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Action Mechanism of $-23142 on the PPIX Biosynthesis

System of Spinacia oleracea L. Chloroplast
Kim, T.J.*, J.S. Kim*, K.Y. Cho* and S. Yoshida**

ABSTRACT

The effects of S-23142{N- (4-chloro-2-fluoro-5-propargyloxyphenyl)-3, 4, 5, 6-tetrahydroph-
talimide}, on protoporphyrin IX (PPIX) biosynthesis in Spinacia oleracea L . leaf in vivo and in vitro
condition were investigated by reversed-phase HPLC with fluorescence detector. The stroma and the
membrane fraction of spinach chloroplast were isolated by osmotic regulation. The conversion of ¢
-aminolevulinic acid(ALA) to PPIX occured more in the stroma than in the membrane fraction. It
suggested that the enzymes that catalyse PPIX biosynthesis from ALA were localized in the stroma,
Also, the synthesized PPIX content from ALA was completely inhibited by 10-8M of $-23412 or 107
M of acifluorfen in the stroma but not in the membrane fractions. Therefore, these results suggested that
the target site of $-23142 and acifluorfen may exist in the stroma fraction of spinach chloroplast,

Key words . Mode of action, $-23142, acifluorfen, protoporphyrin IX(PPIX), &-aminolevulinic
acid (ALA), intact chloroplast, stroma and membrane fraction,
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Fig. 1. Structure of acifluorfen and S$-23142
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Fig. 2. HPLC profiles of protoporphyrine IX (PPIX) synthesized by in vivo and in vitro condition. PPIX
from the reaction mixture was separated by reversed phase HPLC as described in Materials &

Method : detection was by fluorescence (excitation ; 410nm, emission ; 630nm) . This experiment
conducted by several times was shown similar results.
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Table 1. Effects of S-23142 and acifluorfen on the
biosynthesis of protoporphyrin IX in
intact leaf (in vivo) and intact chloroplast
(in vitro) of spinach.

In vivo® In vitro

Treatment Intact Intact
plant chloroplast

Co. I[®(-ALA) 0.0(0)® 0.0 (0
Co. Il (+ALA) 101.8(100) 51.6(100)
S$-23142 10-"M  142.2(140) 8.3 (16)
Acifluorfen 10-"M — 46.0 (89)

10-°M  253.3(249) -

® Details about assay condition were written in

Materials and Methods,

b Assays were conducted by reaction mixture with
and without #-aminolevulinic acid which is one
of the substrates of chlorophyll biosynthesis path-
way (with ; Co. I, without ; Co.II).

© Denote % of control at each assay condition,
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Table 2. Synthesized PPIX contents by $-23142 and acifulorfen treatment in vitro with the each part of

spinach chloroplast.

Assay parts(in vitro)®

Treatment (M)

Membrane Stroma Intact Chl.
Co(+ALA) 5.5 (100)® 128.3 (100) 129.8 (100)
S-23142 107 0.0 (0 66.1 (52) 85.9 (66)

1078 2.9 (53) - -

10-° 4.8 (87) - -

Acifluorfen 10-¢ 0.0 (0 - -

10-7 2.4 (44) - -

10-8 4.5 (82) - -

® Detailed in Materials and Methods.
v Denote % of control at each part of chloroplast.
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Table 3. Effect of S-23142 on synthesized PPIX
content in each part of stroma isolated by
ultracentrifugation .

Assay parts®

Treatment
Supernatant Pellet
Co. 1" (-ALA) 0 0
Co. 1l (+ALA) 23.6(100) 5.6(100)
S-23142 10" 8.3 (35) 0.5 (9

") See Materials and Methods.

® Assays were conducted by reaction mixture with
and without §-aminolevulinic acid which is the
main substrate of chlorophyll biosynthesis
(with ; Co. I, without ; Co.Il).

@ Denote % of control at each assay part,
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Fig. 3. Comparisions on the inhibition of conver-

sion to PPIX from ALA by various con-
centration S-23142 treatments in the
stroma and the intact chloroplast of spin-
ach leaf. Synthesized PPIX contents after
reaction in the ALA medium were separat-
ed by reversed-phase HPLC attached fluo-
rescence detector as described in Materials
and Methods, This experiment conducted
several times was shown similar result,
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Fig. 4. Dose-inhibition curve of PPIX biosynth-
esis derived from ALA in various concen-
tration treatments of acifluorfen and S
-23142 in the stroma fraction. Stroma
from intact chloroplast of spinach leaf was
separated by osmotic regulation ; See
Materials and Methods. This experiment
conducted several times was shown similar
result,

o 10-"M<) HbH $-231429] H$o) i oF 10-°M
24] §-231427} 1008 A% 743 uk-g-S vhehy
AL ole F AxA FAAEY jole} Po
73%E Ho §-23142 ¢ acifluorfend] zhg-ge
Tttt £ 29 AAE 08 AR Fct.

olael A¥oer, ALAS 7]|AZ 3o PPIX
Aol AHD AFEEY inviroAH S 93
Ae 2948 o)A stroma®-Fo) g 5 ¢
o) gl 2, $-234129} acifluorfen-& %< st A
PPIXe] AL A8l on stromakg el A
3 AAAE7}E s delvt 239 E =24
o] stromad A2 AE ). B3 g24
AP E ALAS 714= 2 PPIX A
AA7E stromasll  ExjciE BAYRY Ass
Smith®} Rebeiz §12¢] M=z  odx]zlgort
Jacobs %] AFg wiel ze] ciE HE
A7 g o] QB g, o tigt FAA HEr}
Hedy Hleg Aztgct

q g

In vitro 271 <) A protoporphyrin IX (PPIX)
Aol vlH e A XA S-23142¢} acifluorfens)
WL dotrmal AFH YoM EA
stroma®} membraneg ¥}, E&syw FBA2

717F A2s A4HPLCE o)43le AP4=

PPIX #a-& A% Axne g3 et

1. PPIX9] 43Ade] olFoiAlE B9+ &4
el stroma¥-dolgz o EF ALA(S
-aminolevulinic acid)o] 93 Hul-gALEolg}
.

2. PPIX®]  AgAdel B invirod @2
stroma®-3 g o] g5 7o) 7 AgH 4
c}.

3. In vitroA)ol| A §-23142¢} acifluorfene U
3tAl PPIXS| AgAdE odAsiges, o 2
A8 FEANY stromad Ao ity
s,

ol 8

o

8

Mo

1. Derrick. P.M,, A'H, Cobb and K.E.
Pallett, 1988. Ultrastructual effects of the
diphenylether herbicide acifluorfen and the
experimental herbicide M & B 39297 . Pestic,
Biochem. Physiol, 32: 153-163.

2. Jacobs, J.M.,, N.J.
Protoporphyrinogen oxidation,

1984,
an en-

Jacobs.

zymatic step in heam and chlorophyll synthe-
sis . partial characterization of the reaction
in plant organelles and comparison with
mammlian and bacterial system. Arch. Bio-
chem. Biophys. 229 : 312-319.

3. Kouji, H., T, Masuda and S. Matsunaka.
1989. Action mechanism of diphenylether
herbicide : stimulation of §-aminolevulinic
acid-synthesizing system acitivities. Pestic,
Biochem. Physiol. 33 230-238.

4. Lee, H.J., M.D, Ball, and C_A. Rebeiz,
1991,
enzymes that convert §-aminolevulinic acid

Intraplastidic localization of the

to protoporphyrin 1X in etiolated cucumber
cotyledons. Plant Physiol. 96 : 910-915,

5. Lee, H.J., M.D, Ball, R, Parham, and
C.A. Rebeiz. 1992, Chloroplast Biogenesis
65. Enzymic conversion of protoporphyrin
IX to Mg-protoporphyrin IX in a subplas-

_6._



tidic membrane fraction of cucumber etioch-
loroplasts. Plant Physiol. 99 : 1134-1140.

. Matringe, M., D. Clair and R, Scalla.
1990, Effects of peroxidizing herbicides on
protoporphyrin IX levels in nonchlorophyl-
lous soybean cell culture. Pestic. Biochem.
Physiol. 36 : 300-307.

. Matringe, M. and R. Scalla. 1988. Studies
on the mode of action of acifluorfen-methyl
in nonchlorophyllous soybean cell ; accu-
mulation of tetraphyrroles. Plant Physiol.
86:619-622.

. Mayasich, J. M., U.B. Nandihali, R A -
Liebl and C. A Rebeiz. 1990, The primary-
mode of action of acifluorfen-Na in intact-

seedlings is not via tetrapyrrole accumula-

tion during the first dark period following

treatment. Pestic. Biochem. Physiol, 36: .

259-268.

. Nasri, F., C. Huault, A P. Balange.
1988, §-Aminolevulinate dehydratase activ-
ity in thylacoid-related structures of etioch-
loroplacts from radish cotyledons. Phyto-
chemistry 27 : 1289-1295.

10,

12.

Sato, R, H. Oshino, K.
Kamoshita and M. Furuya. 1987, Wave-
the action of a N

E. Nagao,

length effect on
-phenylamide S-23142 and diphenylether
acifluorfen-ethyl in cotyledons of cucumber

(Cucumis sativus L.} seedlings. Plant
Physiol. 85 146-1150.

. Sato, R., H. Oshino, H. Koike, Y.
Inoue, S. Yoshida and N. Takahashi.

1991 . Specific binding of protoporphyrin I1X
to a membrane-bound 63 kilodalton polype-
ptide in cucumber cotyledons treated with
diphenyl ether-type herbicides. Plant
Physiol. 96 : 432-437.

Smith, B.B., C.A. Rebeiz. 1979. Chloro-
plast Biogenesis XXIV . Intrachloroplastidic
localization of the biosynthesis and accumu-
lation of protoporphyrin IX, magnesium
protoporphyrin monoester and longer wave-
length metalloporphyrins during greening.
Plant Physiol, 63 227-231,

. Witkowski, D. A and B.P. Halling. 1989

Inhibition of plant protoporphyrinogen
oxidase by the herbicide acifluorfen-methyl.

Plant Physiol. 90 : 1239-1242.



