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   Glutathione-dependent O-alkyl and  O-aryl conjugations  for '`C-dicapthon
 (a O-dimethyl O-2-

chloro-4-nitrophenyl  phosphorothionate) and  
i`C-fenitrothion

 (O, O-dimethyl O-3-methyl-4-nitrophenyl
phosphorothionate) were  studiecl in the each  cytoso]ic fraction prepared from the whole  bodies of  the

azuki  bean beetle, Calibsobruchus chinensis,  the chestnut  weevil,  Curcutio dentipes, the green rice  leafhop-

per, IVephotettbc cincticqps, the almond  moth,  EPhestia cautetla, the yellow peach moth,  Conogethes

punctijleralis, and  the rice  stem  borer, Chiib suppressatis.  Fenitrothion was  degraded almost  by O-alkyl
conjugation,  whereas  reEatively  high ratio  of O-aryl conjugation  was  observed  for dicapthon degradation.
Particu]arly in the azuki  bean beetle, the green rice  leafhopper and  the almond  moth,  O-aryl conjugation

was  dominant (60-80%), This result  is the first evidence  that O-aryl eonjugation  is preferentia}ly oocurred

for O, O-dimethyl O-ary1 phosphorothionates in insects. Malpighian tubes, fat body and  midgut  prepar-
ed  from the  common  cutworm,  SPodoptera litura, were  also  assayed  with  

i`C-dicapthon.
 Interestingly,

the ratios of  O-alkyl and  O-ary1 conjugation  were  clearly different among  the three tissues.

            INTRODUCTION

 It is well  known  that O, O-dialky[ O-aryl phosphoro-
thionate insecticides are  metabelized  by two types of

glutathione S-transferase (GST) reaction  in insects, that

is O-alkyl and  O-aryl conjugations.  The ratio  of  the

twe  conjugations  depends on  the structure  of  the

insecticides.i) O, O-Dimethyl O-aryl phosphorothio-
nates  are  known  to be degraded almost  by one  reaction,

i,e., O-alkyl conjugation,  The well  known examples  of

the reaction  are  methyl  parathion in the horn beetle,

Kylotrupes dichotomus,2] and  the housefly, Musca
domestica,3) whereas  it has been known  that both reac-

tions occur  fbr a  O-diethyl O-aryl phosphorothionates,
such  as diazinon in the American cockroach,  Periplaneta
americana,  and  parathion in the housefly.4-6)

 The purpose of  this study  is to clarify  whether  the

O-alkyl conjugation  is really  the principal GSH-
dependent reaction  for the degradation of  a  O-dimethyl
O-aryl phosphorothionates in insects or  not. To check

this, we  measured  the GST  activities in various  insects
using  

i4C-fenitrothion
 and  

i`C-dicapthon
 as substrates.
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As a  result, it was  revealed  that dicapthon was  degradad-
ed  mainly  by O-aryl coajugation  in the azuki  bean

beetle, Catlosobruchus chinensis,  the green rice leathop-

per, IVlephotettix cincticeps  and  the almond  moth,  EPhes-
tia eautella. We  also  report  here the ratio  of  O-alkyl
and  O-aryl coniugation  for dicapthon in three insect
tissues, i,e., Malpighian tubes, fat body and  midgut

prepared from the common  cutworm,  SPodoptera litura.

        MATERIALS  AND  METHODS

1. Insects

 The  chestnut  weevil,  Curculio dentipes, the green rice
leathopper, the yellow peach moth,  Conogethes pun-
ettferatis, and  the common  cutworm,  were  collected  at

Tsukuba city, Ibaraki prefecture in August  1992. The

rice  stem  borer, Chilo stqzpressalis, was  collected  at Soja
city, Okayama prefecture in August 1993. The  azuki

bean beetle, the almend  moth  and  the American cock-

roach  were  reared  in the laboratory fbr more  than  25

years, but their origins  were  unknown.  All of  these
insects were  maintained  in the laboratory at 25"C under
a 15L-9D photoperiod,

2. Chemicals

 [Methoxy-i`C]fenitrothion (O, O-dimethyl O-3-meth-

yl-4-nitrophenyl phosphorothionate, 12,564dpm/"g,
>99%  purity by TLC)  was  obtained  from Sumitomo
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ChemicalCo.(Osaka,Japan). [Methoxy-i`C]dicapthon
(aO-dimethyl O-2-chloro-4-nitrophenyl phosphoro-
thionate, 3227dpm/pg,  >99%  purity by TLC)  were

prepared by the reaction  of  2-chloro-4-nitrophenol with

[methoxy-i`C]dimethyl phosphorochloridothionate in
the presence ofpotassium  carbonate  at 70-750C in methyl
ethyl  ketone as described by Nishizawa et at,') The
intermediate [methoxy-i`C]dimethyl phosphoro-
chloridothionate  was  prepared by the reaction  of  

i`C-

methanol  with  phosphorus pentasulfide as described by
Fletcher et at,S) Desmethyl fenitrothion and  desmethyl
dicapthon were  prepared by dealkylation of  fenitrothion
and  dicapthon, respoctively,  with  benzenethiol as de-
scribed  by Oppenoorth et al.6) S-Methyl glutathione,
S-methyl cysteine  and  dimethyl phosphorothioic acid

were  synthesized  as described previously,9} All other

chemicals  used  were  of  the highest grade and  commer-

cially available,

3. Enayme  Prqparation

  All enzyme  preparations were  done at 4eC, Whole
body was  used  as enzyme  source,  But the adults  ofthe

Ameriacn cockroach  and  5th-instar larvae of  the com-

mon  cutworrn  were  dissected befoTehand carefully  using

micro-dissecting  fbrceps and  scissors  (Sigma, U.S.A.),
These tissues or whole  body of  insects were  homogenlzed
in O.1 M  phosphate bufler (pH7,4) containing  1mM
EDTA  (ethylenediaminetetraacetic acid)  using  a  glass
homogenizer (Wheaton, U.S.A.). The homegenates

were  then centrifuged for 60 min  at 100,OOOXg. The
cytosolic  fractions were  used  as the enzyme  solution.

Protein concentration  was  determined by the method  of

Bradfbrd,iO)

4. 6ST  Assay  with  
i4C-Fenitrothion

 and  
i`C-

   Dicopthon

  In a  10-ml stoppered  tube, 1 ml  of  the reaction  mixture

was  introduced consisting  of  O.]5"mo] 
i`C-fenitrothion

or  
r`C-dicapthon

 dissolved in 15pt1 of  ethanol,  3mM
GSH,  45 ptg Triton X-100 dissolved in ]5 "1 of  ethanol,

O,05M phosphate buffer (pH7,4) containing  O,5mM
EDTA,  and  enzyme  solution.  The mixture  was  incubat-

                 Table ]

ed  for 60 min  at  25eC, After removing  the intact radio-
active fenitrothion or dicapthon by extraction  wjth  chlo-

roform,  the  amount  of6SH  conjugates  of  fenitrothion or

dicapthon in the water-soluble  fraction was  determined
by liquid scintMation  counting  (LSC),
  Water-soluble metabolites  were  identified by thin-layer

chromatography  (TLC) analyses  on  silica gel plates
(60-F2s4, Merck, Germany) with  authentic  standards,

Solvent system  used  was  2-propanol: ammonia  water:

water  (75:10:15). In this solvent  system,  IU' yalues  of

desmethyl fenitrothion or desmethyl dicapthon, O, O-
dimethyl phosphorothioic acid, S-methyl cysteine  and

S-methyl glutathione were  O.84, O,68, O.33 and  O,19,

respectively.  Radioactive metabolites  were  detected by
autoradiography,  and  unlabeled  standards  were  detected
by UV  visualization  andlor  spraying  a  PdCl,, ninhydrin
or  Hanes-Isherwood's reagent  as described previously.9)
Radioactive compounds  scrapecl  off from TLC  plates
were  quantified by LSC. The reaction  mixture  without

GSH  was  used  as a  control,  and  data shown  in this paper
were  calculated  by subtracting  the control  from the reac-
tion with  GSH.  Data in the Tables show  the average  of

triplicate experiments.

          RESULTS  AND  DISCUSSION

1. GST  Aetivities towartts i`C-Flenitrothion  and  
r4C-

   Diccrpthon in Various lnsects

  The cytosolic  fractions of  the six  insect species  were

assayed  with  
i`C-fenitrothion

 and  
i`C-dicapthon

 (Tables
1, 2), The GST  activities towards  

i`C-fenitrothion
 were

clearly  lower than those towards  
i`C-dicapthon.

Among  the six insects, the highest GST  activity  was

fbund in the green rice leafhopper, i,e,, 134 pmol GSH
conjugationlmg  proteinlmin for fenitrothion and  460

pmol GSH  coniugation/mg  protein/min for dicapthon.

  The ratio of  O-alkyl and  O-aryl conjugation  for
fenitrothion are  shown  in Table 1. Fenitrothion was

degraded almost  by O-alkyl conjugation  in the six

insects. That is, more  than 94% ofthe  total 6STreaction
was  by O-alkyl corijugation,  This result agreed  with

our  previous report  showing  that fenitrothion was

degraded almost  by O-alkyl conjugation  in Malpighian

Glutathione S-transferase activity  for i`C-fenitrothion
 in various  insects.a}

 Lifestageb)
  Protein
  content

(mgfg tissue)pmol

 of 
i`C-fenitrothion

    conjugated

 {min'i rng  protein")

% of  reaction

Insect
 O-Alkyl
congugatlon

  O-Aryl
conjugatlon

Azuki bean beetle
Chestnut weevil

Green rice  lealhopper
Almond  moth

Yellow peach rnoth

Rice stem  borer

ALALLL 4S±3.642

± 2850

±4,868

±6,265

± 5,858

±4,S

1ri±24100
± 19134

±44

 17±4.4S7

±26

 13± 2.1

94,O95.097,696.698.597.36.05.02.43.41,52.7

a)
 Values are  mean ± S.D. of  triplicate runs.

b)
 A:  adult,  L: larvae,
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Table 2Glutathione  S-transferase activity  for i`C-dicapthon
 in various  insects.a)

Lifestageb)  Protein

 content

(mglg tissue)pmol

 of  
L`C-dicapthon

   conjugated

(min'i mg  protein")

%  of  reaction

Insect
 O-Alkyl
coajugation

 O-Aryl
corpugatlon

Azuki bean beetle
Chestnut weevil

Green rice  leafiiopper

Almond  moth

Yellow peach moth

Rice stem  borer

ALALLL 45± 3,642
± 2,850

± 4.868

± 6.265
± 5.858

± 4.5

289±69357

± 1oo460

± 134l91

± S6184

±43105

± 31

22,171.532.141276,167,177,928.S67.958.823.932.9

H)
 See Table I. b)

 A:adult, L:larvae.

tubes, fat body and  midgut  prepared from the American

cQckroach  and  the  common  cutworm.ii)

 Compared  with  the fenitrothion degradation, relative-

ly high ratio of  O-aryl conjugation  was  observed  for
dicapthon degradation. As shown  in Table 2, more

than 23,9% of  the  total GST  reaction  was  by O-aryl

coiijugation  in the six insects. Particularly in the azuki

bean beetle (77,9%), the green rice leafhopper (67.9%) and

the almond  moth  (58.8%), O-ary1 corijugation  was  domi-
nant.  This result  is the first example  that O-aryl conju-

gation preferentially occurs fbr the degradation of  O,
O-dimethyl O-uryl phosphorothionates in insects.

 Why  is dicapthon degraded preferentially by O-aryl
conjugation  in some  insects? Figure 1 shows  the struc-

tures of  dicapthon and  fenitrothion, When  comparing

the structure  of  dicapthon with  that of  fenitrothion,

dicapthon has a  chloro  substituent  adjacent  to P-O-aryl

ester bond (2-position of  the phenyl ring). Because the
chloro  substituent  has an  electron-withdrawing  property,
we  consider  that  the  presence of  the  2-chlo[o substituent

   sl:

 s30o> 
Fi -o @ No2

      c]

[: 33 
oo

 > il -o QHH30 2

  Dicapthon Fenitrethion

Fig, 1 Structures ofdicapthon  and  fenitrothion.

on  the phenyl ring  may  weaken  the P-O-aryl ester bond
resulting  in an  increase of  reactivity' at the ester linkage
by GSH-dependent O-aryl conjugation.

2. GST  Activities towarcts 
i`C-Dicapthon

 in Insect

   7Xssues

 The  cytosolic  fractions of  Malpighian tubes, fat body
and  midgut  prepared from the American cockroach  and

the common  cutworm  were  assayed with 
i`C-dicapthon

(Table 3). Among  the three tissues, Malpighian tubes

had the highest GST  activities in the two  insects. This
result agreed  with  our  previous report  using  CDNB,
DCNB,  DNPBS  and  fenitrothion as  substrates  in the

same  two  insects,ii)

 In the American cockroach  tissues, i`C-dicapthon  was

degraded mainly  by O-aryl conjugation  (73.4 to 80,1%).
Whereas in the common  cutworrn  tissues, the ratio of

O-alkyl and  O-aryl conjugation  were  cleary  different
among  the three tissues, That is, although  O-aryl conju-

gation was  dominant in the fat body (67,1%), O-alkyl
conjugation  was  dominant in the Malpighian tubes and

midgut  (74,1 and  88,5%, repsectively)  (Table 3, Fig. 2).
This result is the first example  that the ratio of  O-alkyl
and  O-aryl conjugations  were  clearly  diflerent ameng

insect tissues, suggesting  that the common  cutworm  has

at least two  GST  isozymes which  are  distributed separate-

ly in different tissues.

Table 3Glutathione S-transferase activity  fbr i`C-dicapthon  in insect tissues,a}

Lifestageb)
  PrQtein
 content

(mgfg tissue)prnol

 of  
'`C-dicapthon

   coniugated

{min" rng  protein'i)

% of  reaction

Insect tissue  O-Alkyl
conjugation

 O-Aryl
conjugation

American cockroach

 Mulpighian tubes

 Fat body
 Midgut

Comrnon  cutworm

 Malpighian tubes

 Fat body

 Midgut

A

L

45 ± 4242

± 5.6130

± 12

25± 3.630
± 4,22S=3.3

978± 198476

± 100200

± S2

8oo± 140633

± 113320

± 60

22,926,619,9

74.132,988.5

77.173.480,l

25,967,111.5

a)
 See TabLe 1, b)

 A:aduLt, L:larvae,
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Fig．2　Typical　 autoradiogram 　 of 　
l4C −dicapthon　 metab −

ohtes 　produced　in　 the　fat　body （F） and 　 midgut （M ｝（）「

Spodoptera　litura．
Metabolites　are 　desmethyl　dic叩 thon （A），　dimethyl　phos−

phorothioic　acid （B），∫・methyl 　 cysteine 〔Q 　and ∫−methyl

glutathione（D ）．

　The　fact　that　each 　common 　cutworm 　tissue　possesses
the　tissue−dependent　GST 　isozymes　 has　 an 　 important

implication　 in　 considering 　the　 insect　 defense　 systems

against 　 xenobiotics 　 or　 f（）reign　 compounds ．　 That　 is，
such 　GST 　 diversity　should 　 be　of　great　 advantage 　for
insects　themselves　 to　 survive 　the　 chemically 　 polluted

environments ，　such 　as　by　insecticide　application ．
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　　　　　　　　　　要 　 　 　 約

　数種昆虫に お け るダイキ ャ プソ ン と フ ェ ニ トロ チ オ

　ン の グル タチオ ン抱合

　　　　　　　　　　　　　　　　　昆野安彦，宍戸　孝

　グ ル タチオ ン S一トラ ン ス フ ェ ラ
ーゼ に よる有機 リン 殺

虫剤ダ イキャ プ ソ ン とフ ェ ニ トロ チ オ ン の 0一ア ル キル 抱

合 と 0 ．・ア リ
ー

ル 抱合 の 反応割合 を各種昆虫の E清 （全虫

体）を酵素源 に 用 い て 検討 した．フ ェ ニ トロ チ オ ン は供 試

した 6種 の 昆虫 （ア ズ キゾウ ム シ，ク リシ ギゾウム シ，ツ

マ グロ ヨ コ バ イ，ス ジ マ ダ ラ メイガ，モ モ ノ ゴマ ダラ ノ メ

イガ，ニ カ メ イガ）すべ て に お い て 0 一
ア ル キル 抱合が 優先

した が （90％ 以上 ），ダ イキ ャ プ ソ ン で は 0 ア リ
ー

ル 抱合

の 割合 が高 く， とくに ア ズキゾウ ム シ，ツ マ グロ ヨ コ バ イ，

ス ジ マ ダラ メ イガ では 0 一ア リール 抱合が優先 した （60〜

80％）．またハ ス モ ン ヨ トウの 各種臓器 に おけるダイキ ャ プ

ソ ン の グル タチオン 抱合を調べ た 結果，マ ル ピギ
ー氏管，

中腸 で は 0 一ア ル キル 抱合が優先 （74〜89％）した の に対し，

脂肪体で は 0 一ア リー一ル 抱合が優先 （67％）する とい う，臓

器間で の 際だ っ た違い が 認め られ た．

D　J，Fukami ；PharmacoL　 Ther．10，473 ｛1980）
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