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ABE

   A  fungicide, mepronil  (3'-isopropoxy-2-methylbenzanilide, trade  name:  Basitac) in-
hibited potently  the  oxidation  of  succinate  in mitochondria  isolated from  rnycelia  of  Rhi-
eoctonia  solani.  which  was  measured  by  oxygen  consumption.  while  it did not  affect  the oxi-

dation of  NADH  ef  mitochondria  from  the  fun.ffus. It inhibited the following enzymes  in the

isolated mitochondria  from  R. solani  which  are  responsible  for the oxidation  of  succinate;

succinate-cytochrome  c  reductase  (Iso: O.25 pM),  succinate-coenzyme  9io reductase,  suceinate

dehydrogenase  assayed  using  DCPIP  as  an  electron  acceptor  (Iso: O.24pM, Ki: O.082 pm[
Ki': O,2S pmi) and  succinate  dehydrogenase  assayed  using  both  PMS  and  DCPIP  as  electron

accepters.  It, however,  did not  inhibit succinate  dehydrogenase  which  was  solubilized  from
the mitochondria,  It had  no  significant  effect  on  succinate  dehydrogenases in mitochondria

isolated from  other  sources  such  as  brieuralia o?oiffae.  Botx),tis cinefea,  rat  liver, mouse  liver,
etiolated  pea  seedling  and  sweet  potate  root.  These  results  indicated  that  mepronil  selec-

tively inhibits succinate  dehydrogenase  in mitochondria  of  R.  solani.

             INTRODUCTION

  Mepronil, 3'-isopropoxy-2-methylbenzani-
lide, (trade name:  Basitac) is a  fungicide which
is highly effective  against  Rhi2octonia solani

IAi,2) a  rice  sheath  blight fungus, It is less

phytotoxicity than  other  benzanilide iungi-
cides  such  as  mebenil.2)

  Suda  et al.S) have reported  that mepronil

inhibited glucose, pyruvate and  oxalacetate

from being oxidized  by  mycelia  of  R. solani  at

concentrations  high  enough  to inhibit the
mycelial  grewth. This  observation  suggests

that  it inhibits some  energy-linked  metabolism

of  the fungus  such  as  the citric  acid  cycle  or

electron  transport system.

  Carboxin, which  is structurally  related  to
mepronil  and  has a  iungicidal spectrum

similar  to that  ef  mepronil,  has been reported

*
 Part  ol  this  woik  was  reported  at  the  ){eeting of

 1'esticide Science Society of  Japan, Kawasaki,

 March  1987,

to have inhibited the succinoxidase  system  in
isolated mitochondria  from Ustilago maydis

and  rat  liver.`) Subsequently, its site  oi  ac-

tion has been  shown  to be  in the complex  II
region  of  the  respiratory  chain,5'T) A  recent

report  has  also  demonstratecl  that substituted

benzariilides including mepronil  inhibited suc-
cinate  dehydrogenase  (succinate-DCPIP-re-
ductase) in isolated mitochondria  of  U.
mayais8)  and  R. solani.9)

  In the present work,  we  studied  not  only  the

effect  of  mepronil  on  succinate  oxidation  in
mitochondria  isolated from R. solani  and  other

organisms  including fungi, animals  and  plants
but also  the kinetics of  the  inhibition of

succinate  dehydrogenase of  R. solani.  From
results  we  found the action  mechanism,  selec-

tive toxicity and  phytotoxicity of  mepronil.

       MATERIALS  AND  METHODS

1. Materials

  R. solani  IA, llJy,ricuralia ofly2ae  and  BotzJ,tis
cinerea  were  maintained  on  potato-sucrose or
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potato-dcxtrose  agar  slants  in our  Iaboratory.

"'ister rats  and  B6C3Fl  mice  were  obtained

from  Japan SLC  Co., Ltd.  Etiolated pea
seedlings  (Pisum sativum,  cv.  Akabana-tsuru-
nashi)  were  grown  in the dark  

'for
 5 days  at

30CC, Sweet potato tuberous  roots  (ipomea
batatas, cv.  Koukei) were  obtained  in a lecal

market.

2. Chemicals

  The  following chemicals  were  purchased
from commercial  sources:  MOPS  and  EDTA

from Doujin Chemical Institute, cytochrome  c

from  horse heart, antimycin  A  and  coenzyme

2io from  Sigma  Chemical  Company,  NADH

frorn Oriental Yeast Co., Ltd., rotenone  from
Aldrich Chemical Company,  agar  and  yeast
extract  from DIFCO.  

'

  Mepronil, carboxin  and  oxycarbokin  were

provided  as  reagent-grade  products  from KI
Chemical Research  Institute Co., Ltd.

3. PreParation･ of flfitochondrial Fmction

  Mitochondria were  prepared from rats  and

mice  by  the method  of  JQhnson &  Lardy,iO)

and  those from etiolated  pea seedlings  and

sweet  potato  tuberous  roots  by  the methods

of  Nawa  et  al.'i) and  Asahi,i2) respectively.

Mitochondria were  isolated from R. solani,  P.
o?:y,zae and  B, ci･nerea  as  follows: mycelial  frag-
ments  of  R. sola7ii  from  the  colonies  on  potato-
sucrose  agar  slants  were  inoculated into a

Czapeck-yeast extract  liquid medium  con-

taining 2ef6 glucose, O.2%  ammenium  sulfate,

O.2%  sodium  nitrate,  O.1 9iG potassium dibydro-

.genphosphate,  O.le/6 sodium  citrate,  O.1?,,6

yeast extract,  O.019,b' calcium  cliloride,  O,OIO/6

magnesium  sulfate  and  O,O059.,.' ferric(II)

sulfate,  and  precultured  at  280C on  a  rotary

shaker  (2eO escillationsfmin)  for 2 days. Two
hundred  mi]liliters  of  the precultured  medium

in a  500-ml  Erlenmeyer  flask containing  some

masses  of  mycelia  was  homegenized  in a

sterilized  Waring  blender and  10 ml  each  of

the aliquots  was  again  cultured  in 200ml  oi

the Czapeck-yeast extract  liquid medium  for
38hr  under  the  same  condition  as  for the

preculture, The  mycelia  were  collected  by
vacuum  filtration and  then washed  three
times  with  distilled water  and  twice with  O.6 M

ef  mapnitol  solution.  Ten  grams  of  mycelia

rg 1l  SP  nt 4 IP  2 fi-

thus  obtained  was  ground with  30 ml  of  20 mM
MOPS-KOH  buffer, pH  7.1, containing  O.3 M
mannitol,  O.1%  (w!v) BSA,  1 mM  EDTA  and

20g  of  sea  sand  (buffer A) in an  ice-cold
mortar.  Tlie homegenate  was  squeezed

through  one  layer of  nylon  gauze and  centri-

fuged at  700 × g for 7min  and  20eO × g for 10

min.  The  supernatant  was  centrifuged  at

27,OOOxg for 2emip,  The  resultant  aggre-

gate was  collected  with  a  Pasteur  pipette and

iNiashed  three times with  approximately  20 ml

of  10m"t  MOPS-KOH  buffer, pH  7.1, con-

taining O.25 M  sucrose  and  1 mM  EDTA  (buffer
B). The  aggregate  was  finally recovered  as  a

pellet by  centrifugation  at  15,OOOxg  for 20
min  and  suspended  in 1.5 ml  of  buffer B. This
suspension  was  freshly prepared  for each  ex-

periment. The  mitochondrial  preparation thus
obtained  showed  electron-transport  activity,

but no  oxidative-phosphorylation  activity.

  In the case  of  P. oilygae, 10 ml  of  each  spore

suspension  was  inoculated into a  glucose-yeast
extract  medium  consisting  of, 2e/. glucose and

O.4%  yeast extract.  The  inoculated medium

was  cultured  for 3 days under  the cbnditions

described for the culture  of  R. solan･i,  The
mYcelia  were  collected,  washed  and  homog-
enized  iiJith  buffer A  in an  ice-cold mortar.

The  homogenate  was  passed through  a  nylon

gauze and  centrifugecl  at  2000xg  for 7min.

The  supernatant  was  then  centrifuged  at

I5,OOOxg  for 2emin.  The  resultant  pre-
cipitate  was  i4rashed  twice "rith  buffer B  and

recovered  by  centrifugation  at  15,OOexg  for

20 min,  Finally the  pellet was  suspended  in
buffer B  and  used  for assays,

  B. cinerea  was  cultured  in the  cenditions

described for R. solani  except  the temperature
of  20DC and  the culture  medium  of  glucose-
yeast, extract.  Mitochondria from B. cinerea

were  prepared  by  the method  described for P,

orvxae,

 
;All

 operations  described above  were  carried

out  at  O-40C,

4. Measttrement of Oaygen Consu･niption

  Oxygen  consumption  was  measured  polaro-

graphically with  a  recording  oxygen  electrode

(Yellow SI)rings Instrument Co.} in 3ml  of

10mM  sodium  phosphate  buffer,. pH  7.0,
containing'  O.3M  mannitol,  5mM  magnesium
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chloride,  10mM.pot'assium chloride  and  O.1%

<w!v) 
'BSA

 at 250C, Oxygen  uptake  was

calculated  on  the basis of  240 paM Oz in･ the
aerated  medium'3)  and  expressed  as  nmol  02

per minute  Per mg'protein.  An  inhibitor was

dissolved in ethanol  and  added  to a  reaction

mixtufe  (fifia'I' ethanol'  concentration:' 
'O.S-1'%

<v!v>).

5. EnaymeAssays

  Succinate- and'  NADH-cytochrome  c re-

ductases were  assayed  by  measuring  the

increase in the absorbancy  at  550 nm  resulting

frem the reduction  of  cytocl]rome  c in a  double-

beam  spectrophotometer  with  a  sipper  cell

(Hitachi 220). An  extinction  coethcient  ef

1,92× 10  ̀ MHi  cmHi  was  used  to calculate  the

amount  of  reduced  cytechrome  c.")  The  reac-

tion mixtures  contained  mitochondria  (5-25
pg  protein), 50m}･i potassium  phosphate (pH
7.2), 1 mM  KCN,  27 psM cYtochrome  c, and  20
mM  sodium  succinate  or  O.2mM  NADH  in a

final volume  of  3 ml.

  Succinate- and  NADH-coenzyme  9ie re-

ductases were  assayed  by  measuring  the

decrease in the absorbancy  at  275nm  re-

sulting  from the reduction  of  coenzyme  9io
after  extraetion  into hexane layers.i5) The

reaction  mixtures  were  composed  of  mito-

chondria  (approximately 200pag protein), 33

mM  potassium phosphate  (pH 7.2), O.25M

sucrose,  I.5 mM  KCN,  O.232 pa}{ coenzyme  ?io,
and  20mM  succinate  or  1.5 mM  NADH  in a

final volume  of  3 ml.

  Succinate dehydrogenases  were  assayed  by
both directly reducing  2,6-dichlorophenolinde-

phenol (succinate-DCPIP reductase)  and  re-

ducing  DCPIP  or  cytochrome  c from phenazine
methosulfate  (succinate-PMS-DCPIP reductase

and  succinate-PMS-cvtochrome  c reduc-

tase),8,'6,i') DCPIP  re"duction  was  measured

by  the decrease in the absorbancy  at  600 nm

and  enzyrne  activity  was  calculated  by  using

an  extinction  coerncient  of  2.1× 10`M-t

cm-t,  Maximum  velocity  (V...) was  obtained

from double reciprocal  plots of  velocity  against

dye  concentration.  Solubilized succinate  de-

hydrogenase  from mitochondria  of  R. solani

was  prepared by  sonication  and  centriiugation

at  100,OOOxg  for 30 min.  The  standard  reac-

tion mixture  for succinate-DCPIP  reductase

contained'  mitochondria  (approximate!y' 100

pag protein), 50 mM  potassium  phosphate {pH
7.2), O.25 M  sucrose,  1 mM  KCN,  50 pmf DCPIP

and  16.7mM  sodium  succinate  in a  final

volume  of･3ml.  PMS  was  also  included in

the succinate-PMS-DCPIP  reductase  assay
'mixture.

 Mitochondria (apProxirnately 50  ps' g
oi  protein) and  solubilized  dehydregenase  (ap-
proxirnately 2pag ,of protein) wp;e  used  for

each  assay.  The  standard  reaction  mixtures

of  succinate-PMS-cytochrome  c reductase  con-

tained mitochondria  (approximately 50 ptg of

protein), 50rn]f potassium  phosphate (pH
7.2), O,25 M  sucrose,  1 mM  KCN,  2.5 pt･M anti-

mycin  A, O.54m}{' PMS,  54 pmi cytochrome  c

and  l6.7mM  sodium  succinate  in a  final

volume  of  3 ml.

  All redctions  were  initiated by adding

mitochondria  or  solubilized  succinate  dehydro-

genase and  carried  out  at  280C. Each  in-

hibitor to be tested was  dissolved in ethanol

and  added  to a  reaction  mixture  (final ethanol

concentration:10/.  (v!v)).

6. ProteinDete-rmilnation

  Soluble proteins were  determined by the

method  of  Bradfordi7) using,bevine  serum

albumin  as'a  standard.  Mitochendrial pro-
teins  were  determined  by  adding  400  pa1 of

60f6(w/v') TCA  te each  mitochondrial  solutipn,

The  solutions  were  left standing  for 1 hr at  40C

and  then  centrifuged.  The  resultant  prec!pi-
tates were  dissolved in IOO 

ict･1
 of  1 N  NaOH  and

assayed  for protein content  by the rnethod  of

Bradford,

        RESULTS  AND  DISCUSSION

1. EIZ7bct of MePronil on  the Oxidation of Suc-
   c'inate  and  IVADH  oj, Mitoohondria  Jso-

   lated from R.  solani

  Mepronil  strongly  inhibited succinate  irom

being oxidized  by isolated mitochondria  from

R. solanL  while  it hardly  inhibited NADH

even  at  as  high as  100  paM (Table 1), This result

suggested  that meproni!  selectively  inhibits the

qomplex  II region  but not  complex  I, III and

IV  regions  in the electron  trnasport system  of

R. solani.
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Table  1 Effect of  mepronil  on  the  oxidation  of

succinate  and  NADH  by  mitochondria  isolatcd

from  Rhigootonia  solani  IA,

Chemicals
Inhibition  (%}

Succinate")NADHa)

Mepronil

       O.3
       3,3

      33
      100

Rotenone
       1.6

Antimycin A
       1.6

(pervt)

("M)

<pmi)

415786

14

-b)o

 4.114

95

92

a)
 The  respiratory  rates  of  succinate  oxidation

  and  NADH  oxidation  without  inhibiters were

  4.4 and  52 nmol  02Imin/mg  protein respec-

  tively.
b)  Net  determined.

2. Efact of the Mapronil on  (lytochrome o

   Reductase and  Coenayme 2 Red"ctase of
   R. solani

  The  activity  of  succinate-cytochrome  c  re-

ductase  was  inhibited to nearly  the same

extent  as  the inhibition of  succinate  oxidation

which  was  measured  polarographically (Table
2). The  Iso value  of  this enzyme  inhibition was
O.25 paM, Succinate-coenzyme Qio reductase  was

inhibited 95%  by  5 paM mepronil.  On  the other

hand, neither  NADH-cytochrome  c reductase

nor  NADH-coenzyme  2io reductase  was  af-

fected by  mepronil  as sigriificantly as  succinate

oxidation.  These results  supported  that the

action  site  of  mepronil  is in the complex  II
region  in the electron  transport system  of

R. sogani.

3. PrqPerties of Succinate Dedydrogenase of
   R. solani

  VVThen DCPIP  was  used  as  a  direct electron

acceptor,  the V... of  succinate  dehydrogenase
in the mitochondria  isolated from R. solani

was  O.214± O.042pamol DCPIP  reduced  per
minute  per mg  pretein. On  the other  hand,  the

V... was  O.519± O.098 pamol reduced  DCPIP

per minute  per mg  protein when  PMS  was

employed  as  an  intermediate electron  acceptor.

The  Km  value  was  O.084± O.O16mM  for succi-

zale  spnt4e2n

Table 2 Effect of  mepronil,  carboxin  and  oxy-

carboxin  on  succinate-,  NADH-cytochrome  c  re-

ductase and  succinate-,  NADH-coenzyme  9io re-

ductase  from  R, solani  IA.

Reductase
Reactiena)

Compounds
  (psM>

Inhibition

  (%)

Succinate-
 cytochrome  c

Succinate-
 cytochrome  c

Succinate-

 cytochrome  c

NADH-cytechrome

c

NADH-cytochrome

c

NADH-cvtochrorne      "

 o

Succinate-

 Coenzyme  9io

NADH-
 coenzyme  9io

Mepronil

     O.10

     O.25

     O.50

     1.0
    10

Carbexin
     O,10

     O.30

     O,60

     1.0
     3.0

Oxycarboxin

     1.0
     5,O

    10
    25
   100

Mepronil

    IO
   100

Carboxin

    10

   100

Oxycarboxin

    10

   100

Mepronil

     5.0

Mepronil

     5.0

32496779gg

3953626979

 B.3295B8397

9.718

 5.823

oo

95

4.5

a)
 The  activities  of  succinate-  and  NADH-cyto-

  chromecreductases  of  control  runs  were  O.435

  and  2.15 Itmol of  cytochrome  c reduced  per

  minute  per mg  protein. respectively.  The

  activities  of  succinate-  and  NADH-coenzvme

  9io reductases  in control  runs  were  O.604 and

  O.578 pamol of  coenzyrne  9io reduced  per 25

  mln  per mg  proteln.
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nate  and  O,053±O,023 mM  for DCPIP  in direct
DCPIP  reduction  assay,  and  O.420±O,023 m}f
for PMS  in succinate-PMS-cytochrome  c  reduc-

tase assay  by  Lineweaver-Burk plots. The
specific  activity  of  succinate  dehydrogenase
of  R. solani  determined above  was  considerably

lower than those of  mammals,'9)  and  slightly

higher than that of  U. maydis.5'  The  Km
values  for substrate  and  electron  acceptors  of

the enzyrne  frorn R, solani  were  comparable

with  those of  U. maydis.

  Wowery  et  al.7)  have shown  that  the  turn-

over  numbers  of  succinate  dehydrogenase in a

typical preparation of  electron-transporting

particles (ETP) and  complex  II from beef
heart were  22,eOO and  10,OOO, respectively,  in
an  assay  system  using  PMS  as  a  first electron

acceptor  and  DCPIP  as  a  second  acceptor,

When  the activity  of  the cnzyme  was  assayecl

by direct reduction  of  DCPIP,  however,  the

turnover  numbers  of  the enzyme  were  6000
with  both preparation. Thus, the ratio  of  the
turnover  numbers  by  PMS  reduction  to those

by  direct DCPIP  reduction  was  over  3 (22,eOO/
6000) in ETP  and  below 2 (10,OOO16000) in

complex  II. Our  preparation of  mitochondria

from R. solani  seerned  to be composed  of  a

mixture  of  ETP  and  complex  II, since  the ratie

of  enzyme  activity  determined by  PMS  reduc-

tion to that determined by  DCPIP  reduction

was  approximately  2.4 (O.51910.214).

4. Efact ofMopronil on  the St･tccinate De]ij･'dTo-

   genase of R. solani
  Mepronil markedly  inhibited the activity  of

succinate-DCPIP  reductase  of  mitochondria

from R. soJani  with  its Ise value  being O.24 pmi
(Fig. 1). This Iso value  was  almost  the same  as

that obtained  with  succinate-cytochrome  c

reductase  described above  (O.25 paM) and  ap-

proximately half of  those obtained  based  on

the mycelial  growth and  the glucose oxidation

by  mycelia  of  R. selani  in the previous pa-
pers.2,3) The  results  suggested  that succinate

dehydrogenase inhibition is a  primary action

of  mepronil.

  As sho"rn  in Fig, 2, the inhibition of  succi-

nate-DCPIP  reductase  by mepronil  was  com-

pletely, showing  the nature  of  simple  satura-

tion  kinetic, while  the inhibition of  succinate-

PMS-cytochrome  c reductase  was  never  com-

nxvc.9-:DEE

100eo

ooopgeo

 lnhibitor

Fig.  1oxycarboxin,

oxalacetate

reductase

Assay  condition  and  enzyme  activity  of  the con-

trol  are  described in the text.

e, Mepronil;  i, Carboxin; -, Oxycarboxin;  A,

Oxalacetate;  M, TTA.

-8
 

-7
 

-6
 

-5
 

-4
 

-3

     Concentration  Clog  Molarity)

 Relative  potency  of  mepronil,  carboxin,

     thenoyltrifiuoroacetone  (TTA) and

    as  inhibitors of  succinate-DCPIP

   of  Rhixoctonia  solani  mitochondria.

54

     
-,

     'S-3

     kt,
      o
      '
     

･.-
 1

      q

     :to
        O  O.2 OA  O.6  O.8 1.0

        Mepronil  Concentration"cr6M)

Fig, 2 Dixon  plots of the  inhibition oi  succinate-

DCPIP  reductase  and  succinate-PMS-cytochrome

c reductase  of  Rhieoctonia  solani  mitochondria

by  mepronil.

The concentration  oi  DCPIP,  PMS  and  cyto-

chrome  c empleyed  in this  assay  were  50 pmf, O,54
m"I  and  54  Fe)f. respectively.  The  activities  of

succinate-PMS-cytochrome  c  reductase  and  suc-

cinate-DCPIP  reductase  without  mepronil  was

O.310 psmol of  cytochrome  c reduced  per mmutc

per mg  protein and  O.214 ltmol of  DCPIP  reduced

per mtnute  per mg  protein, respectively  under

saturated  condition  of  succinate,

e, Succinate-DCPIP reductase;  i, Succinate-

PMS-cvtochrome  c Teductase.

pleted, The  maximum  inhibition was  about

60%  when  O.54 mM  PMS  was  employed  in the

assay.

  On  the other  hand, the solubilized  succinate

dehydrogenase, which  did not  show  direct
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Table  3 Effect of  inepronil,  carboxin.  oxycar-

boxin and  oxalacetate  on  succinate  dehydrogcn-

ase  from  Rftigoctonia solani  IA,

Enzyme  activ'i'ty  was  assayed  using  phenazine
n}ethosulfate  {O.54 mM)  as  an  intermediate  elec-

tron  acceptor.  Ir)ach cempound  was  tested  at  IOe
asI  of  concentration.
J

  Enzvme  form     '

       t t tttt
Mitochondria")
'Solubilized

Succinutc

Dehydrogenascb)

ChcmicalsInhibitioll(g,6)

Meprenil  60

CarbDxin 59 .
                 3.3)Iepronil

Carboxin  

'
 O.8

Oxycarboxin  3.3

Oxalacetate  36

:i)  Tlte activity  oi'mitochondrial  succinatc  de-

  hydrogenase  of  the control  run  was  O.31] st･mol
  of  cytoclLrorne  o  rcducea  per ininute  per mg

  pretcm,
b)

 
'Vhe

 activity  of  s/]lubilized  succinate  [lchyclrog-

  enase  o[  the  cuntrol  run  ",as  O.488 pamol

  DCPIP  reduced  pL'r minute  per  mg  protein.

rg 17 ts ee 1e  51Znt  4 fil 2 fi

       oxidation  oi  mycelia  of･R.  solani  by  approxi-

       mately  409'.' and  8091, at  concentrations  of

       O.37p･M and  3.7pa}f, respectively,2}  the Iso

       value  obtained  in our  stucly  seems  to be con-

       sistent  with  mycelial  growth inhibition, sug-

       gesting that the culture  condition  of  R. solaml

       employed  in this experiment  is suitable  te

       clarify  the true potency of  enzyme  inhibition

       by  mepronil.

                                '

       5, Kinetics oj' the Inht'bit･ion of Succ21nate De-
           ]4J,drogenase from R. solan･i  bly Afapronil
         Inhibition oi  mitochondrial  I)CPI?  reduc-

       tion by  mepronil  was  ana]yzed  by'double

       reciprocal  plots, The  results  demonstrated a

       mixed-type  inhibition with  respect  to succi-

       nate  (Fig. 3).･ The  inhibition constant  was

DCPIP  reduction  but  showed  PMS-reducing

activity,  was  not  inhibited by  mepronil,  nor

carboxin,  nor  oxycarboxin  (Table 3). It is
known  that PMS  reacts  with  succinate  de-

hydrogenasc at  two sites  on  it, one  of  which

loses reactivity  ytiith PMS  by  sblubiiization.2")

Our  results  indicated tltat mepronil  reacts  with

one  of  the PMS  reactien  sites  which  has been
inactivatecl by  solubilization  and  that it never

reacts  with  the other  site  which  remains  reac-

tive with  PMS  irrespective of  solubilization.

  Motoba  et al.") have studied  the mode  of

action  of  flutolanil and  reported  that 1 lt･M and
10pt･M mepronil  inhibited succinate-DCPIP

reductase  of  R. solani  by  290f6 and  47%  respec-

tively, and  that  the  Iso value  was  1,4 /LM,
The  Isn value  of  succinate-DCPIP  reductase  of

R. solani  obtained  in this study  is considerably
lower  than  that obtained  by  Motoba  et al. In

the  course  of  our  study  the sensitivity  of  the
inhibition of  succinate-DCPIP  reductase  of  R.

sola･ir･i b}' mepronil  changed  depending on  the

growth stage  of  R. solani,  Longer  culture

period and  faster oscillation  than  those  de-
scribed  in the method  -lewered  the sensitivitv                                         "
of  the inhibition and  the inhibition was  turned

irom saturated  to unsaturated  bv  unknown

factors. Since mepronil  inhibited"the glucose

   -10 O 10 20

             11Succinate  (mM'i)

Fi.ff.,3 Lineweavcr-Burk  plots of  the inhibition

of  sllccinate-DCPIP  reductasc  o/f Rk･i:･oato･n･ia

sota7ii  mitochondria  by  mepronil  at  various  suc-

cinateconcentt'ations.

e.  Control;  L, O.25 Jt]i mcpronil:  -, O.5ptM

mepronil.

    
-10

 O 10 20

             1/ ! Succinate  (mM'i)

Fig. 4 Lincweaver-Burk  plots of  thc  inhibition

o{  succinate-DCPIP  reductase  of  Rhixoctonia

solani  mitochondria  bv  carboxin  at  various  con-

centrations  of  succinate.

e, Control;  i, O,3 ltM carboxin:  -, O.6 p}{ car-

boxin.
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Tablc4  Iso-values,of various  cornpounds  to

isolated frem  various  sourCes,.

succinate-DCPIP  reductase  in mitochondria

Mitochondria
  isolated
   from

Isoa) (×  10-6 M),

Mep Car Oxy TTA Oxa

R.  solani

P. oayeae

B, cinerea

Rat  liver
"Iouse  ]iver

PcaSsvect

 pgtato

   O.24

>IQO
  86

  99
  61>100>1OO

   O.S2

   4,2

   1.4

   5,3
   4.6>100>100

   6.8

  100
  -b)

  99
  51>100>1OO

>  1000

  710

    S.9

    4.6

>  1000>

 1000

 94202

395

146428

a)  Test  compouLnLdsL:  mepronil"(M'ep),  carboxin

  {TTA) and  oxalacctate  (Oxa).
h}

 Not  determined.

(Car).oxycarboxin (Ox}r), thenoyltrifluoroacetone

     -

                11PMS  (mM'i]

  Fig. 5 Lineweaver-Burk  pLots of  the inhibition

  of  succtnate-PMS-cytechrome  c  reductase  by

  mepronil  with  respect  to phcnazine  methosulfate.

  e, Control;  A,  100 pmt mcpronil,

calculated  to be O.082 paM for Ki and  O.23 paM
for Ki' from regression  curves.  The  similar  in-
hibition curves  were  also  obtained  for carboxin

(Fig, 4) and  oxycarboxin,  from which  the

values  of  Ki and  Ki' were  calculated  to be O.14

foM and  O.55 paM for carboxin,  4.1 pt.M and  17 ltM
for oxycarboxin,  respectively.  On  the other

hand,  the  inhibition was  uncompetitive,  con-

tained  a  small  noncompetitive  component

(Kt: 4.1 paM, Ki': O,18 pt･M) with  respect  to
DCPIP.  When  cytochromecwas  usecl as  the

electron  acceptor  from  PMS,  the inhibition by
mepronil  was  partially competitive  with  re-

spect  to PMS  (Fig. 5). The  inhibition pattern
of  carboxin  was  similar  (data not  shown),

  From  these kinetic data, it seems  likely that
mepronil  binds to the enzyme  at  a  different site

with  succinate  and  DCPIP.  Further study  is
necessary  before drawing a  conclusion  on  the

binding site  of  PMS  since  a  report7)  says  that

3'-mcthvlcarboxin,  an  analog  of  carboxin,

changed  the inhibition pattcrn  depending  upon

mitochondrial  preparation used  for assay.

6. Efact  of Mapronil  on  S"cci-nate Deh),drog-

   enase  in nfitochondria Jsolated .from Vari-

   olts  Organisms

  As  given in Table 4, succinate-DCPIP  reduc-

tase of  R. solan-i  was  inhibited potently by

mepronil,  while  DCPIP  reduction  by mito-

chondria  from  other  sources  was  not  markedly

affected  by  mepronil.  The  inhibitory potency
of  mepronil  to succinate-DCPIP  reductase

from rat  liver and  mouse  liver was  nearly

identical with that  to oxygen  uptake,  which

showed  a  good  correlation  of  the inhibition
between  succinate-DCPIP  reductase  and  oxy-

gen  consumption  (data not  shown),

  On  the other  hand, carboxin  inhibited not

only  succinate-DCPIP  reductase  of  R. soiani

but also  those of  P, oiz),xae, B. cinerea,  rat  liver

and  mouse  liver at  relatively  low concentra-

tions. TTA,  which  is knoiuri to be a  potent
inhibitor of  mammalian  succinate  dehydroge-
nase,  inhibited only  succinate-DCPIP  reduc-

tase from  rat  and  mouse  livers and  did not

inhibit succinate-DCPIP  reductase  of  R. solani.

  As  seen  above,  there were  great differences
in the sensitivity  to these inhibitors among

succinate  dehydrogenases isolated from  vari-

ous  sources.  Mepronil  was  a  fairly selective

inhibitor to succinate  dehydregenase of  R.

solani.
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要 約

殺菌 剤メ プ ロ ニ ル の作 用機作と選択性

　　　　　　 清水 　力 ， 中尾 　徹 ， 須田 欣孝 ， 阿部 　洋

　 メ プ ロ ニ ル は，イ ネ紋枯病菌 ミ トコ ン ドリ ア の コ ハ ク

酸 を 基 質 と す る 酸 素 消 費 を 低 濃度 で 阻 害 し た が ，

NADH を 基質 とする酸素消費に は ほ とん ど影響を与 え

な か っ た ．そ こ で コ ハ ク 酸酸化 に 関与す る酵素 に 対す る

影響を 検討 した と こ ろ ， 本剤 は 低濃度で イ ネ 紋枯病 菌 ミ

ト コ ン ド リ ア の コ ハ ク 酸一チ ト ク ロ ム C 還 元 酵素 （150；

0，25 μM ），
コ ハ ク 酸

一
コ ェ ン ザ ィ ム C！11， 還 元 酵素な らび

に コ ハ ク 酸一DCPIP 還 元 酵 素 （ls。； 0．24 μM ，　 Ki ；

0．082 μM
，

K1 ’
； 0，23 μM ）を 阻害す る こ と が 明 ら か と

な っ た ．以上 の 結果か ら，メ プ ロ ニ ル の 作用点 は 呼吸鎖

複合体 H の コ ハ ク 酸脱水素酵素 で あ る と 考えられ る．一

方，イ ネ い もち 病菌 ， 灰色 か び病菌 ， ラ ッ ト肝臓 ，
マ ウ

ス 肝臓 ，
エ ン ドウ黄化幼植物な ら び に サ ツ マ イ モ の コ ハ

ク酸一DCPIP 還元酵素 は 弱 く阻害 され た に 留ま っ た こ

とか ら ， 本剤 は 高い 選択性を 有 し た 薬剤 で あ る と考え ら

れ る ．
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