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   The  microbial  dcgradation  of  3-(5-tert-butyl-3-isoxazolyl)-1,1-diniethylurca (isouren) was

inyestigated  by  the  soil  perfusien technique  using  a  soil  collected  from  an  upland  field, Isouron

was  degraded  within  four wccks  in the pcriusion culture.  During  the course  of  isouron degrada-

tion, three new  compounds  werc  detected, and  thcsc were  identified as  1-(1-amine-4,4-di-

rnethyl-3-oxo-1-pentenyl)-3,3-dimcthylurea,  1,1-dimethyl-3-C2-pivaloylacctyl)-urea, and  4-

amine-6-tert-butyl-2H-l,  3-oxazin-2-one. The  sarne  metabolites  were  also  detected  in thc

liquid culture  containing  a  small  amount  of  soil  under  standing  conditions,  but  not  detected

under  shaking  conditions.  A  strain  of  yeast capable  of degrading isouron  was  iselated from

the soil perfusatc  and  was  identified to be Hansenula satuvnus.  New  metabolic  pathways  of

isouron isFere  preposed  from  the results.

             INTRODUCTION

  A  new  urea  herbicide with  isoxazolc ring,

isouronl･3-(5-tert-butyl-3-isoxazolyl)-1,1-dimeth-

ylurea] has been  developed  by  Shionogi  &
Co., Ltd., Osaka,  Japan. This  herbicide has

exce]lent  activity  against  ranges  of  broadleaved

and  grass weeds  by  both  pre- and  pest-emerg-
cncc  application  at  a  low dose.i,±

')
 XVe have

studicd  the fate and  behavior of  thc  chemical

in soil. Ozaki &  Hayase  demonstrated that
isQuron  and  its related  compounds  xNrere

metabolized  by  a  soil  fungus, Rhixoctonia solafvl,
and  that the main  degradation reactions  were

hydroxylation of  thc tert-butyl group at  iso-

xazolc  ring  and  demethylation  of  the urea  sicle

chain.3)  From  thc results  we  suggested  the
degradation pathways  of  isouron in soil,

  In the present study,  other  new  degradation

pathways  were  founcl through  the identifica-
tion of  three new  metabolites  of  isouron in
the  enrichment  culture  of  isouron using  a  soil

perfusion technique, an(1  a  microorganism

responsible  for the degradation was  identified
to be Hansenula  satttrnus,

        MATERIALS  AND  METHODS

1. Chemicals

  Isouron  and  5-tert-butyl-S-aminoisoxazole

were  synthesized  in Shionogi Research  Labo-

rateries.`'  1-(1-Amino-4,4-dimethyl-3-oxo-1-

pentenyl)-3,3-dimethylurea  (A) was  synthe-

sized  by  hydrogenation  of  isouron  with  10%

Pd-C  in 95%  ethanol  at  room  temperature.

1,1-Dimethyl-3-(2-pivaloylacetyl)-urea (B) was

prepared  by  hydrol}Jsis of  isouron with  O.1 N

HCI  at  550C for 90 min.  4-Amino-6-tert-butyl-

2H-l,3-oxazin-2-one (C) was  obtained  1)v.

hydrogenation of  5-tert-butyl-3-aminoisoxazole
with  10%  Pd-C  in 95016 ethanol  tollowed by
treatment  with  1,1'-carbonyldiimidazole at

room  temperature.

2. Soil and  Peof"ston Method

  Soil was  collected  from tlie upland  field in

our  laberatQries, crushed  and  passcd  tlirough
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a 5 mm  sieve, The  properties of  the soil  wcre

as  follows; clay  mineral:  vermiculite,  texture:

CL, clay  content:  16,90%, pH  (H20 and  KCI):
6,3 and  4.9, respectively,  organic  matter  : 20.83

9,S, C.E.C:  45.70 meqllOO  g soil,  and  maximum

water  holding capacity:  75,09,b' . Soil perfusion
method  was  similar  to that  of  Collins.5' Fiftv

grams  of  the  soil  was  packed in the column  of

the apparatus,  and  300 ml  of  a  mineral  medium

consisting  of  O,1 9,i. (NH4)ES04, O.029,6 KH2P04,
O.160f6 KiHP04,  O.020/. MgS04･7HzO,  O,Ol%

NaCl, O.OOI9,'.' FeS04･7H20  andO.05%  isouron,
adjusted  to pH  7,O, was  circulated  at  the rate

of  120 drops  per min  for a  month  at  room

temperature.

3. Analysis  of the Pei:fttsate

  One  milliliter  of  the perfusate was  periodical-･
ly collected  during the soil  perfusion and

extraeted  with  one  ml  of  benzene-ethvl acetatc                                v

(3:1), The  extract  solution  was  concentrated

and  dried in vacuo  at  403C. Tbe  concentrate

was  subjected  to thin-layer chromatography

(TLC) using  silica gel G  with  fiuorescent

indicator (Merck, O.25 mm  thick). Ethyl ether
was  used  for the developing solvent.  Isouron
and  its metabolites  were  detected by  spraying

a  solutien  of  O.1(,Y. 4-dimethy]aminocinnamal-

dehvde  in etl)anol  acidified  with  HCI, then   Uheating

 on  an  electric  heater, or  b.v placing
under  a  UV  lamp. Isouron  and  its metabolites

wcre  determined  from the diameter oi  thc
spots  and  the shade  of  its color  on  TLC  plate.

4. Jsolation and  (;haracterf'xation of Jfetab-
   olites

  The  perfusate was  extracted  with  ethyl

aeetate,  concentrated  
･in

 z,acuo  and  charged  as

a  zone  on  the original  line of  silica  gel G  plate

(2.0 mm  thick) and  developed  with  ethyl  ether.

Each  arca  of silica gel of  metabolites  detected
under  UV  Iight was  collected  and  extracted

three times with  ethvl  acetate.  The  extracts

were  concentrated  and  dried in i,acuo  at  40nC.
The  crude  materials  obtained  were  recrvstal-

lized from a  small  amount  of  ethyl  acet5te.

  Mass  spectra  of the metabolites  were  obtain-

ed  using  a  Hitachi mass  spectrometer,  Type
M-68,  at  70eV  of  ionization potential using

a  direct insertion probe, The  NMR  spectra

were  determined in CDC13 containing  tetra-

ce 2 
L."-

 H-,M 59 "5n

methylsilane  as  an  internal standard  on  a

Varian EM-36  spectrometer  at  60 MHz.

5. Isolation ana  Jdentijicatiion of Isouron-

   degrading Aficroorganisms

  Microorganisms capable  of  degrading isouron
were  iso]ated from  the perfusate by  the dilution
method  using  the aforementioned  mineral

medium  with  1,5% agar.  1'he colonies  develop-
cd  on  the agar  plate were  picked up  and

transferred to the nutrient  agar  slant  (1,OO/t.
beef extract,  1.09!. polypeptone,  O.501b' NaCl,

1,5%  agar,  pH  7.2) for bacteria, to potato-
dextrose  agar  slant  (clecoction extracted  from
200 g of  potato  with  1000  ml  of  water  at  12IOC

for 20 min,  20 g of  glucose and  15 g of  agar  in
1000 ml  of  total volume  of  water)  for fungi,

and  to Sabourauds' agar  slant  (4.0% glucose,
1.00/t, polypeptone,  1.59f,' agar)  for yeast, To

examine  the isouron degradation by  the

isolated microorganisms,  each  isolate was

inoculated into a test tube (18,O×  1,5 cm,  i.d.)

containing  5 ml  of  the mineral  medium  and

incubated without  shaking  at  280C for a

month.  Isouron and  its metal)olites  in thc

medium  were  analvzed  bv  TLC  as  described                " "

above.  To  studLy  the degradation by high
concentration  of  cell  suspensien  of  yeast
isolated, 3-day old  cells  grown  in the  Sabou-

rauds'  liquid medium  werc  harvested by
centrifugation,  washed  twice with  saline,  and

resuspended  in the mineral  medium  to give
20mg  dry weight  of  cells  per ml,  The  cell

suspensien  was  incul)ated at  280C on  a  recipro-

cal  shaker  at  250rpm  or  without  shaking.

Isouron  and  its metabolites  in culture  medium

were  analvzed  bv  TLC･. The  identification of

the yeasi  was  

V'pcrformed
 by, the  method

preposed by  Lodder.6)

                RESULTS

1. Isou･Ton Degradation  
-in

 an  Enr･icltment

   Ct･tltttre and  Isolation of the bfetabolites
  From  the enrichment  culture  of  the soil

perfusion for isouron degradation, a metab-

ulite  having  UV-absorption was  detectecl on

TLC  plate after  19 da.vs of  incubation {Fig. 1),

Isouron almost  disappeared within  4 weeks  in
the perfusate. I;inally 3 main  metabolites

(metabolite A, B, C in I;i'g. 1) were  found  on

thc plate under  UV  lamp. These metabolites

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

Journat of l]estieideSoience 9(2), May  l984 287

E

t,o

O.5-

o 89

o

OA

OB

oc

     o
            O 19 24  30 days

l;ig.1 Thin-layer  ct)romatoharani  uf  isuurun

metabolitcs  in perfusate at  O, 19, 24, and  30

days  aftcr  incubation.

A, B  and  C in thc  figurc: metabolites  from

isouron. The  TLC  ",as  developed  ",ith  ethyl

ether.

were  isolated from the perfusate by  TLC.
IYIetabolite A  was  white  crystals,  nip  l47-
148CC, analytical  value:  C 56.27, H  9.09, N
19,68, O  14.96, mass  (m,ix): 213 ()'1"), calcd.

for CioHigNsOz:  C 56.32, H  8.98, N  19.70, O
15,OO. This compound  has  UV-absc)rptien
spectrum  cl']aracterized  by  two  peaks at  225

nm  (e in methanol,  10,670) and  304nm  (e in
methanol,  27,300). The  

iH-NMR
 spcctrum  of

metabolite  A  is shown  in Fig. 2. From  these

data, metabolitc  A  was  identified as  1-(l-amino-

4,4-dimethyl-3-oxo-1-pentenyl)-3,3-dimethyl-
urea.  This  compound  may  be formed  by
reductive  cleavage  of  the isoxazole ring  of

isouron. Metabelite B  was  oily  liquid, analyti-

cal  value:  C  55,98, H  8.50, N. 13,06, O  22,45,
MW  214, calcd.  ior CioHieN203: C  56,e7, H

8.41, N  13.08, O  22.43, The  
iH-NMR

 spectrum

of  metabolite  B  is shown  in Fig. 3. The  lack
of  the peak at  14. 1 ppm  indicated thc hydrolysis
of  the amino  group  in metabelite  A. Metabolite
B  was  consequently  iclentified as  1,1-dimethyl-

3-(2-pivaloylacetyl)-urea. Metabolite  C was

white  crystals,  mp  245-248C'C, analytical  value:

C  56.74, H  7.04, N  16.55, O  19.67, MW  168,

calcd.  for CBH!2N202:  C57.14,  H7.14, N16,67, O

19.05. The  
iH-

 and  
iSC-NMR

 spectra  are  shown

in Fig. 4. From  these results,  metabolite  C was

identified as  4-amino-6-tert-butyl-2H-1,3-oxa-

zine-2-one,  representing  the metabolic  product
derived from metabolite  A  by  intramQlecular

elimination  of  dimethvlamine. The  same

metabolites  were  also  detectcd in the Iiquid
culture  containing  soil. The  conditions  were  as

follows: a  small  amount  of  soil  was  put  in a

test tube  containing  5 ml  of  the minera!  medi-

um,  and  the test tube  was  incubated at  28C'C
for a  month  with  or  witbout  shaking.  TLC  of

the culture  medium  sbowed  that  3 metabulites

were  produced in the medium  only  under

standing  conditions,  but not  with  shaking.
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 spectrum  Cb) ef

2. Jsolatt'on and  Identijication of Isottron-

   degrading Jficroorga･nisms

  Various colonies  were  developed on  the agar

rnineral  medium  inoculated  with  the perfusate.
Among  the colonies,  fivc strains  of  bacteria,
two  of  fungi and  three of  yeasts were  isolated

as  pure culture,  Only  a  strain  of  yeast (No.
E-2-4 isolate) had  the ability  to degrade iso-
uron,  but  the  degradability. was  -reak  in spite

of  the suthcient  growth of  the isolate in the
mineraJ  medium.  Thcn, the isouron degrada-
tion was  examined  in the  high  concentration

of  cell  suspension  of  No. E-2-4  isolate in the
mineral  medium  (20 mg  dry  wt!ml)  ineubated

at  28ZC. After 2 weeks  of  incubation, the
isouron  degradation  and  the production of  its

metabolites  were  observcd  using  the TLC

1o

mctabolite  B.

technique. Mass spectrum  of  a  metabolite

separated  from  the culture  mcdium  was

identical with  that of  the authentic  compound

A  (Fig. 5>. It was  concluded  that the strain  of

yeast, No,  E-2-4  isolatc, took  part in reductive
cleavage  of  isouron, which  was  a  new  degrada-
tion process of  isouren, by  soil  perfusion. The
ce]Is  of  No. E-2-4 isolate were  round  to oval

(size: 4-5 by･ 4.5-6.0xLm), and  multilateral

budding.  Tiie colony  on  malt  extract  agar  was

cretaceous  and  grayis}] white.  The  isolate
formed  faint pseuclomycelia  on  corn  meal  agar,

The  spore  was  saturn-shaped.  Creel)ing I)ellicle
was  formed in a  liquid culture.  Glucose  and

sucrose  were  fermented by  the isolate, but

galactose, maltose  and  lactose were  not  fer-
mented  at  all. The  isolate fermented one-
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third of  rafllnose.  Glucose and  sucrese  were

assimilated,  but galactese, maltose  and  lactose
were  not,  Ethanol was  assimilated  as  a  carbon

seurce.  Nitrate was  reduced  to nitrite.  Ester

was  preduced.  From  these results,  No, E-2-4

isolate was  identified as  Hansenula saturnus

on  the  basis of  the description by  Lodder.6'

               DISCUSSION

  "Je previously showed  that Rhi2octoni-a
solani  degraded  easily  isouron jn a  medium

under  shaking.S)  The  degradation  occurred  1)y

demethylation  of  the urea  side  ehain  and

hydroxylation oi  the  tert-butyl  group at  the

isoxazole ring.  The  former reaction  is well

known  in the degradation  of  phenylurea
herbicides.T-') The  latter was  reported  in the

 idi
 PPM{6}

spectra

 s6''''''g6'' 46' 2o' o

of  metabolite  C (soli.ent: d6-DMSO).

metabolism  of the herbicide tebuthiuron  with

thiadiazele ring  in animals.i")

  In this study,  the reductive  cleavage  of

isouron in the enrichment  culture  was  confirm-

ed.  Isouron was  metabo]ized  te its reductivc

cleaved  derivative (compound A  in Fig. 5)

by  addition  of  two  hydrogen  atoms.  This

compound  was  further degraded to two  com-

pounds (B and  C in Fig, 5) by  deamination of
compound  A  and  by  ring-closure  with  urca

carbon  after  dedimethylamination of  tl]e urea

side  chain,  respectively,  As shown  in Fig, 5,
the  degradation pathways  of  isouren were

suggested  from  the  results  obtained.  These
findings indicate that isouren is degraded by

quite different pathways  from  that  indieated

in our  previous report.3)  The  reductive  cleav-
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5 1'ropused degraclation pathways  of  isouron.

degradation  by  nhifoctonia soXaxi,

dcgradation  by  an  cnrichment  culture.

degradation  by  Hansenula  saturnus.

l,
 O-CH20H

     H
NHCON<

1 NNH2
 OlCH20H

H

age  may･  be one  ef  the important  degradation

processes in the metabolism  of  isouron, for it
is possible that  isouron is transferred into
simple  compounds  morc  quickly through  the
reaction.  A  similar  reaction  has been  alreadv

reported  in the metabolism  of  the fungicide
hymcxazole  in soil.it)  The  new  metabol{tes

found in the perfusion culture  were  also  recog-

nized  in the enriched  liquid culture  containing

soil under  standing  but not  under  shaking

conditions.  Further, a  strain  uf  yeast (No.
E-2-4 isolate) was  isolatecl as  an  iseuron-
degradable microorganism  and  idcntified as

Hansenula satu･r?itts. Isouron was  degraded by
this strain  when  it was  incubated in the mineral

medium  only  under  standing  but not  under

shaking  conditions.  These  results  suggest  that
the reductive  cleax,age  by  microbial  action

hardl.y occur  under  fully aerobic  conditions,

Soil perfusion technique is a  method  in which
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the　solution 　With 　SUbStrate 　iS　cirCUIated 　against

soil 　aggregates 　under 　aerati 〔｝n ．　Therefore，　the
s〔｝il　in　 the　 column 　is　in　 fairly　 oxidative 　c 〔肝

ditions．　 However ，　 our 　 rcsults 　 dcmQnstrate
tllat　the　rcductive 　reactic ）n 　（兀 curred 　in　the

perfusion．　The　solution 　in　the　soil 　could 　not

pass　enougll 　after 　a 　I（，ng 　｛11cubatiQn 　period，

probably　due　to　altere 〔l　structure 　of 　soil

aggregates 　by　various 　factors．　 Thus　it　may 　be
tllat　thC　SOil 　COUId 　OCCUr 　ill　redUCtiVe 　State ，

If　we 　shal ユtake　thi5、state 　into　consideration ，
the　rcductive 　cleavage 　of 　isouron　can 　occur

in　the　soil　perfusiol1．　 For 　these 　results 〔〕btaincd

in　the　laboratory　we 　suggest 　 that　 isouron
applied 　in　thc　field　soil 　may 　be　metabolizcd 　t‘｝

simple 　compounds 　through　the　reductive

cleavage 　of　isoxazQlc　ring 　under 　semi −anacrobic

conditions 　which 　are 　conlmon1V 　distributed　in
soil

，　 and 　through 　the　hydroxylatioII　of 　urca

side 　cllain 　and 　t♂rt−butyl　group 　at 　thc　isoxazole
ring 　under 　aerobic 　collditions ．

　　H αnsenu ，la　satf，tr・n ・u・s　degraded　isouron　to　1−（1−

amino −4，4 −dimethyl −3−oxo −1−pentenyl）−3、3−di
−

methylurea 　when 　the　high　concentration 　of 　cells

of 　the　organism 　wcre 　incubated　with 　isouron

under 　standing 　collditions ．　Isouron，　 howevcr，

was 　not 　lnetabolized 　thoroughly ．　 It　seems 　tllat
other 　species 　of 　microbes 　in　additioll 　to　H ．

sat ・urn ・zts　 may 　 take　 part　 ill　 tlle　 remarkable

degradation　of　isouron　which 　was 　observed 　in
all　enrichment 　culture ，
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要 約

　土壌環流お よび 分離 した酵母 に よ る イ ソ ウ ロ ン

　　の 分解経路

　　　　　　　　　．尾崎 守 ，
．甲瀬善 男 ， 小林 忍 ， 鍬塚昭三

　畑地土 壌 を川 い て 土壌環流 に よ る イ ソ ウ P ン こ3−（5−

ter’t−butyl−3−i9．oxazolyl ｝−Ll−dimctl ユylurea］の 微生物分解

を 検討 し た． 4 週 間 の 培養 で イ ソ ウ μ ン は 消失 し た， 3

種 の 分解物が 環流液中に 蓄積 し て い る こ と を薄層ク pr

マ 1・グ ラ フ ィ に よ り確認 し た ． こ れ らの 分 解物を．単離 し

そ れ ぞれ 1−（1−a 皿 ino4 ，4 −dimcthy1 −3−oxo −1−penteny1 ）
−

3．3 −dimcthylurea ，1，1−dimethy1 −3−（2−pivaloylacetyl）−

urea ，4．amino −6−iert−butyl−2H −1，3−oxazin −2−one と 同
’
走

し た ．ま た こ れ ら と 同 じ分解物 が 少量 の 土 壌を添加 し た

液体培地 の 静置培
．
養で も イ ソ ウ ロ ン か ら生 成す る こ と を

ii忍め た が ，振盈培 養 で は そ の 現 象 は 認 め られ なか っ た ．

な お イ ソ ウ ロ ソ 分 解能を有す る酵母 を 環流液よ り分離し

HaiTsenu・la　 sa−turn・“ s と1司定 した ， 以 上 の 結 果 よ り還 元

的開裂 に よ る イ ソ ウ 卩 ン の 新 分解経路を推 定 し た ．
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