA FA &4
T 53] Eﬂoﬂ P ArslesE doA HARHdE
02 90% oo F2 AIEES HAtHYu ef al,
1984).

&7 gramoxone J¥-9] paraquat® <13+ &

717 0] g4lst A= ¢ oy paraquat?t Aol K

sl #8950 paraquat radical®] ¥ I A4 Bz}l
ol&l 4tatE)= #A o A superoxide radicale] &7
gtk o] thA] #EEo HO0.E dA43=d o
o] MEute A& wal st 2 &4E
=t (Rose ef al, 1976).
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o] 21 gramoxone®] D. melanogaster?] %
A nAE 54 J5, 4 A B #
A% 9 D melanogaster subgroup® &3l 6%
AAE 3oz S vl RAF YT E&
gAY EA A= gramoxone S T EEZ 18 7]
FZA17124+ 4 hr)oll X2lgdF JA7AA Y H&
Lo} HEEEE FAEIY R, $38le e A4
B9 A& AAEa 44 DA e dFE
v 24 &gt ob-22 gramoxoneol 23 wkA
XA} Bddol ¢ R E attached-XH ol 23}
ZAL B

A we GAAe] A2 gramoxoned Fx=7}
Z71848 YELY A3 LT A R
Aol Aia s BERE JERO gramo-
xone®] D. melanogaster®) 25 @A 2§ =
AL DHSE EFAAT ols WA okF
A FE S ©E ¢& £x9 AA(Luning,
1966)01L}, FF%, AF HA7ME £ AA, 4FA,
24 FLES Fo s oE YEL9
Aatel W& Ewel A L AdH Fa(Sorsa
and Pfeiffer, 1973 ; Mathew and Aldoori, 1976 ;
Inoue and Watanabe, 1978 5 Choo, 1982 ; Choi and
Lee, 1991)5 %) A7} vl S AXHE &5 o,
Kondo ef al.(1985)2 AAW oz &7, 3183
A QLAEA M A7le &Y A A=
2813 3 AAEC M B E Y AETE
thAle] Aol e FAe METE FAANA Y
A717] 91 B o) Ao g Byt

o 2 g

=53 BEA2 AHEHAD  furylfuramide
(AF-2)98] Ao 284&EE FoFes Ad
A ZIA T, B7bR) AEA G T UK & R
A2 gao] gl HEEL A AHIAIAAY
AZFA 0 Wt s @) JA JEo| ttade
A8 AFE(Laamanen et al, 1976 ; Inoue and Wa-
tanabe, 1978 ; Inoue, 1980 : Choi and Lee, 1991)%}
¥ ZAye] v A, gramoxoned W{Hr o A
Azt AEE Aol FAHOR B AFE FU
o Ao w&E&xe] AUzt AES Bk A
dlslo], H&&ro o] 54 Hmel FA
7b3 7R 97gk 2448 dos H(lnoue and

Watanabe, 1978)% 2 <) X] ¥ ¢] gramoxone< &
GA ol A 54 A2 YER. od
sletE Ao A3 ol XAE7] Hel o]
4 L USaA S Aed 54 Hrte Fad
oulgE A} AeEF JFo] SR & F$<e
HEANEo] 2AEE E71A B3la AAEER 2
S WoldAd e 1dx Fad oujrt gl7] W&
o] th{Inoue, 1980).

Gramoxone2 ¥ $231d AAES A2
2 SDS-PAGEX ] & A% 84 D
ek Q43S AAHQ band FAME & HIEE
T2 FAX g FEHQ] WA HQl Wt
Yol on ol AW G Ae FHTGNA
gramoxone©| T4 FFE vl ez Algdch
o)Ay tZT¢ & zlo)7} 2= A& Kondo et al.
(1985)9) A&AA Y s W& AEFE o] &
So| ANAHHA 71A) B AEEo] 4 AEXZ
sz F4FA7 oz ALEE™, Summer eof
al.(1986)9l 23l Drosophilad] @2 4 44
S Hg gAEE & olvt v 53] 24 279
g 24 B3 4.5 A7k 7H4reic) 43
Hslgotn PR, 53] g &% EFdMax
vk2k7F2 2 Drosophila®] €3 Hel #4F pupa
GA A Q7] MEel 93 =32]e] #3517} e
Ao 2 (Russel, 1982) #7434 A3 EHE 9%
g £Fo 2ARE EU AEI Bgo] 875
ojzjol &Rz AztE)

Laamanen et al(1976)2 A X tjAlAlo] 4&-&
& amitroled M3AE BF 4 A B
22 ol vid G4 XA 2Rl fEe
JoF = EaHcti 3tH e, Inoue?t Wata-
nabe(1978)x= 7+=H3 AF-29] sy A 1 B
A 2 MY FHEAY] FEo| gldidn
Husdh Muller-537 € d79 L7 atta-
ched-X®ol 23 F8%, AF-2 2 ¥F9 434
ANNE dE79 EohE 193 alo]Fe gldont
(Inoue, 1980), Ramel® Magnusson(1967)2 42
3l5+Eol 9 # Drosophila®l 2Ao] M AHO &
FE HUdz dHe v, Mathews}t Aldoori(1976)
& oA A HerEX GAA g d4 RAL
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AR FEEg ¥Atn B2 g v 1ok Choo(1982)
< ¥ FIEF S xdo 104 ojuel
A2 GAAFY Fll FAR =S F7F 5
L=

Inoue(1984)x> AHZAMD-D Z=E DBCP)7}
BacsHell 213 w1 44 XA 29o] ¥ E
FIH 2 F7 AT st o, attached-XH
ol 9]& gramoxone?] ¥WHJ AL EdAWo] fb
Az ;M E gramoxone X FE2 Au| ¢t
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