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               Translocation  and  metabolism  of  a  fungicide, pefurazoate  (pent-4-enyl N-furfuryl-N-

           imidazol-l-ylcarbenyl-Di.-homoalaninate, Healthied@)*,  were  investigated in idce  seedlings

           after  the  seeds  were  trcatccl  with  three  different  kinds  of  i4C-labeled  pefurazoate.  Three

           weeks  aftcr  seeding.  in a  sand  culturc  medium,  the  radioactivity  in the  seeds  accounted  for

           81.3-86.3%,  :md  decreased  to  54.1-55.8S,a during  the lollewing two-week  culture.  The

           decrease  was  mostly  due  to the  translocation  to the  shoots  and  the  roots.  Pefurazoate  was

           so  readi]y  metabelized  that  the parent  molecule  was  reduced  to 49.1-58.2?･S of  thc totnl

           radioactivity  in the sccdlings  three weeks  after  sceding.  During  thc  following two-weelc

           culture  it was  iurther reduced  to 22.6-25.49,i,, remaining  mostly  in thc seeds  (90.2-93.99,A).
           Major metabolites  wcre  4-pcntenyl  (RS)-2-furfurylaminobutanoate, {RS}-2-furfurylamino-
           butanoic  acid,  l-({RS}-1-carboxylatopropyl>-3-hydroxypyridinium, N-(furan-2-ylcarbony])-

           glycine, (RS)-2-aminobutanoic acid,  imidazole, hydantoin  and  hydantoic  acid,  Conjugated

           metabo]ites  were  observed  in small  arnounts.  
'I'he

 metabolic  pathway  of  pefurazoate  in the

           rice  plants was  almast  simi}ar  to that  in soil.

             INTRODUCTION

  Pefurazoate is a  seed  fungicide for control  of

seed-borne  pathogens  of  rice,  such  as  Gibberella

ju]'tlhuroi, Cochliobolits miiyabeanus  and  PLvnl-
cularin  orl,.'･'-ae,i' Rice sceds  disinfected with

pefurazoate were  cultured  in a  nursery･  soil  and

transferred to a  paddy  field aiter  three weeks.

Pefurazoate  adhering  to the seeds  undeTwent

degradation in the nursery  and  paddy  soils.  Its
degradability in soils  has been reported  al-

ready.2)  The  present paper dcscribes thc
translocation and  metabolism  ol  pefurazoate
absorbed  in seeds.

        MATERIALS  AND  METHODS

1. Chemicals

  Three  kinds of  
i`C-pefurazoate

 <clesignated as

*
 The  chcmical  name  of  pefurazoate

 British Standards Institution.was
 givcn by

(1993>

F-, B-  and  I-labeled pefurazoate) (Fig. 1) with

differently positioned 
i'C

 were  synthesized  as

follows.

  F-labeled pefurazoate  (iurfuryi-labeled):
Prev{ouslv described.2)

  B-labeled pefurazoate (butanoate-labeled):
By  reaction  of  sodium  [3,4-i4Clbutanoate (spe-
cific  activity:  0,94GBq/'mmol, radiochemical

purity: 99.5C;,'.' , product  of  CEA)  with  bromine,
'3,4-i`C]2-bromobutanoic

 acid  was  obtained.

 3,4-i`C12-bromobutanoic  acid  was  esterified

with  penten}rl alcohol,  From  this product
butanoate-labeled  pefurazoate  was  synthesized

bv  the same  method  as  that for F-labeled

Pefurazoate.2)
  I-labeled pefurazoate (imidazole-labeled):
This was  obtained  by  reaction  of  J2-'`Climi-
dazole (specifie activit.v:  0.65GBq/mmol,
radiochemical  purity: 989,l,, product of  CEA)
with  carbamoyl  chleride  of  4-penteny･1 (RS>-2-
furfurvlaminobutanoate.
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Fig.1  Chemical  structure  and  labeled-position

of  pefurazoate.
*
 Labeled  position.

(F): furfuryl-labeled, CB): butanQate-labeled,  (I>:
imidazole-labeled.

  The radiechemical  purity of  the respective

i'C-pefurazoates
 was  more  than  97%' by  TLC

(Silica gel plate, 60FEst, 20 × 20 cm,  O.25 mm
thickness, Merck).

  The  synthetic  proceclure of  unlabeled  au-

thentic pefurazoate and  four reference  com-

pounds, PFAB,*  FAB,*  HPB*  and  FG," were

prepared as  reported  previously.2) Other  ref-

erence  compounds  (AB,* IM,Et HY*  and

HYA*)  were  purchased  from  Sigma  Chemical

Company  (U.S.A.).

2. Cztlture

  Seeds of  rice  <Oityxa sativa  L. cv.  Nihonbare)

were  dipped at  200C ior three days in the IOOO

ppm  
i`C-pefurazoate

 solutions  (seeds!solution
=1:  1, volumelvolume)  prepared  from  200,,i.,
wettable-powder  formulation.

  Ten  seeds  were  dipped for three days, put  in
a  Wagner  pot (1,t5000a) packed with  sand

(river sand/vermiculite==3:  1, volumelvolume)

and  cultured  in a  growth cabinct  at  20eC-
daytirne and  160C-night for 3-5 weeks.  They

were  fed with  a  culture  solution  (pl'I 5.5) con-

taining. mineral  nutrients,  
-i,e,

 N,  P, K, Mg  and

Fe  components.

3. AbsorPt･ion Test with  Seeds

  Seeds dipped for one  or  three  days in the
i`C-pcfurazoate  solution  b}, the method  men-

tiened above  were  successively  soaked  with

water  for two  or  four davs and  washed  in 3 ml
                     

.t-

'
 PFAB:  4-pentenyl (RS)-2-furfurylaminobutano-
 ate,  FAB:  <RS}-2-furfurylarninobutanoic acid,

 HPB:  1-<(RS)-1-carboxylatepropyl)-3-hydroxy-

 pyridinium,  FG:  N-(furan-2-ylcarbonyl)glycine,

 AB:  (RS)-2-aminobutanoic acid,  IM: imidazole,

 HY:  hydantoin,  HYA:  hydantoinic  acid.

ee3e  ilZrk5ffi8E

acetone  for l5sec. Radieactivitv in the

washings  was  determined  by  liquid scintilla-

tion spectrometry  (I.SC, Tricarb 2000CA,
Paekard)  with  a  Clear-Sol scintillator  (Nakarai
Chemical). Radioactivity in the seeds  washed

with  acetone  was  determined  similarlv  after

treatment  with  an  autocombustion  svstem

(ASC-113, Aloka).

4. Anctiytical ptfethods

4.1 Extraction

  The  seedlings  were  divided  into shoots,  roots

and  seeds.  Each  part was  macerated  over-

night  with  aqueous  acetone  (acetene/water=
10:1) (plantlsolvent=1:20, weight/volume),

homogenized  and  shaken  at  room  temperature

for 30min.  After filtration of  the resulting

suspension  with  a  membrane  filter (PTFE, O.2
/em, Toyo  Roshi), the residue  was  refluxed  with

80`Y. aqueous  ethanol  (residue/solvent=1:40,
weightfvolume).  Both  aqueous  acetone  and

aqueous  ethanol  extracts  were  combined  te

make  an  extracted  fraction. The  unextracted

fraction was  classified  as  bound  residue,

4,2 Fract-ionation and  determination of the

    extracted  .fraction
  The  extracted  fraction was  concentrated  in

wacuo  below  35eC  and  separated  to two  frac-

tions: one,  benzene-extracted  fraction ob-

tained  by  extracting  with  benzene  (concen-
trated  aqueous  extracted  fraction/benzene=

4: IO) and  the  other,  water-soluble  traction by

lyophilizing and  resolubilizing  with  methanol.

Each  fraction was  analyzed  by  TLC  using

solvent  svstems  shown  in Table  1.

  Individual solutions  (10-50 pt1> of  cach  frac-

tion were  spotted  on  silica  gel plates and

developed with  solvent  system  1. "rhen a

solution  containing  both pefurazoate  and

PFAB  was  analyzed,  solvent  system  2 was

a]so  used,  
i`C-compounds

 separated  on  the

silica  gel plate NvTere  detected by  autoradio-

graphy {3H ARG  film, Konica) and  their

radioactivitv  was  (letermined  bv  LSC.  Pefura-          - "
zoate  ancl  its metabolites  were  identified bv

co-chromatography  with  reference  compounds.

4.3 Conju.aates 
･in

 te,ater-soluble.fraction

  
'rhe

 water-soluble  fraction from  which

methanol  had  been removed  by  evaporation

in tvacuo
 was  treated  vLTith either  /7-D-gluco-

sidase  (Type 2, Sigma) or  cellulase  (Type 2,
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Table  1lty'  valucs  of  pefurazoate  and  its metabolites  by  TLC.

Compound
Solvent
systemH)

  No,
P-1  Pefurazoate  I'FAB
P-5

FAB  I)-2HPB  P-3
     P-4
     P-6FG

 AB  IMHY  HYA

123456789 O.85 oooo

o

oo

.82,75,91.30

,89

.96,03

O,82O,66

O.54

O.49

eooo

o

.46 O.30.38.oo

.45

.41O.27O.17

o,oo

O.09

O.20  O,36

 -  O.42

 -  O.Ol

 -  O.59

O,17O.17O.67e.29

O,08O,37

O.67

e.34  o.3o

O.38  O.16

e.49 O.43

a)
 Solvent

  (5Ilil)l
  (3,f314fl)
  NH40H

system  (volurnc ratio):  1, CHCIa/EtOHt280/6NH,OH  {2/4/1);
B, ,'NcOEttMeOHIHCOOH  (8/8tl); 4, C6HsCHslAcOEt  (lt5); 5,

; 6, AcOEttMcOH/AcOH  (10/'51'1); 7, ･i-PrOHt2RO/.NH`OH

(3tl); 9, n-CeHi2/AcOEt  (4Il).

 2, n-BuOHIAcOH/H20

(CHs)COiCHC13in-BuOH
<40/1)1 8, n-PrOHX28%

Sigrna) in phosphate  buffer (pH 5). The  reac-

tion product was  ly･ophilized and  resolubilized

with  methanol,  The  methanolic  solution  was

analvzed  bv  TLC  with  solvent  svstem  2,    v t' tt'
4.4 Boundresidue3,"

  The  bound  residue  (1--5 g) was  treated with

O.03M  sodium  hydroxidc  for 15min  with  a

sonicator  (VS-100, 
"V'erboclear}.

 The  filtrate
was  classified  as  protein fraction. The  pre-
cipitate  was  shaken  with  10eml  acidic  Van
Soest solution  (O.5M sulfuric  acid  containing

29/6 cetyltrimethy]ammonium  bromide) for 1
hr, The  resulting  solubilized  fraction was

classified  as  hemicellulose fraction. The  pre-
cipitate  was  shaken  with  dimethyl sulfoxide

containing  O,2Cl,a sulfuric  acid  at  l40aC for 5 hr,
The  filtrate was  classified  as  lignin fraction
and  its precipitate as  cellu]ose  fraction,

  Radioactivity in the soluble  fractions, 
･i.e.

protcin, hemicellulose and  lignin fraction, were
determined  by･ LSC. Radioactivity in the
cellulose  fraction -'as  calculated  bv  subtract-

ing the radioactivity  of  the soluble  fractiQns
from  that of  the total bound  residue.  Raclio-
active  compounds  in the protein and  hemi-
cellulose  fraction were  subjected  to TLC  with

solvent  systcm  2 bx, almost  the same  method

as  that for the conjugate  hydrolysate  after

neutralizing  their fractions.
  The  net  amount  of  each  fraction was  deter-
mined  gravimetrically from the oven-dried

sample.

        RESULTS  AND  DISCUSSION

J, AbsoilPtion of Pqfurazoate by SeedsS)

  Rice seeds  were  soaked  conventionally  for

one  day  with  a  seed  fungicide and  for the fol-

lowing  iour day, s with  water.  In the present
metabolism  experiment  the seeds  were  soakecl

with  pefurazoate solution  for three  days  and

with  water  another  two davs in order  to im-

prove  the absorption  of  pefurazoate.
  The  carrying  ratio  indicating the radio-

activity  carried  by  the seeds  (on and  in) was

23.29,a of  the applied  amount,  and  the absorp-
tion ratio  indicating the true  intake by  the
seeds  was  20,99.,a of  the applied  amount,  The
carr}Jing  ratio  increased with  the time  of  soak-

ing with  pefurazoate  and  the absorption  ratio

was  not  much  affected  by  soaking  s-'ith water

(data not  shown).  This indicatecl that most

of  pcfurazoate  was  in ttie seeds  not  on  the

hulls.

2, Distribution of Rad-ioactivittv iin  Seedlivags

   (Table 2)
  The  total radioactivity  in the  seedlings

cultured  for three to five weeks  after  seeding

scarcely  fluctuated {100-113.2%). This  show-

ed  that  the exudation  of  metabolites  from the
roots,  the evolution  of  volatile  metabolites  sucli

as  C02  and  the uptake  from the culture  me-
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dium,  into which  pefurazoate was  carried  by

seeds,  were  negligible,

  Radioactivitv was  distributed in the  seed-

lings cultured  for three  weeks  as  follows: XVith

F-]abeled pefurazoate, 7,l9,6 in the shoots,

86,3V'.' in the  seeds  and  6.69,6 in the roots,  and

these ratios  were  almost  same  with  B- and  I-

labeled pefurazoate, In every  case,  81.3-

86.3")'6 of the total radioactivity  remained  in

the seeds,

  The radioactivity  in the seeds  clecreased with

the elapse  of  culture  time, accounting  for 54,1--

54.90/6 in the seeds  cultured  with  any  
i`C-

pefurazoate  for five weeks.  As  the  radie-

activity  in the seeds  decreased, that in the

sheots  and  the roots  increased. The  radio-

activity  in the seeds  was  readily  translocated

to the shoots  and  the roots.

3, Fate of Ptllediraxoate ana  Its Ofetabol-ites

    (Table 3)
  A  number  of  metabolites  were  I)roduced in

each  seedling  treated with  F-, B- and  I-labeled

pefurazoate during  the three-week  culturc.

  With  F-labeled pefurazoate, PFAB,  FAB,

HPB,  FG, P-1, P-2 and  P-3  were  major  metab-

elites,  among  which  the chemical  structures

  Table 2 DtBtribution of  radiaactivitv  in seed-

  ]ings. .

                    (Distribution ra,tio,  ?O")

 Labeled
compoundPart

 of

seedlin.asTime

 aftcr  sceding

    (week)

3 4 5

F-labelShootsSeedsRoots  7,1 20.6
86,3 64.6

 6.6 15,9

30 354

 919

 1

Total100 101.1  104

B-labelShoots  10.7

Seeds  81.5
Roots  7.8

17.762,422.1

Total100 102.2

I-label ShootsSeedsRoots10.281.3

 8.5

16,73.11.

Total100
"'fi)

 O,.' of  total'radio-a'ctivity in-'

    tured  seedlings.

101.thrcc-"TEek-cul-

5814

 27

 5i)

 23io6'''bS

 54
 25'113

.3,4,8･].4.8.1.3.2

ng 3 E- i{Znt 5 lli 8 N

of  P-1, P-2 and  P-3 were  not  identified. Ti]ese

metabolites  were  less than  several  percents  of

the total radi()activitv  in the  seedlings  and

fluctuated onlv  slightly  during the  culture,

whereas  the residue  and  the other  hydrophilic

minor  metabolites  increased, Pefurazoate,

Table  3 Fate  of  pefurazoate  and  its metabolites

in seedlings,

                  (Distribution ratio,  %>a)

 Labeled
compoundDetected compound

Time  aftcr  seeding

    <week)

3 4 5

F-labelP.lb)Pefurazoate

PFABFABP-2b)FGHPBl)-3b)Otherse)

Kesidue

 1,356.6

 3.4

 3,6
 l.2

 O.9
 3,2

 O.5

 2.926.4

 3.038.5

 4.1

 3.5

 17
 O.9

 3.7

 O.9

 3,940,9

Total 100 101,1

 424

 4

 3
 2
 1

 5
 1

 848104

B-labelP-1Pefurazoate

PFABFABP-2HPB,XBPJ4b)OthersResidue

 2.849.1

 3.1

 2,3
 1.4

 1,3
 2.6
 o.o

 5.631.8

 2.531.3

 S.5
 2.4

 1.8

 1.6
 2.9
 O.1

 6.349.8

 1272

 1

 1

 l3o660

1,4･493,6155537,o,49138,12,9

.Tett}!
1OO

 i'J,
 58.2

 15.3
 O.1

 o.o

 O,1

 2,2

 22,2

102.2106,4

T-labclP.5b)Pefurazoate

IMHYHYAP.6b)OthersResiduc

 2.442.2l8.3

 O,4
 O.1

 O.1

 2.7B5.2

Total 100 101.4

 2.125.620.0

 1.0
 O,3

 O,1
 2.861,8li3.2

n)

b)

t/)

9/o of  radieac't{{TI'+MS'  in three-week-cultured

seecllings,

P-1,  -2, -3, -4, -5, -6 arc  the i]nidentified

metabolites.

Others contain  minor  metabolitcs  except  for
identified ones.
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Table  4Dissipation  and  translocatien  ef pefurazoate in seedlingli'.

  (Distribution ratio  of  peEurazeate,Vo.)

Lubeled  compound I'art of  seedlings

   Shoots

    Seeds

    Ruets

Time  after  seeding(week)

3 4 5

F-label o981.o.7
 (98..37)b)

 O.266.0

 (97.1)
 1.8

 O.440.t

 (94,O)
 2.2

Total 100 68,O 43.

B-label ShootsSeedsRoots o98

 1

46

 (98.6)
o

 O.660.2
 (94,5)

 2,9

 L49.

 3.

o56

 C90.2}
9

Totai 100 63,7 oo

1-labcl SheotsSeedsRoots 197

 I

,1.6

 (97,6)
,3

 e.770,6

 C97,2)
 1,3

U41

 1

,o.7.4

 (94,3)
.8

Totat 100 72.6

9,6 ef  pefurazuatc  in three-week-cultuTed  seediings.

The  value  in parenthesis  sho",s  ?･a oi  total  pefurazoate  in each  scecllings.

                                                 s

43,9

u)1.0

wl]ich  accounted  fur 56.6CZ, of  the total radio-

activity  in the seecllings  cultured  for tl)ree
weeks,  "ras  reaclilv  metabolizecl  in the  next

tw{) weeks,  decreasing to 24.49(,. The  rates

of  metabolism  were  similarlv  obtained  with

B- and  I-labeled pefurazoate.

  X･Vhcn B-Iabelecl pefurazoate was  used,  major

metabolites  were  PFAB,  FAB,  HPB,  AB,  P-1,
P-2 and  P-4. Major  metabolites  with  F-
labeled pefurazoate, were  the same  excluding

AB  and  P-4. P-4 was  not  identified,

  XVhen  I-labeled pefurazoate was  used,  major

metabolites  were  IM  ancl  P-5, the former
accounting  for 15.3-20.0% oE  the total radio-

activity  i'n the seedlings.  HY  and  HYA  were

minor  rnetabolites,  and  P-6  was  not  identified.

  Since most  of  pefurazoate  (90.2 -98.79,.' in the
seedlings)  remained  immobilized in the seeds

"iith  ever},  
i`C-pefurazoate

 as  shown  in Table
4, it was  clear  that pefurazoate was  metab-

olized  in the seeds,  without  being trans-

Iocated elsewl}ere,

4. filetabolic I'athzE,a.v of Pef'ttra:･'ocile
  From  the  identification of  metabolites  pro-
duced from three different kinds of  

i`C-pefura-

zoate,  a  metabolic  pathway  svas  proposed as

shown  in Fig, 2; The  metabolism  of  pefura-

zoate  was  mainlv  initiated from elimination

of  the imidazolylcarbonyl group to  produce
PFAB.  From  the eliminated  group imidazole
was  released  i./･ia decarboxvlation and  trans-
formed  to hydantoic acid  

'uia
 hydantoin.

PFAB  was  cle-estcrified  to FAB,  which  vieldcd                                    "

(ZI.INFXilR,W=,-,"
     o  Peturazoate

           
,.

           eqo 
Lxlt8oHFAB

 
HN

v
NoHHy

                       o

Lrl(L 
HN

 
NH2

UHOas
 tigXfrtOH

ra

 K.xfl.,oHAB 
OHyA

I"is,, 2 Proposed  pathway  uf  pefurazeatc  metab-

olism  in rice  plant.
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Table  5Fractionation  of  residue.

(cl,oa)

Labeled  conipollnd

Fraction
F-label B-label I-label

I-'roteinHemicellulosc

LigninCellulosc

 9.2  ( 53.4)h)

S8,1  ( 35.3)

32.7 ( 2.6)
20,O(  8.7}

 5.7 ( 48.7)
41.1 ( 40.1)
26.3< 4.1)

26.8( 7,1>

 4.0  ( 66.5)
42.1 ( 24.8}
30.9  ( 3.3)

23.0{  5.4)

Total residuc 100  (100 } loo aoe ) 100  {100 )

E}b)%
 of  total radioactivity  of  residue,

Thc  value  in parenthesis shows  the  substantial  content  determined  by  gravimetric  analysis,

FG,  AB  and  HPB,  FG  was  transformed  via

dealkylation of  tu  and  to-1 carbons  of  the

carboxvlate  moietv  and  exidation  of  furiuryl

carbonr  AB  was"produced  via  oxidation  of

furfuryl carbon  followed by  hydrolysis of  its

produEt. The  transformatien  to HPB  xvas

driven bv  the  condensation  reaction  between

the amine-nitrogen  of  FAB  and  the reactive

position-5 carbon  in the furan ring  of  FAB

caused  by  cleavage  of  its bond  between the

position-5 carbon  and  oxygen.

5. AnalLvsis of Conjugate  and  Bound  Residu.e

  The  water-soluble  fractions in the seedlings

cultured  for fivc weeks  after  treatment  with

each  labeled pefurazoate were  analyzed  for con-

jugates, Each  fraction showed  l,3-3.79,'.' of  the

radioactivity  at  the original  position on  thc

TLC  plate, which  seemed  to correspond  to tlie

conjugated  metabolites.  When  the fractions

were  treated in advance  with  6-D-glucosidase
or  cellulase,  tlie original  band  on  the TLC  plate
almost  disappeared, and  FAB,  HPB  and  IM

increased evidently.  It suggested  that these

metabolites  formed a  fair amount  of  glucose
conjugates.  Although the -OH,  

-NH-
 and

-COOH  groups of  these metabolites  appeared

to be responsible  for the formation of  the

conjugates,  further study  is needed  to elucidate

the type  of  conjugates,

  The  bound  resiclue  in the  seedlings  cultured

for five w'eeks  was  analvzed  and  the result  is

shown  in Table  5, In every  seedling,  the

hemicellulose fraction surpassed  the other  frac-

tions ancl  the protein fraction was  the least,

Thcse distribution ratios  were  quite different

Table  6 Analysis  of  hemicellulose fractien and

protein  fraction.

eb' )u)

 Labcled  Detected  In h¢ rni ¢ ellulosc  ln  l)rotein
cornpound  compound  fraction fraction

IiLlabell)FABFABHI)BFG 11.2

10,2

 -  b)44,711.2

B-labelPFABFABHPB 14.7
46.914,2

I-label IMHY 19.614.1 38.4

u･) %  of  radioactivity  in each  fraction.
b)  Not  detected,

from  those obtained  by gravimetric analysis,")

Furthermore, PFAB,  FAB,  HPB,  FG,  IM

and  HY  were  found  in the  pretein and  hemi-

eellulose  fraction, as  shown  in Table 6. This

showed  that  the radioactivitv  in the  bound

residue  was  not  from  the assimilation  t)ut

most]y  from the noncovalent  binding (.)f metab-

olites  (PFAB, FAB,  etc.) to plant constitu-

ents.
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要 約

水稲幼苗中 にお け る 種子殺菌剤ペ フ ラ ゾエ ー ト

の 移行および代謝

　　 　　　　　　　　境 昭 二 ，竹 中允章，西 田 均

　　 　　　　　　　　　　　 長谷　寛 ， 木村修
一

郎

水稲種籾 に 浸漬 処 理 した ペ フ ラ ゾエ
ー

ト （4一ペ ン テ ニ

ル ＝ （RS ）
−2一匚フ ル フ リル （イ ミ ダ ゾール ー1一イ ル カ ル ボ ニ

ル ）ア ミ ノ ］ブ タ ノ ア ート） の 幼苗期の 水稲に お げ る移行

お よび代謝を ， 三 種 の
14C

標識 ペ フ ラ ゾ エ
ー

トを用い て

調 べ た ．砂培土 に 播種後 3 週 目に お け る 水稲体内の
1℃

は ， 三 種の 標識体 に お い て 8L3 〜86，3％ が 種籾中に 分

布 して い た が ，5 週 目に は 54、1〜55．8％ に 減少 した ．

そ の 減少は ， ほ ぼ茎葉および根 へ の 移行 に よ る もの で あ

っ た ．一
方，ペ フ ラ ゾ エ

ートの 代謝 は 活 発 で ， 3 週 目に

幼 苗中全
1℃ の 49．1〜58．2％ 存在し て い た ペ フ ラ ゾ エ

ー トは ， 5 週 目に は 22．6〜25．4％ に 減少 し ， そ の 大部

分 （90．2〜93．9％）は 種籾 に存在 して い た ．主要代謝物

と して ， 4一ペ ン テ ニ ル ＝（RS ）−2一フ ル フ リ ル ア ミ ノ ブ タ

ノ ア ート， （RS ｝−2一フ ル フ リル ア ミ ノ プ タ ノ ア
ー

ト ， 1−

一（RS ）
−1一カ ル ボ キ シ ラ

ートプ ロ ピ ル ］
−3一ヒ ドロ キ シ ピ

リ ジ ニ ウ ム
，

N −（フ ラ ン ー2一イ ル カ ル ボ ご ル ）グ リ シ ン ，

（RS ）−2一ア ミ ノ ブ タ ン 酸，イ ミ ダ ゾール ，ヒ ダ ン ト イ ン ，

ヒ ダ ン トイ ン 酸 が 同定 され た ．抱合体の 生 成は わ ずか で

あ っ た ，こ れ ら の 代謝物か ら，水稲中に お け る代 謝経路

は 土 壌 中 と ほ ぼ 同 じ で あ る と考 え られ た ．
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