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   Enzyme actiyity  of  protoporphyrinogen-IX oxidase  (Protox) prepared from 34 kinds of  plant sources,

containing  18 monocotyledons  and  l6 dicotyledons was  evaluated.  Protox(es) originated  in

monocotyledonous  plants such  as  Zea  niays  cv.  Anjou  and  DK212,  Lolium  perenne and  Poa annua

exhibited  high enzyme  activity,  and  Protox(es) in dicotyledonous plants such  as Agrostemma  githago and

Arabidopsis thaliana  showed  a  little higher enzyme  activity  than  that of  the above  monocotyledonous

piants. Highly active  Protox(es) obtained  from  Zea  tnays  cv.  Anjou, Lolium  perennq Agrostemma

githago and  Arabidopsis thatiana were  selected for the Protox inhibitory assuy  of peroxidizing herbicides.

Echinochloa utilis was  also  selected  for control,  Protox inhibition by six  peroxidizing herbicides such  as

oxyfluorfen,  chlorophthalim,  BW-91, pyraflufen-ethyl, DLH-1777 and  LS-82556 was  investigated using

highly active Protox from the above  monocotyledons  and  dicotyledons. As a resutt, six peroxidizing
herbicides exhibited  high inhibitory activity to Protox. Pyrafiufen-ethy! showed  the highest inhibition.
The  order  of  Protox inhibitory activity was  pyraflufen-ethyl>oxyfiuorfen>BW-91>chlorophthalim>
DLH-I777>LS-82556, in experiment  using  fbur Protox(es) such  as  Zea mays  cv.  Anjou. Echinochloa
utids, Agrostemma githago and  Arabidqpsis thaliana  except  Lotium  perenne. Oxyfiuorfen exhibited  the

highest inhibitory activity  to Protox of  Lotium perenne, On the other  hand, DLH-l777  showed  a ]ittle

less activity to Protox of  Zea mays  than  that  of  other  fbur weeds,  DLH-1777  may  become a  model

compound  to find out new  selective herbicide,s, Protox from  four weeds  will  be used  fbr peroxidizing
herbicides assay,  since the Protox showed  high sensitivity to structually different peroxidizers.

Ke), ivorcts:  protoporphyrinogen-IX oxidase  (Protox), enzyme

cides,  selectivity,

activity,  sensitivity,  peroxidizing herbi-

             INTRODUCTION

 So-called peroxidizing herbicides such  as oxyfluerfen

and  chlorophthalim  in the first generation and  miscella-

neQus  heterocycles such  as LS-82556 and  pyraflufen-
ethyl  (ET-751) in the second  generation primarily inhibit

the activity of  protoporphyrinogen-IX oxidase  (Protox,
EC  1.3.3,4), which  catalyzes  oxidation  of  protoporphy-
rinogen-IX  (Protogen) to protoporphyrin-IX (Proto-IX)
in chlorophyll  biosynthesis.'-`) This inhibition is ac-

cempanied  with  an  abnorrnal  accumulation  of  Proto-IX
or a derivative thereoC which  acts as a photosensitizer in
the light leading to destruction of  cellular  components

*
 To  whom  correspondence  should  be addressed,

with  peroxidative ethane  fbrmation,5) This is an  over-

view  on  herbicidal principle of  the peroxidizing herbi-

cides. Determination of  the Protox inhibition of  com-

pounds tested has priority against  other  screening  tests

for the peroxidizing phytotoxicities, to find out  the better

peToxidizers, Although the  potency of  peroxidizing
phytotoxicity may  be predicted by the  Protox inhibition

caused  by the compounds,  the  Protox prepared  from Zea

mays  cy. Aajou has been usually  used  for the Protex
assay  until  now.  Therefore the herbicidal selectivity of

the compounds  tested can  not  be discussed. In this

papeT, both enzyme  activity  of  Protox(es) prepared from
34 kinds ofplant  sources  including usefu1  plants and  the

Protox inhibition by structurally  different six kinds of

peroxidizing herbicides (Fig. 1) are  discussed, and
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structures  of  Protox inhibitors tested.

furthermore, the sensitivity  to these herbicides is compar-
ed  to find out  the more  suitable  and  available  Protox,
resulting  in more  convenient  assay  system  of  Protox
inhibitory activity.

        MATERIALS  AND  METHODS

I. Chemicals

 Oxyfiuorfen (2-chloro-4-trifluoromethylphenyl- 3'-
ethoxy-4'-nitrophenyl  ether)  was  prepared from 3,4-

dichlorobenzotrifiuoride and  3-ethoxy-4-nitrophenol

according  to Yih and  Swithenbank.6] BW-91 {4-(4-
chlorobenzyloxyphenyl)-1,2-tetramethylene-3-oxo-1,2,4-

triazolidine-5-thione} was  synthesized  by the intramol-
ecular  condensation  of  Ethyl 2-{4-(4-chlorobenzyloxy)

phenylthiocarbamoyl}hexahydopyridazinecarboxylate,')
Other four peroxidizing herbicides; chlorophthalim  (N-
(4-chlorophenyl)-3,4,5,6-tetrahydrophthalimide),
pyrafiufen-ethyl (ethyl 2-chloro-5-(4-chloro-5-difiuoro-

methoxy-1-methylpyrazol-3-yl)-4-fiuorophenoxyacetate),

LS-825S6  (2,6-dimethyl-N-(a-methylbenzyl)-
3-propionyl-5-pyridinecarboxamide) and  DLH-1777  (3-
bromo-N-(2,6-diethylphenyl)-l,2-dimethyl-6-propyl-4-

pyridone-5-carboxamide)  were  kindly supplied  by Mit-

subishi  Chemical lndustries Ltd. (Yokohama, Japan),
Nippon Nohyaku Co., Ltd (Osaka, Japan), Rhdne-
Poulane Agrochimie (France) and  Dicel Co. Ltd.

(Osaka, Japan), respectively,

2. Seects

 Seeds of  Allium jistulosum, Brassica pekinensis Bras-
sica  rapa,  G4ycine max,  Raphanus  sativus  and  Vigna
radiata  were  purchased from Tohoku  Co., Utsunomiya,
Japan, Seeds of  four varieties  ofcorn  and  other  seeds

used  in this study  were  kindly pTovided by Yukijirushi-
Shubyou Co., Tokye  and  Herbiseed Co,, England,
respectively.

3, Determination c!f- Enayme  Activity

  Activity of  Protox prepared from four varieties ofcorn

(Zea mays  cv, Anjou  (ZmA), DK212,  DK652  and

LG2205)  was  determined according  to our  methods,S-'i)

Enzyme  activity  of  other  30 plants, 14 monocotyledons

and  16 dicotyledons (see Table$  1 and  2), was  assayed  by

the foilowing procedure; (1) the seeds  were  germinated
on  filter paper in the dark at 300C fbr 5-21 days indicated
in Tables 1 and  2, e,g. fbr 7 days fbr Lolium perenne
(Lop) and  Echinochloa utilis (Ecu), fbr 6 days for
Agrostemma  githago (Agg), fbr 10 days for Arabidopsis
thafiana  (Art). (2) The seedlings  were  harvested after

exposure  to light (300 "Einstein(E)fm2s)  fbr 2 to 20 hr,
Light-exposing time of  each  plant should  be adjusted  to

the most  suitable  time, depending upon  greening capacity
of  each  etioplast  to obtain  the maximum  enzyrne  activity

of  each  Protox from plant species  in Tables l and  2.
For example,  in the  case  of  Lolium perenne, when  the

light-exposing time  (O, 5, 10, 15, 20 and  25hr) was

changed  from O to 25 hr, the maximum  enzyrne  activity

was  obseTved  after 20 hr as shown  in Fig, 2, (3) After
homogenizing the seedlings  in the 5-10 times amount  of

O.05 M  of  Tris-HCI (pH7.3) containing  O.5 M  of  gucrose,

1 mM  of  MgC12, 1 mM  of  EDTA  and  O.2% of  bovine

serum  albumin  (wlv), the filtrate obtained  by filtration of

the mixture  was  centrifuged  for 2 min  at 800Xg  to

remove  cell debris, The  supernatant  was  again

centrifuged  for 5 min  at 17,OOO× g. The pellet obtained
was  used  as crude  Protox for the following experiments.
Protein content  of  the crude  Protox preparation was

deterrnined by the method  of  Lowry  using  bovine serum
albumin  as  the standard.  (4) Protogen was  prepared by
reduction  of  Proto-IX with  sodium  amalgam  under  a

nitrogen  atmosphere  in the dark. (5) Enzyme activity
was  determined using  a 3 ml  of  assay  solution  containing

O.1M  of  Tris-HCI (pH7.5), 1 mM  of  EDTA,  5mM  of



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  ofJapan

20 Hlpteees\fttpm±
 eg 25 tsrg  1e  

ilZrk
 12 eP 2 fi

Table1 Enzyme  activities  of  Protox from various  monocotyledons.

Plant

Germination

(day)

Light exposure
   time

   (hr)

Protein Enzyme  activity

nmol  Proto-IX

(mg!ml)mg  Protein.hr

Aegilqps cyfindriea
Agrostis tenuis

A  vena  sterilis

Bromus  diandrus
Bromus  secalinaus

Echinochtoa crus-galn
Echinoehloa utids

Flestuea rubra
Lofium perenne
Lofium temulentum

Panicum mihacium

Poa annua

Setaria glauea

(goatgrass)'
(browqtop)
(sterile oat)

(greatbromegrass)
(cheat)(barnyard

 grass)
"apanese barnvard millei)

(red fescue)
(perennial ryegrass)

(darnal ryegrass)
(common mMet)
(annual bluegrass)

(yellow foxtail)

1415767lr7127810710471716744720165731115718281415128114127O,61,71,8O,6O,43,46.33,49,17,91.69,7O,5

A"iuni )lstulosum
Zea mays  cv.  Anjou
Zea  mays  cv. DK212
Zea mays  cv.  DK652

Zea mays  cv.  LG2205

(weLsh onion)

(corn)(corn)(corn)(corn)
67777 62222 733373640 3,912104.87.8

'Common
 name  in parentheses.

Table 2Enzyme  activities  of  Protox from various  dicotyledons.

Plant
Gerrninatjon

(day)

Light exposure
   time

   (hr)

ProteinEnzyme  activity

nmol  Proto-IX

Cmg!ml)mg  Protein.hr

Abutilbn theophrasti

Agrostemma  githago
Ambrosia artemisiij?)lia

Arabidopsis thallana
Cassia tora

ipomoea hederacea
lpomoea purpurea
Pueraria lobata
Sesbania exaltata
Sinapis atha

Xanthium  strumarium

(velvet leaO'

(corn cockle)
(common ragweed)
(thale cress)

(low senna)
(ivyleafmorningglory)
(tall morningglory)

(kudzu vine)
(coffbe bean)

(white mustard)
(common cocklebur)

146710157721107152.544466.574295 193L247621152212231512155.312O.3O.1O.72.02.74.2O.8

Brassica pekinensis
Brassica rapa

Glycine max

Rqphanus  sativus

Vigna  radiata

<chinese cabbage)

(turnip)(soybean)

<radish)(rnung
 bean)

1451357 44543 9932223 3.92.81.33.72,2

'Common
 name  in parentheses.

dithiothreitol (DTT), O.03% of  Tween  80 (w/v), O.3-O.6
mg  of  the crude  Protox and  2-5#M  of  Protogen, The
amount  of  Proto-IX formed for 5 min  was  determined by
a  Hitachi F  2000  fluorescence spectrophotometer  with  a

thermostated  cell holder, using  an  excitation  and  emis-

sion  wavelength  of  405 and  633 nm,  respectively.  The

rate  of  non  enzymatic  oxidation  of  Protogen, which  was

determined by the experiment  using  inactive Protox by

heat-denaturation and/or  sonication,  was  subtracted

from the enzyme  activity  measured.  Therefore, Protox
activity  was  calculated  as the specific  activity  (nmol
Proto-IXImg protein･hr),

41 Protox  Inhthitou, Activity by Peroxidizing Herbi-
   cides

 Protox inhibitory activity  by peroxidizing herbicides
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was  assayed  according  to the fbllowing procedure; After
adding  each  compound  to a final assay  volume  of3ml

containing  O.1 M  of  Tris-HCI (pH7.S), 1 mM  of  EDTA.  5
mM  of  dithiothreitol (DTT), O,03% of  Tween  80 (wlv).
O,3-O,6 mg  of  the crude  Protox and  2-5 "M  of  Protogen.

the amount  of  Proto-IX formed was  measured  in the
same  manner  mentioned  in 3. The  moler  Iso (Protox)-
values  were  determined by reciprocal  plots of

protoporphyrin-IX  formation (in percent of  control)  vs,

inhibitior concentTation  (Dixon plot). The  plse
(Protox)-values were  calculated  from the  equat]on;  plso
(Protox) =  

-log
 Iso (Protox).

          RESULTS  AND  DISCUSSION

  Both eniyme  activity  ofProtox  extracted  frem 34 kinds
of  plant sources,  18 monocotyledons  and  16 dicotyle-

dons, and  Protox inhibition by peroxidizing herbicides

were  investigatecl to find out  the more  suitable  Protox
sources  usefu1  for more  convenient  assay  system  to find
out  much  more  active  and  selective  peroxtdLzing herbi-
cides  (Tables 1 and  2). To obtain  enzymatically  more

active  Protox preparation from etioplasts,  rclationship

between enzyme  activity  and  light-exposing time for

greening was  examined  using  each  etioplast. As  shown

in Fig. 2, both enzyme  activity  and  chlorophyll  content

in the case  of  crude  Protox obtained  from, for example,
Lolium perenne were  negligible  in the dark (O hr expo-
sure). Maximum  enzyme  activity  w'as  ebserved  after 20

hr exposure  to light, although  chlorophyll  content  was

still increasing after 25 hr, The greening step  may  be

released  by the exposure  to light, accompanying  a little

delay of  chlorophyll  increase.

1. Enayme  Activity of Protox Prepared from Etio-
   plasts
  Enzyme  activity  of  Protox(es) originated  {n 18 mono-

cotyledons  and  16 dicotyledons is shown  in Tables 1 and
2. Protox(es) ofmonocotyledonous  plants, such  as Zea

mays  cv, Anjou and  DK2I2,  Lolium perenne and  Poa

annua  exhibited  high specific  activity  of  12, IO, 9,1 and

9.7nmol  Proto IX/mg  protein･hr, respectively.

Furthermore, Protox(es) in d]eotyledonous plants, sucb

as  Agrostemma  githago and  Arabidopsis thafiana

showed  a  little higher enzyme  activity  than  that of  the

above  monocotyledoneus  plants, Based on  these

results, four kinds of  Protox(es) extracted  from Zea

mays  cv. Anjou, Lolium perenne, Agrostenima githago
and  Arabidopsis thaliana were  selected  for the Protox
inhibitory assay  of  peroxidizing herbicides, because of
their hjgh enzyme  activity. Additionally, the etioplast

from Echinochloa utitis,  which  was  one  of  hazardous

grasses to be controlled,  was  also  selected  for Protox

inhibitory assay  though  its enzyme  activity  was  not  so

high.

2, Pretox Inhthition by Dij72]rent Peroxidizing Herbi-

   cides

  Six peroxidizing herbicides for Protox inhibitory assay

were  selected, oxyfluorfen  as diphenylethers, chlorophth-

alim  and  BW-91 as cyclic  imides, pyraflufen-ethyl as five

membered  heterocycles, and  LS-82556 and  DLH-1777  as

noncyclic  imides, respectively,  Using these more  active

Protox(es), more  precise plse-values were  expected  to be

obtained.  As shown  in  Table 3, the order  of  Protox

inhibitory activity  by compounds  tested was  pyrafiufen-
ethyl>oxyfluorfen>BW-91>chlorophthalim>DLH-

1777>LS-82556; especially  pyraflufen-ethyl exhibited

the  highest pl,o value  of  more  than 8.30 except  fbr
Protox(Lop), The  strong  Protox-inhibitors, i.e.

oxyfiuorfen,  chLorophthalim,  pyrafiufen-ethyl and  BW-

91, exhibiting  ca, plso =7-9  agamst  Protox(es), are  rather

non-selective  against  both mono-  and  di-cotyledonous

plants, However  the weak  Protox-inhibiter, i,e, DLH-
I777, appears  to be less active  to monocotyledons  only

Protox(ZmA), Against Protox<Lop) the order  of  inhi-

bition by the compounds  was  oxyfluorfen>pyraflufen-

Fig, 2
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Table　3　Protox　inhibition（pls。　 values ）by　six　peroxidizing　herbicides．

Plant （）xyfluorfenChlorophthalim 　 LS −82556　 Pyraflufen−ethylBW −91DHL −1777

Monocotyledons

　Zea　〃lays 　cv ．　Anjou
　 Ec ノ｝inochioa　utilis

　ム0〜ium　perenne

8．718
．278
．55

7，607
．047
．07

5．255
，435
．55

9，008948

．28

8．307
．227
．15

5．856
．626
．93

Dicotyledons

　オgro5置θ〃 lma 　githagO

　AraわidopstS　thaliana

」
碍

78588

55凸
ソ

577

421355 −

』τ
170／

8

0／
50488

200’
5106

ethy1 ＞ BW −91＞ chlorophthalim ＞ DLH −1777 ＞ LS −

82556．　DLH −1777　and 　LS−82556　were 　again 　less　active

inhibitors　 against 　the 　Protox（Lop）．　Oxy伺uorf ヒn　 was

more 　active 　to　Protox（Lop）than　pyrafiufen−ethyl ，　but　a
difference　 of 　the　 sensitivity　between　oxyfluorfen 　and

pyraflufen−ethyl　was 　very 　small ，　showing 　only 　ca ．　two

times．　 DLH −1777　was 　 less　 active 　 to　Protox（ZmA ），

because　it　exhibited 　more 　than　ten −times　stronger　inhibi−

tory　 activity　 against 　 Protox（es ）from　 mono − and 　 di・

cotylidonous 　weeds 　 than　Protox（ZmA ），　 The　com −

pound　BW −91　being　strong 　inhibitor　f（〕r　Protoxes（ZmA ，

Agg 　and 　Art）was 　about 　one 　tenth　a　less　active 　inhibitor
against 　Protoxes（Ecu　and 　Lop）which 　are 　monocotyle −

dons．　 This 飴ct　 clearly 　 indicates　 that　 BW −91　 has　 a

possibility　tg　be　a 　more 　active 　herbicide　against 　dicotyle−

dons　weeds ．　In　any 　case ，　such 　different　activity　is　rather
very 　smal1 ，　so 　further　study 重s　neccessary 　to　find　out 　morc

sel  tive　compounds ，

　Since　DLH −1777　was 　less　active 　to　Zea 〃laア∫ and 　10
times　more 　active　to　f｛）ur 　weeds

，
　this　compound 　should

be　noted 　regarding 　the　difference　of　tho　sensitivity

between　crops 　and 　weeds （sec 　Table　3）．　This　di幵’

erence

of　the　activity 　in　Protox　inhib1tory　assay 　is　not 　always

the 　case 　in　plant　phytotoxicity．　Such　difference　ofactiv −

ity　of 　the　compounds 　against 　plants　is　neccssary 　to　smdy

furthermore，　to　design　the　more 　selective　herbicidal　com −

pounds．　 Since　Protoxes　extracted 　from　Lolium　perenne，
Echinochloa　utilis，　Agrostem〃 la 　9’読αgo　and ．4　rabidopsis
thaliana　exhibited 　a　high　sensitivity 　to　various 　pcroxidiz−

ing　herbicides，　these　can 　be　used 　to　assay 　peroxidizing
herbicides，
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要 約

　各種 植物 か ら抽 出 した プ ロ トポル フ ィ リ ノーゲ

　　ンーIX オキシ ダーゼ の 酵素活性 ：peroxidizing除草

　剤に対 する感受性

　　　　　　　　　　　　　　　　石 田静香，Roswitha　Miller−Sulger

　　　　　　　　　　　　　　　　河 野　均，Peter　B6ger，若林　攻

　有用 植物を含む 18種 の 単子葉と 16種 の 双子葉植物合 わ

せ て 34種 の 植 物 か ら protoporphyrinogen　 IX　 oxidase

（Protox）を抽出した，　Zea 　mays 　cv 　Anjou ，　DK212 ，　 Lotium

perenneや Poa　 annua な ど の 単子 葉植物か ら抽出 した

Protoxが ， 中で も高い 酵素活性 を示 した．また 双子葉植物

の 中で は Agrostemma　githago と．4rabidopsis　thaliana か ら

抽出した Protoxがさらに高 い 酵素活性 を示 した．そ こ で こ

れ ら高い 酵素活性を有する Protoxの 中か ら Zea　 mays 　cv ，

Anjou，　 Loiium　 perenne，　 Agrostetnma　 githagoお よ び

Arabidopsis　thaliana か ら抽出した Protoxを選 び，　 peroxid一
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izing除草剤 に よ る Protox 阻害活性試験 に使用 した．また

雑 草 の ノ ビ エ に 近 い EchinochlOα utilisか ら得 られ た

Protox も併せ て使用 した．

　Protox 阻害活 1生試験 に は
， 全 く化学構造が 異な る 6種 の

peroxidizing除草剤 （oxyfluorfen ，　 chlorophthalim
，　 BW −91

，

pyraflufen−ethyl ，
　 DHL −1777，　 LS −82556）を用 い た ．その 結

果 い ずれの 化合物 もこ れ らの Protox に対して 強 い 阻害活

性 を示 し，中で もpyraflufen−ethyl が 最も強 い 活性 を示 し

た．こ れらの 化合物の Protox阻害活性 は Loiium　perenne

を 除 く 4 種 の 植 物 か ら 抽 出 し た Protoxに 対 し て

pyraflufen−ethyl ＞ oxyfiuorfen ＞ BW −91＞ chlorophthalim ＞

DHL −1777＞ LS −82556 の 順 iこ活性 が 強 く，Lolium　perenne

由来の Protoxに 対 しては oxyfluorfen が最も強 か っ た．一

方 DHL −1777は Zea　 mays 以外の 4 種 の 植物 に 比 べ Zea

mays 由来の Protoxに 対する活性が 低 い こ とか ら，　 Zea

mays に 対 して 選択性を示 す新しい peroxidizing除草剤 を

分子設計する 上 で有効 な リ
ー

ド化合物 と成 り得る可能性が

あ る と 考 え ら れ る．こ れ ら強 い 酵素 活性 を示 す4 種

（Echinochtoa　utilis
，
　 Loiium　perenne，　 Agrostemtna　githago，

Arabidopsis　thatiana ）の Protoxは， 構造 が全 く異な る 6 種

類の peroxidizing除草剤 に 対 して 極め て高い 感受性 を示す

こ とか ら， 新 しい peroxidizlng除草剤探索の た め の Protox

阻害活性試験系 に有効 に 利用 で きる もの で あ る．
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