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INTRODUCTION

  Three  bacterial strains  of  Agrobaoterium sp.

(B-7, B-15  and  B-17)  and  one  of  Acinetobactev sp.

(B-60) isolated frem  Ushiku  loam  upland  soil

metabolized  or.cranephospherus  insecticide sali-

thion  (2-methoxy-4"-1,3,2-benzodioxaphes-
phorin-2-sulfide; SLT>  via  cleavage  of  the  P-O-

ary1  and  P-O-aralkyl  linkages  andfor  deinethyla-
tion,i) and  the  metabolic  reactions  bv  them  were                                '
stereeselective,2)  B-7  and  B-17  cleaved  the  1'-O-
aryl  and  P-O-ara]kyl linkages  of  the  (S)p-enantio-
mer  of  S. LT  faster than  those  of  the  (R)p-enantio-
mer,  whereas  B-60  c]eaved  the  (R)p-enantioTner
faster. Furtherrnore, the (I?)p-SLT and  (S)p-
SLT  wcre  stereoselectively  demethylated  by  B-17
ancl  B-60,  respectively.

  This report  deals  with  nietabolism  of  other

organophosphorus  insecticides  by  the  above  four
SLT-degrading  bacterial strains  and  the sub-

strate  specificity  in cleaving  the  P-O-aryl or  P-O-

alkyl  linkage of  phosphorus esters,  Cliemicals

used  were  SLT,  fenitrothion  LO,O-dirnethyl O-(3-
methyl-4-nitrophenyl)phesphorethioate;  SMT],

parathion <O,O-diethyl O-4-nitrophenyl  phos-
phorothioate; PRT)  and  cyanophos  (O,O-di-
methyl  O-4-cyanophenyl  phosphorothioate;
CYN),  which  were  uniformly  labeled with  

'`C
 at

the  phenyl  ring.

MATERIALS  AND  METHODS

  Each  of  the  isolated  SLT-degrading  bacteria
was  inocu]ated  into 30 ml  of  1fIO diluted  nutrient

broth {Difco) in a  100-ml Erlenmeyer  fiask and

incubatcd at  300C  with  shaking.  The  overnight

culture  was  taken  into four test tubcs  with

equal  volumes  (3ml), and  the 
i`C-prepara-

tion  of  SLT  (42,5mCi,Xmrllol, >99.9e,a),  SM'IS

(60.5mCi/mmol, >99.9%),  PRT  {19.0mCil
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mmol,  >99.90/.),  or  CYN  (30.2mCi!mmo],
 >99.90/.)  in dimethyl  sulfoxide  (10 Atl) was  ap-

plied into each  cu]ture  at  a  concentration  of  20

ppm.  The  applied  cultures  were  continuously

incubated  under  the  same  conditions.  Liquid
media  without  inoculatien -:ere  also  applied  and

incubated  as  controls  in the  sEune  manner.  Sam-

ples (1O AI) of  the culture  solutions  were  directly
analyzed  by  liquid  scintillation  counting  and

thin-layer  co-chromatography  (TLC) after O, 4,
8, 24r and  48hr  ot  incubation. Radioassay  and

TLC  werc  dene  according  to the meth()ds  rcported

Previously.3'5)
  

"C-PRT
 was  purchased  from  NEN  Research

Products, and  ether  
t4C-preparations

 were  syn-

thesized in our  laboratery. The  following un-

labeled compounds  were  used  as  authentic

standards:  SLT,  2-ILydroxy-4H-1.3,2-benzodioxa-

phosphorin-2-sulfide <SLT-DJ'1), 2-hydrexybenzyl
alcohel  (Sal-alc), 2-hydroxybenzoic aeid  (Sal-
acid),  SMT,  O-methyl  O-hydrogen  O-(3-methyl-4-
nitrophenyl)  phosphorothioate  (SMT-DM), 3-

methyl-4-nitrophenol  (MNP), O,O-dimethyl  O-(3-
methyl-4-aminophenyl)  phosphorot]nioate  (SMT-
NH2>, O,O-dimethyl  O-(3-methyl-4-acetylamino-

phenyl} phosphorothioate  (SMT-NHAc), PR'r,
O-ethyl O-hydrogen  O-4-nitrophenyl phosphoro-
thioate (PRT-DE), 4-nitrophenol  <NP), O,O-

diethyl O-4-aminophenyl  phosphorothioate  (PRT-
NH2>,  O,O-diethyl O-4-acetylarninop]]enyl phos-
phorothioate (PRI'-NHAc), CYN,  O-methyl  O-

hydrogen  O-4-cyanophenyl  phosphorothioate
(CYN-DM), 4-cyanoptienol (CP), O,O-dimethyl
O-4-carbamoylphenyl  phosphorothioate  (CYN-
CONH2>  and  O,O-dirnethyl  O-4-carboxyphenyl

phosphorothioa,te (CYN-COOH). SLT,  Sal-alc,
Sal-acid, SMT.  MNP,  PRT,  NP,  CYN  and  CP
were  purchased  from  Wako  

･I)ure
 Chemical

lndustries, Lt(1. (Osaka), and  other  referenee

samples  were  synthesized  according  to the pre-
viously  reported  procedures6-S) with  slight  modi-

fications.RESULTS

 AND  DISCUSSION

  Nu  other  organophosphorus  insecticide ex-

amined  was  metabolized  as  fast as  SJJI" by  all of

the  strains.  Metabolite distribution i'n thc

cultures  after  48  hr  of  incubn,tion  is shown  in

Tables 1-4.

  As  previously reported,i)  en,ch  of  the  sLrains

metabo]ized  SLT  t'ia･ cleavage  of  the  l'LO-aryl and

P-O-arall{yl  linka.aes and,ior  demethy]atien.
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1'able  1 Metabolite  distribution in culturess)

with  sttlithion  after  48 hr  of  incubation.

Cornpound
%  of  the applied  

N(]

B-7  B-15  B-17  B-60  Control

SLTSLT.D)･I

Sal-alcSal-acid

IIIIIIIVOriginOthcrsTotal

70,6

 3010
 2

 1.3

 2.3
 4.5

 2.6
 O.5

 61

 I.4102
 5

73 72.69.11.D1.93.72.1O.44,2O.857,

 4,12

99. 102

 7
 7

 84036S618066.91.3

 ,o

 1.Z27.333.6

 O.5

 2.322.2

 nd

 1.0

 11.5
 2.1101.8

88.1
 2.7

 3.5
 ndb)

 2.0

 O.5

 nd

 nd

 O.7
 O.798.3

a)  B-7, B-15  ancl  B-17  were  Agrobacterilum  sp,,

   and  B-60  Acinetobacter  sp.

b)
 Net  detected.

Table2  Metabolitc  distribution in  culturesH)

with  fenitrothion afteT  48  hr  of  incubatien.

Componnd
9,'.' of  the  applied  

i4C

B-7  B-15  B-17  B-60  Control

SMTSMT-I)M

MNPSMT-NH!

SMT-NHAc
OriginOthersTotal

953O

oo99

127ndnd

 165

9531

oo100

6.2ondnd

 1.43

94

99

 1341.0nd

 ndO.1e.s

  1

91

99

 .83.72604O.2O.2O,8

  7

100
 2

 o]03

a)
 B-7, B-15  and  B-17  were  Ag}'obacterium

  and  B-60  Acinetobaoter sp.

b)  Not  dctected.

.5.7ndb)ndndnd.7.9sp,,

Metabolites  I and  II were  O-rnethyl O-(2-hydre-
xymethylphenyl)  hydrogen  phosphorothioate  and

O-methyl  O-(2-hydroxybenzyl> hydrogen  phos-

phorotLiioate, respectively.  III and  IV  were

unidentified  metabolites,  which  were  more  hydro-

philic than  I and  II.

  SMT  wus  slightly  metabolized  by  the  four SL'l'-
degrading  isolates, with  91.8-95.69i. of  the  ap-

plied 
i`C

 being recovered  as  SMT  withtn  48 hr,
MNP,  resulting  from  the  cleavage  of  the  P-O-

aryl  bond  of  SMT,  ainounted  to O,7-2.6%,
showinbu  that  the  bacteria were  weakly  active  in
hydrolyzing  SMT.  The  amount  of  SMT-DM

<3,2-8.7%) in the inoculated cultures  was  little

ut1e  5IEnt3lli2R

Table  3 Metabolite  distribution in culturesa}

with  puTathion after  48  hr ol  incubation.

[,l･6
 of  the  applied  

t4C

Compound  
--

         B-7  B-15  B-17  B-60  ControL

PRTPRT-DE

NPPRT.NH2

PRT-NHAc

OritsTiTlOthersTotal

91 O 89 9

 O.9 O.9
 ndb)  nd

 nd  nd

 nd  nd

 O.3  04
 2.4 2.9

94  6 94.1

92

96

 909

 ndnd

 nd0224

 4

93  3

 11

 28

 15

 08
 12

 22102
 9

98  2
 08

 nd

 ncl

 ncl

 nd

 10100
 O

a)
 B-7, B-15  and  B-17  were  Agrobactevt-u?n sp.,

  and  B-60 Acinetobectev sp.

b) Not  dctectedi,

Tablc4  Metabolite  distribution in culturcsa)

with  cyanophos  after  48 hr of  incubation.

Cl,'.'
 of  the  applied  

i4C

Compound  
-
 
-

         B-7  B-IS  B-17  B-60  Control

CYNCYN-DM

CI)CYN-

 CONH,

CYN-

 COOH

()riginOthersTotal

952  856  939  927

 3.1  28  31  39
 O.4  02  05  21

2,4 9.720  02

o2  o,3  ol  nd

O.1 O1  <O1  <.O1

 O.3 O.5
101.7  99.2

 02  06

99  9 99  6

98 5

 25
 ndb)

nd

  nd

  nd

 09101
 9

E)
 B-7, B-15 and  B-17  were  .4grobacte.yium  sp.,

  and  B-60  Acinetobacter sp,

h)
 Not  dctected.

larger  than  that  (2.79,.'> in the  control  cultures,

suggesting  that  SMT  was  mainly  demethylated

via  non-biological  reactions  in the  liquid media.

The  activity  of  B-60  was  also  very,  ":eak  in reduc-

ing the  nitro  group  uf  SMT  to  SMT-NH2  followcd

by  acetylation  to ferm  SMT-NHAc.  The  total

amount  of  these metabolites  was  less than  O.6%

after  tl8hT  of  incubation. The  other  three  bac-

teria xvere  not  active  at  all  in reductive  meta-

bolism of  SM']'. AII oE  the identified metabolites

have  been  also  found  in the  mctabolism  studies  oi

SIS(T in seil`,9)  and  b}r S]L{T-degraclin.v micro-

organisms.4)

  PRT  was  metabelizcd  by  B-60  via  cleavage  of

the  P-O-aryl linkage or  reduction  of  the  nitro

group  followed  by  acetylation.  The  de.cr.rading

activity  was  weak,  and  the  amounts  ef  NP,  PRT-

NII-Electronic  
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NH2  and  PRT-NHAc  were  2.8, 1.5 and  O.8%,
respectively,  In the  cultures  with  the  other

three  strains,  no  radioactive  spots  other  than

those ef  PRT  and  PRT-DE  were  detected on  the

autoradiograms,  but radioactivity  in the erigin

and  others  fractions  ",as  sligl]tly  higher than

those  in the  eontrel  culture,  The  amount  of

PRT-])E  was  al  rriost  equa,1  in all of  the  inoculatecl

cultures,  as  well  as  in control  cultures,  susrgestintscr

that  deetbvlation of  I'RT  in the  cultures  was  due         J
to  non-biological  reactiens,  NP  and  PRT-);H2
have  been  reportediU,ii)  as  desfradation preducts
by  PRT-degrading  microorganisins,  and  aeetyla-

tien  of  the  amino  group leading to PRT-NHAc
was  supposcd  to be a  inetabolism  similar  to that

oi  SMT-}s:H2, although  acetylation  of  the  amino

greup  of  PRT-NH2  by  micreorganisms  may  not

have  been  reported.

  As  in the  metabolism  of  SMT,  the  P-O-aryl  or

P-O-methyl  linkage of  CYN  was  cleaved  by  all

oi  the  SLT-degrading  bacteria, but  te a  small

extent.  On  the  other  hand, hydrolysis  of  the

cyano  group  of  CYN  leading  to  CYN-COOH  via

CYN-CONH2  ",as  ebserved  as  a  main  metabolic

rcaction,  especially  by  A.crrobacterium  sp. <B-7,
B-15  and  B-17). After 48hr  of  incubation,

CYN-CONHz  amounted  to 9.70/. in the  culture

with  B-15, which  had  the  highest  activity  among

the strains  examined.  In a  previous degrada-
tien  study  of  CYN  in soil,i2)  cleavage  of  the  ester

linkages  was  a  main  degradation  pathway  and  the

cyano  group was  not  transfurmed.  No  nitrile

transformation  ef  CYN  has  been  reported  in

metabolism  by  rnammals,i3)  plants,i2) and  photo-
deeampositien,5) although  hydrolysis of  aromati ¢

nitrile  by  microorganisms  has  been  well  examined

in tnetabolisni  of nitrilic  herbicides  such  as

bTomoxynili"6)  and  ioxynil.i5,t7) It is known

that  nitrile  hydrolysis by  microorganisms  pro-
ceeds  via  two  types  of  transformations:  a  two-

step  reaction  from  the  cyano  group  to thc  cor-

responding  carbox.vlic  acid  ?.,i.a arriide  inter-
mediateiB,!9)  and  a  single  reaction  of  the  cyano

group te the  (/.orresponcling  carboxyl

group,U,i5i20,2i) Transforma,tion  of  the  cytxno

group of  CYN  by  the SLT-degrading  bacteria
seemed  to proceed  via  the  foriner inetabolic  reac-

tiOll.

  A  recent  investi.cr.ation with  an  organophos-

phate-degrading enzymc,  parathion 1iydrolase,22)
shows  that  the  enzyme  has  a  broad  substrate

range  for dialkylthiopiiosphates,  Insecticides

hydrolyzed  by  this enzyme  include  methyl  para-
thion, diazinon, fenitrothion, cyanophos,  clilor-

pyrifos ancL  coumaphos,  in addition  to parathion.
Another  two  Pseudomonas  strains  isolate(l from

soil  and  sewage  were  able  to utilize  eight  or-

ganophosphorus  insecticides as  sole  phosphorus
sources,  showing  a  broad  substrate  range.23)

Munnecke2`)  has  also  demonstrated  that  the

crude  phosphoesterase obtained  from  a  mixed

bacterial culture  hvdrolvzed  at  least nine  or-                 ""

ganophosphates,
  Three  SLT-degrading  A.ayobacterinm  sp.  strains

(B-7, B-15  and  B-I7) hydrolyzed  SMT  and  CYN
to  a  small  extent,  but  not  PRT.  One  Aoilneto-

baoter sp, strain  (B-60) -･ith  the  highest SLT-
degrading  activity  was  slightly  more  active  than

the  flgvobaote･riMm  sp. strains  in hydrolyz{ng  SMT
and  CYN.  It also  hyclrolyzed PRT.  These
results  suggest  that enzyrnes  catalyzing  the

cleavage  of  the  I'-O-aryl  linkage  oi  SLT  in the

baeterial  strains  used  were  fairly speeific  to the

cyclic  organophosphorus  insecticide SLT  and

that they  are  different from  the phopshoester-
hydrolyzing enzymes  described above  in terms

of  substrate  specificity.  The  SLT-demethylating
enzyme  in B-60  also  seerned  to be considerably

specific  for substrate  since  the  P-O-alkyl  lin]<age
of  SMT,  PRT  and  CYN  was  hardly  cleaved  by

the  strain.  This high substrate  specificity

might  be due to the  unique  cyclic  structure

of  SLT.

 1)

 2)

 3)

 4)

 5)

 6)
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要 約

　±壌か ら単離 した サ リチ オ ン 分解菌 に よる フ ェ ニ ト

　 ロ チオ ン ， パ ラチ オ ン お よび シ ア ノホ ス の 代謝

　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 　 井 藤 和人

　す リチ オ ン を P −0一ア リ
ー

ル お よ び P −0一ア ラ ル キル 結 合の 開

裂，お よ び脱 メ チ ル 化 に よ り分 解 す る 3株 の Agrobacterium

sp ．お よ び 1 株 の Acinetobacter 　sp 。は，フ ェニ ト ロ チ オ ン ，パ

ラ チ オ ン お よ び シ ァ ノ ホ ス の P−0．一ア リ
ール お よ び P −0 一ア ル キ

ル 結 合の 開裂 に お い て ほ とん ど活性 を示 さ な い か 弱 い 活性 し か

示 さ ず，単離 され た サ リ チ オ ン 分 解 薗 が 基質特 異性 の 高 い 分解

関連 酵 素 を有 して い る こ とが 認め られ た ．一
方，Acinetobacter

sp ，は ，フ ェ
ニ ト ロ チ オ ン お よ び パ ラ チ オ ン の ニ ト ロ 基 の ア ミ ノ

基 へ の 還元，お よ び そ
．
れ に 引 き続 く ア ミ ノ 基 の ア セ チ ル 化 に 弱

い 活性を示 し た．ま た，3 株 の Agrobacterium 　 sp ．は シ ァ ノ ホ

ス の シ ァ ノ 基 を 2 段階に 加 水分解 し，シ ア ノ ホ ス の ア ミ ド体 お

よ び カ ル ボ キ シ ル 体が 培養 液 中 に 認 め られ た ．
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