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   The  mode  of  action  of  a  4-pyridone-3-carboxamide  derivative, DLII-1777  [5-bremo-
N-(2, 6-diethylphenyl)-1, 4-dihydro-I, 6-dimethyl-4-oxo-2-propyl-S-pyridinecarboxamidel,

was  studied  on  cotyledons  from  etiolated  or  green seedlings  of  cucun]ber  (Ctscumis sativus  L.

cv  Shimoshirazu-jibai) and  cornpared  with  tliat of  oxyfiuorfen  (2-chloro-4-trifiuoroinethyl-
pltenyl 3Lethoxy-4'-nitrophenyl  ether].  The  herbicide$  both  caused  the  leakage  of  

ninhydrin-

posit{ve amino  acids  in treated ctiolated  cotyledons  exclusively  in a  light C200 ieE m-2.sec-i

PAR).  Lipid  peroxid ¢ s  were  cleteeted  in the  cotyledens  treated with  10 peM DLH-1777  after

1-hr exposure  to the  light, DLH-1777  and  exyfluorEen  both  induced  ethane  production ln

green cotyledon  di$cs. ()n  the  other  hand,  gabaculine  (3-amino-2, 3-dihydrobenzoic acid},  
a

porphyrin  biosynthesis inhibitor, markedly  allev,']ated  the  amino  acid  leakagc  causecl  by  
DLH-

1777 or
 
oxvfluorfcn.

 DLH-1777  as well  as  oxvfiuorfen  induced  the accumulation  of  proto-

porphyrin  IX,  a  photosensitizing porphyrin, which  is believed to cause  light-dependent  
mem-

brane  cListruction,  Thcse  results  su.t gest that  DLH-1777  belongs  to the sarne  group  as  photu-

bleaching  and  peroxidizing  herbicides such  as  oxyflnorfen  andi  exadiazon  as  far as  the  
mecha-

nism  is concerned,  and  that  it is phytetoxic  through  inducing  abnormal  accumulation  of

protoporphyrin  IX  in trea,ted tissues  by  interfering their porphyrin biosynthesis.

            INTRODUCTION

  DLH-1777  [5-bromo-N-(2,6-diethylphenyl)-
1,4-dihydro-1,6-dimethyl-4-oxo-2-propyl-3-

pyridinecarboxamidel, a  novel  4-pyridone-3-

carboxamide  derivative, is a  herbicide that is

highly active  against  a  wide  range  of  upland

weeds  and  safe  to corn  by  pre- and  post-emer-
gence treatmenti' (Tab}e 1). DLH-1777  ab-

solutely  requires  light for its action  and  in light
it causes  rapid  bleaching and  necrosis  in

treated plants,') which  are  the common  symp-

toms  of  photobleaching diphenylether (DPE)
type  herbicides,E,3)

  Carotenoid pigments  have been claimed  to be

*  "{ost of  this  study  was  prcsented  at  the  14th

  Annual  Meeting oi  Pesticide Science  Society  of

  Japan, 1989

photoreceptors for such  light-dependent  ac-

tivity of  DPE  herbicides,2,`,5) However, studies

of action  spectra  on  various  plants have

indicated that  red  light that cannot  be ab-

sorbed  by  carotenoid  pigments is effective  in

the action  of  acifluorfen  ancl  the  cyelic  imide

S-23142.a'9' On  the other  hand, the action

mechanisms  of  acifluorfen  and  oxyfiuorfen  are

dependent on  the production  of singlet  ox.v･-

gcnir,i2) that peroxiclizes lipids under  light.5,tO)

According to recent  studies,i3'i7)  a series  of

these photobleachjng and  peroxidizing her-

bicidal actions  is due to abnormal  accumula-

tion of  photosensitizing porphyrins, especially

protoporphyrin  IX  (Proto).
  In the present paper, we  have tried to

confirm  the  effects  of  DLH-1777  on  I) mem-

brane disruption by  lipid pcroxidation, 2)

accumulation  of  porphyrins in cucumber
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cotyledons.  The  mode  of  action  uf  DLH-1777
is also  compared  with  that  of  oxyfluorfen,

       MATERIALS  AND  METHODS

1, Plant Afaterial

  Cucumber  seeds  (CucttntTls sativtts  L. cv

Shimoshirazu-jibai) were  obtained  irom Takii
Seed Co., Ltd. (Kyoto), 1'hey wcrc  seeded  in

pots with  vermiculite,  watered  with  distMed

water  (DW) and  grown  at  28CC in the dark for
5 clays or  with  15-hr daylength at  an  intensity
of  501eEm"2･sec-i PAR  for 7 days. The
etiolated  and  green cotyledons  were  excised

and  used  for subsequent  experiments,

2, Leahage ofAmilno Acids

  Twenty  etiolated  eotyledons  wera  treatecl

with  20rn1  of  a  buffer medium  [50mM
HEPES  (pH 7,2), O.5rm{ CaS04] containing

10pa}f DLH-1777  or  oxyfluorfen  with  or

without  500  le}{ gabaculine in a  glass vial  in
the dark for l6hr,  Six cotyledons  selectecl

irom  each  treatment  vial  vLTcre  plunged into

5 ml  oE  DW'  and  incubated with  gentle shaking

at  280C in the dark  for 6hr  or  in a  white

fluorescent light (200 /tEm-2･sec-i PAR)  ior
1 to 8hr.  A  2-ml portion oE  the bathing

solution  was  sampled  for thc detcrmination of
amino  acids.  The  amount  of  amino  acicls

leaked from the cotvledons  was  determincd
through  a  colorimetriG  reaction  with  ninhydrin

according  to the method  oi  Yemm  &  Cocking,iS)
From  the beginning oi  herbicide treatrnent to
the encl  of  sampling  ef  amino  acid  solution,  all

procedures  "Tere  conducted  under  a  dim  green
light (O.02 paE m"2･sec"i  PAR).

ee4e  SPnt2l#11n

3. EthaneProdttction

  Ethane  production in submergcd  cucumber

leaf discs was  determined by  the  method  of

Sato et at.i9' with  slight  modifications.  Leaf
cliscs (4mm in diameter) of  green cotyledons

were  prepared  with  a  brass cork  borer and  sub-

merged  in the buffer medium  by  vacuurn  in-
filtration. Forty  leaf discs were  treated with

5ml  of  the buffer mcdium  containing  DLH-

1777 or  oxyfluorfen  in a  glass vial  (10ml
volume).  The  vials  were  sealed  with  rubber

stoppers  and  incubated in a  white  fiuorescent
light (267 paE m-2･secHi  PAR)  at  28eC for 28
hr. One  milliliter  of  headspace  gas was

sampled  from the vial  and  injected into a  gas
chrornatograph  with  a  flarne ionization detector

(Shimadzu, Model  GC-RIA).  A  stainless-steel

column  (3ip× 2m)  fi11ed with  activated  alu-

niina  (60-80 mesh)  was  used  with  a  helium
carrier  gas flow rate  of  50mllmin.  The  in-

jector temperature  was  l500C  and  thc column

temperature  was  700C. The  relative  peak
area  of  ethane  gas was  calculated  from  ethanc

standard  (Gaskuro Kogyo  Ce., Ltcl.).

4. L(7bidPeroxitlesDetermination

  The  same  etiolated  cotyledons  treated with

101t){ DLH-1777  in the amino  acid  leakage

experiment  were  excised  and  placed on  fiIter

paper with  DW  in a  petri dish (12 cm  in diam-
eter).  Thc  petri dishes were  placed in a

white  fiuorescent light (20e pt,Em-2･sec-i
PAR)  at  250C  for l to  6 hr. Eight  cotyledons

werc  homogenized  with  6ml  of  the  buffer

medium  and  centrifuged  at  2000× g fur 5 min.
The  supernatant  was  diluted to one  fifth of  the
original  concentration  and  a  1-ml portion of

this solution  was  used  for the determination

of  the amount  of  lipid peroxides according  to
the  coloration  method  of  Kanazawa  et  al.2D)

with  Determiner@ LPO  (Kyowa Medix  Co.,
Ltd.).

5. J'orphvx,rinAnal.vsis

  Purphyrin pigments  were  extracted  acc()rd-

ing the method  ef  Duggan  &  Gassman.2i)
Twenty  etiolated  cotyledons  were  put  in 15 ml
ei  the buffer medium  cuntaining  10 pmi DLH-
I777 or  oxyfiuorfen  and  incubated at  250C in
the dark  for 3 to 8hr.  The  cotyledons  were

homogenized in 6 ml  of  acetone!O.1  M  NH40H
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(9!1, vfv).  From  the resulting  acetone  ex-

tract  lipopreteins and  cell  debris were  removed

by  centrifugation  at  30,OOOxg  at  OOC for 20
min.  Carotenoids were  removed  from  tlie

aqueous  acetone  solution  by  extraction  with

hexane,  The  hexane-washed  acetone  laver                                        J

was  analyzed  with  a  fluorescense spectro-

photometer (Hitac]ii, Model  F-3000). All ex-
tractions were  conducted  under  a  dim  green
!ight (O.02 pE  m"2･sec'i  PitR>.

6. Chemicals
  Chemieals were  dissolvecl in acetone  and

kept as  stock  solutions.  Final concentratiens

uf  the solvent  were  below O.1%  (vfv), In all

cases,  contro}s  were  treated with  the same

ameunts  of  the  solvent  as  in the assav.  DLH-
1777 [5-bromo-N-(2,6-diethylphenlyl)-1,4-di-
hydro-1 , 6-dimethyl -4-oxo-2-propyl-  3 - pyri-
dinecarboxamide] was  synthesized.  Oxyfiuer-
fen (2-chloro-4-trifluoromethylphenyl 3L
ethoxy-4'-nitrephen3'I  ether)  was  purjfied irom

commercial  emulsified  liquid formulation.

Gabaculine  hydrochloride  and  protoporphyrin
IX  were  obtained  from  Sigma  Chcmical, St.
Louis, Mo., USA.

        RESULTS  AND  DISCUSSION

  Since solute  leakage  is one  e ±
'
 the  charac-

teristics and  quantitatively･ measurable  pa-
rameters  o ±

'
 phytetoxicity  induced  by  photo-

bleaching herbieides,5'g) the  leakage of  ninhy-
drin-positive amino  acids  from etiolated  cncum-

ber cotvledons  was  measured.  Etiolatcd        J

cotyledons  from  cucumber  seedlings  grown
in the dark for 5 days were  treated with  10 /tM
DLH-1777  and  exvfiuorfen  and  incubated for
l6 hr in the dark b"eforc irradiation se  that the

herbicides could  be incorl)orated into cotyle-

dons  adequately.  Preliminary  experiments

showed  that the effects  of  DLH-1777  and

oxyfiuorfen  on  amino  acid  leakage reached

maximum  at  10pmi  (data riot  shown).  Both
DLH-l777  and  oxyfiuorfen  markedly  increased
amino  acid  leakage from cotyledons  as  incuba-

tion time  elapsed  (Fig, l), In ttLe dark, how-

ever,  there "Jas  no  virtual  amino  acid  leakagc
frorn the  treated cotylecluns  (Table 2). These

result$  demonstrated  that the solute  lcakage  of

DLH-1777  as  well  as  the herbicidal property
was  totally light-dependent.

G.n<vtutov"ctegpu.vrt:-,:et
O,5

o

oxyfluorfen

xg

1)l
 DLH-1777

.ttt.it.t.tt-ty-Vr;
controf

u
       12  4 6 8

               lncubationTiitte(hr)

Fig. 1 Time  course  of  amine  tLcid  leakage  frotn

cutyledons  o ±
'
 5-day-old etiolated  cucumbcr

seedlings,

Cotyledons  wcrc  treated with  10 psM oi  DLH-

l77'7 (c) and  oxyflunrfen  (A> for 16 hr  in the

dark  and  incubated  under  a  whitc  ligl]t (200 p,E
m-2･secui  PAR)  at  2e"C. Closed  circle  (e)
means  untrcated  eoiitrol.  fXbsorbancc  of  the

bathin.ri solution  was  read  at  570  nm  (AsTe). Bars

are  standard  errors,

Table2  Effect of  10 si.M DLH-1777  and  oxy-

fiuorfen on  aiujne  ucid  Icu]{agc frorri cotyledens'

of  5-day-o]d  etiolatecl  cucuniber  seedlings  in the

dark.

              Control  DLH-1777  Oxviluorfen                                  v

Arnino  acid
               O.I05 O,100 O.108
 leakagc

   (A,,,) (.O.Oll} (d.O.023) (± O.OIO>

 C-ttyledons were  treated  with  the  herbicicles for
 16 hr and  inctiba.ted foi 6 hr in the  dark. Absor-

 bancc  oi  thc  bat]iing. solution  was  rcad  at  570  nni

 (Ys7e)･

  Manv  studiesr9J22,!'i)  have shown  that etliane,      J

a  decornposition product  of  unsaturated  lipid

h>idroperoxides, is a  useful  index of  in vivo

lipid peroxidation in the tissues treated with

peroxidizing herbicides. We  measured  tlie

ethane  production  in submerged  green leaf
discs to  evidencc  of  membrane  distruction in

green-developed tissues. Sato et  al.t9)  have

reported  that  ethane  production in green
cucumber  discs treated with  0,3 "･M S-23142, a
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potent peroxidizing herbicide, reached  maxi-

mum  20 to 30hr  after  treatment  under  a

white  light. In our  preliminary experiment,

however, 1O leM DLH-l  777  caused  no  significant

ethane  production in green cucumbcr  cotyledon

di$cs after  10-hr of  incubation  (data not

shown),  so  we  increased the incubation time
under  light to 28hr.  Both  DLH-I777  and

oxyfiuorfen  induced ethane  production  in the
discs, but  ])LH-1777  was  less active  and  re-

quired highcr conccntrations  to reach  the
maximum  level of  effect  than  oxyfluorfen  (Fig.
2). However,  10 pt,M DLH-I777  and  oxyfiuor-

fen showed  no  significant  differencc in activat-
ing amino  acid  leakage from etiolated  cotyledons

(Fig. 1), These results  indieated that yellow,
achlorophyllous  tissues  were  more  sensitive  to
l)LH-1777 than  green-developed tissues, They
may  explain  the higher herbicidal property  of

DLH-1777  by  pre-emergence than post-emer-

gcncc application.i)

  In the presence of  OL,, photobleaching DPE
herbicides sucli  as  oxvfluorfcn  and  acifluorfen                   "

produce ]ipid peroxides in the treated tissues,
which  causc  membrane  distruction leading  to

solute  leakage of  amino  acids  and  ethane  pro-
duction.5,7,Z3) "Xe quantitatively determined
lipid peroxides in etiolated  cucumber  cotyle-

dons. Lipid pcroxides  were  detected in the
DLH-1777-treated  cotvledons  after  1-hr of

cxposure  to light, but  hot in the control  (Fig.
3), As  shown  in Fig. 1, leakage of  amino  acids

cu-fi.?

 3.'ig2E

℃tg･ig

 o

-/

"

.tf

""

;,
o

:l,,if
--  /
   o

         -

           5 10 50  JOO

              Cencentratiott(pM)

Fig, 2 Effects  of  DLH-1777  (O) and  exyfluerfcn

<A) on  the ethane  production  in cotyledon  disks

of  7-day-old green cucumber  sccdlinbcrs  under  a

"'hite  light (267 I,E m-L'･sec-i  PAR)  at  28"C  for

28  hr.Clo$ed

 circle  (e) mcans  untreatcd  centrol.

m4e  spnt2ainn

was  significantly  enhanced  2 to  4hr  after

DLH-1777treatment.  Theseresultssuggested
that  lipid peroxides was  produced first, follow-

ed  membrane  distruction and  leakage  of

amino  acids.

  Matringe  &  Scalla,i3) and  Lyden  &  Dukei5)
have  found  that  porphyrin synthesis  inhibitors,

4,6-dioxoheptanoic  acid  and  gabaculine, com-

pletely eliminate  the solute  leakage activity  of

acifluorfen-methyl  in achlorophyllous  and

green-developed  tissues. Gabaculine inhibits

porphyrin synthesis  by  inhibiting the bio-
synthesis  ot  5-aminolevulinic acid.2`)  Aiming
to confirm  the protective effect  of  gabaculine,
we  examined  the leakage  of  amino  acids  from
the etiolated  cotvledons  treated -rith  DLH-

I777 and  oxyflfiorfen  in the presence of

gabaculine, The  amino  acid  leakage caused

by  DLH-1777  or  oxyfiuorfen  was  markedly

alleviated  by  gabaculine (Fig, 4), "rhich  in-
dicated the possibility that porphyrin(s) played
a  role  in the light-activated phytotoxicity  of

DLH-1777  in the same  manner  as  peroxidizing
DPE  herbicides.

  Porphyrin extractions  were  made  after  3 to
8hr  incubatien  with  10paM  l)LH-1777  and

oxvfluorfen  in the daik and  the extracts  were  J

3gtu.di)A8

 2dehmffeszapuH4aRtu"N.g"

  
    O12  4  6  8

               Irradiatioit7'ime(hr)

Fig, 3 Effect of  1)LH-1777  on  lipicl peroxidation
in cotylcdons  of  5-day-old  etiolated  cucumber

seedlings.

Cotyledons  were  treatcd  with  10"･M  ot  DLH-

1777 for 16 hr in the  dark  and  irradiated with  a

white  Iight {200 paE  m-'2･secHi  PAR)  at  250C.
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Aotsm<svasopeRetugn'8rce.serrc

O.5

O.3

O,1

     o
        control  GB  DLH-1777  oxyfluerfen

             alone  (ropM) CrOLIM)

Fig.4  Effect of  500paM  gabaculine (GB: 3-
amino-2,3-dihydrobenzoic  acid}  on  the  activity

of  DLH-1777  and  oxvfluorfen  as  expresscd  by

amino  aeid  lea]{age from  cotyledons  ef  5-day-old

ctiolatecl  cucumber  seedlings.

Cotyledons  xvere  treatcd  with  the  herbicides for

16hr in the  dark  and  incubated  under  a  white

light (200 psE nr2･sechi  PAR}  at  28CC tor 6 hr.

Absorbance  ef  the  bathing solutien  "'as  re;],d  at

570 nm  (As7o). Bars  are  standard  errors.

spectrofluorometrically  examined.  At  an

emission  wavelength  of  633  nm,  the  excitation

spectrum  of  the  control  acetone  extract  had
a  major  peak of  protochlorophyllide (Pchld) at

about  438 nm  and  a  shoulder  at  about  405  nm

(Fig. 5B). By  contrast,  the samples  treated

with  DLH-1777  and  oxyfluorfen  fer 8hr  had

a  marked  peak at  about  405nm  (Fig. 5B>,

which  closely  matched  the fiuorescence spec-

trum  of  a  Proto  standard  (Fig. 5A>. Pchld

was  deteeted at  nearlv  the control  level in

treatments  with  both"DLII-1777  and  oxy-

fiuorfen. In the emission  spectra  (excitation
wavelength:  405 nm),  the levels of  accumula-

tion of  Proto in the cotyledons  treated with  the

herbicides markedly  increased with  time  (Fig.
6). The  effect  of  DL}I-1777 on  perphyrin
synthesis  was  the same  as  that observed  with

oxyfiuorfen,

  The  results  of  our  present study  indicate

that DLH-1777  has a  mode  of  action  con-

sistent  with  the recent  model,i3-i7)  and  that

the herbicidal property  of  light-dependent,

bleaching and  peroxidizing herbicides comes

from their  ability  te induce the accumulation

of  Proto, a  porphyrin, in treated plants. It is

bg"2,O:g\s･

.g 1,oueR-

        400  450  400  450

            IVavetengthofExcitatioitCnm)

Fig.  5 Fluorcsccncc  excitat{on  spectra  (emission
wavelength:  633nm)  of  pretoperphyrin  IX

(Proto) standard  (A) and  thc  extracts  of  etiolatcd

cucumber  cetyledons  (B).
Cotyledons  wcre  treated with  10pt･r  e'[ DLH-

1777  and  oxyfiuorfen  for 8 hr in thc daTlc and

extracted  with  acetone,tO.1  M  NH,OH  (911, vlv}.

-.d:ezoH8rt8

℃

tssktu,R

 I,Otsxsc

A
IB rc

ProteCe.lpM},

8hrs

8hrs

Ghrs

6hrs

]hrs 3hrs

n-tlttilft':t-t--.

."k.'(control)

"
6hrs

      620 640 620  640 620  640

             IVaveteitgthofEntissioti(nin)

Fig, 6 Fluorescence  cmisslon  spectra  (excitation
wa,velength:  405nm)  of  protoporphyrin IX

(Proto) standard  (A) and  the extracts  of  etiolated

cucumber  coty]edons  (B) und  (C).

Cotyledons  were  treated with  10"}･[ of  DLH-

1777  (B) and  oxyfluorfen  (C-} for 3, 6 and  8 hr ill

the dark  and  extractcd  wiLh  acctoncfO.IM

NH40H  (911, vlv},
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believed that Proto, under  light, induces  the
[ormation  of  singlet  oxygen,  which  strongly

oxidizes  membrane  lipids5:iO'i2) and  causes

rapid  bleaching by  triggeri)g oxidative  photo-
destruction oi  chloroplast  membranes  and

pigments.25,Z") Not  only  DPE  herbicides such
as  acifiuorfeni3'i7>  and  oxvfiuorfeni7,2T,ZS)  but
non-DPE  herbicides obse"rved  te act  in a

simiJar  fashion to DPEs  (heterocyclic 5-mem-
bered ring  compounds  such  as  oxadiazon,29)

chlorl)hthalim,i7,27,2S)  S-23142,30) and  TNPP-
ethyl3i'  and  the pyridine  derivative LS  82-
556i3' that relatively  resemble  DLH-l777  in
structure)  have been reported  to cause  high
]evels of  Proto accumulation  in the treated

plants. However,  common  structure-activity

relationships  between these diverse herbicide

groups  have not  been determined.

  Nicolaus  et al,28) have reported  that  photo-
sytithesis  inhibition by  diuron and  anaerobic

condition  by  nitrogen  atmosphere  reduced  the

production of  Proto  in Sceneclesmus caused  by

peroxidizing  herbicides, because  photosyn-
thesis  or  respiration  provided NADPH,  ATP
and  carbon  skeleton  necessary  for the buildup
of  Proto. Masuda  et al.32) have  said  that

Proto  accumulation  caused  bv  acifiuorfen-                            v

methyl  is due  to the  stimulation  of  5-amino-
levulinic acicl  synthcsis  induced  by  the  dc-
crease  of  heme  content  that  seems  to accelate

the accumulation  of  photosensitizing tetra-

pyrroles. In any  event,  Proto  is considered

responsible  for all or  major  part of  the p]']oto-
bleaching activity  of  acifluorfen  and  otlrer

related  photobleaching  and  peroxidizing her-
bicides.33)

  Recently Matringe et al,3`) have shown  that
acifiuorfen-methyl  strongly  inhibits proto-
porphyrinogen IX  oxidase  that catalyzes  the
transformation  of  protoporphyrinogen IX  to
Proto. They  have  also  suggested  that I'roto
accumulation  is caused  by  the  autooxidation

of  accumulated  protoporphyrinogen  IX.
Matringe  ei  uJ,"5)  haNTe reported  that this t>rpe
of  herbicidal mode  of  action  was  exerted  by
non-DPE  peroxidizing herbicides such  as

oxacliazon,  LS  82-556 and  M  esc B  39279.36' We
think  that DLH-1777  shares  the major  part
of  such  a  mechanism.

  More  detailed studies  on  conformatien  and

electrostatic  analysis  of  compounds  that have

M  4 
-"vilZnt

 2 4i 11 fi

the same  mechanism  seem  necessarv  to clefine
the activities  of  light-depenclent, ble"aching ancl

peroxidizing  herbicicles froin the viewpoint  of

structure.
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要 約

　新規 4一ピ 1丿 ドン ー3一力 ル ボ ン 酸 ア ミ ド系 除 草

　 剤，DLH −1777 の 作 用機構 ： 膜 脂質過酸化 活性

　 とポル フ ィ リ ン 類 の 生体 内蓄積

　　　　　　　　　　 森島靖雄，長 部広和，後藤幸久

　光要求性除草活性を有す る DLH −1777 の 作用機 構を ，

キ ュ ウ リ 子葉を用 い て 謂 べ た ．DLH ・1777 は ，　 oxyfiuor
−

fen と 同様に 10
μM 処 理 に よ っ て ，光 の 照射下 で 黄化 子

葉 か らの ア ミ ノ 酸 の 漏 出を 顕著に 増加 させ ，過酸化脂質

を 蓄積 した ．ま た 緑化子葉へ の 処 理 に よ っ て ，リーフ ・

デ nyス クか らの エ タ ン の 発 生 を誘 起 した ．した が っ て

DLH −1777 は ，膜脂質 の 過酸化 に よ っ て 生体膜 を 損傷さ

せ て い る こ とが 示唆され た ．一
方 ， ポ ル フ ィ リ ン 生 合成

阻 害剤 で あ る gabaculine は ，　 DLH −1777 や oxyfluorfen

の 黄化子葉か ら の ア ミ ノ 酸の 漏出活性 を低下 させ た が ，

除草剤 の み を処理 し た 子葉中 に は protoporphyrin 　IX の

異常蓄積が 認 め られ ， そ の 量 が経時的 に 増加す る こ とが

観 察 さ れ た ．以 上 の こ とか ら DLH −1777 は ，　 acifluorfen

R’　oxyfluorfen
， あ る い は oxadiazQn な ど の 光要求 性除

草剤 と共通 の 作川機構 を有 し て お り，植物体内 に 光増 感

過酸化物質 で あ る protoporphyrin　IX を 異常 に 蓄 積さ せ

る こ とに よ っ て ，一
連 の 膜脂質の 過 酸化反 応 を 誘起 し除

草活性を 発 現 す る もの と推察され た ．
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