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Summary

The herbicide clomeprop [2-(2,4-dichloro-m-tolyloxy) propionanilide] selectivity controls
many species of annual broad-leaf and certain perennial weeds such as Eleocharis acicularis (L.)
Roem. et Schult. var. longiseta Sven. and Scirpus hotarui Ohwi in rice paddies. Clomeprop exhibits
phytotoxicity through auxin-like effects similar to other auxin-type herbicides. In plant cells,
clomeprop is hydrolyzed at the acylamide bond by arylacylamidase to form its acid metabolite
DMPA [2-(2,4-dichloro-m-tolyloxy) propionic acid]. DMPA has stronger auxinic activity than
clomeprop. However, detailed mechanisms for clomeprop-induced injury are not understood. The
objectives of this study were to clarify the detailed mode of action of clomeprop and to contribute
to the development of new herbicide.

1. Auxinic Activity of Clomeprop and Its Hydrolytic Metabolite and Their Binding to Maize
Auxin-Binding Protein

Clomeprop is classified as an auxin-type herbicide and was reported to be hydrolyzed to DMPA
in plants. The auxinic activity of clomeprop was compared with DMPA and several plant hormones
to investigate whether clomeprop itself exhibited auxinic activity. The results were as follows: (1)
In all the auxinic activity tests performed - maize coleoptile elongation, mung bean slit and
ethylene production- clomeprop exhibited lower auxinic activity than its metabolite DMPA. (2)
DMPA showed higher inhibitory activity on maize and mung bean growth than clomeprop. (3)
DMPA bound with the putative maize membrane-bound auxin receptor, while clomeprop did not.
It can thus be concluded that clomeprop has no auxinic activity and that the metabolite DMPA is
the active compound in auxinic action.

2 . Involvement of Ethylene in Clomeprop-Induced Action in Radish Seedlings

Whether ethylene is involved in morphological changes due to clomeprop was examined.
Aminooxyacetic acid (AOA), a l-aminocyclopropane-1-carboxylic acid (ACC) synthase in-
hibitor, arrested clomeprop- or DMPA-induced morphological changes in radish seedlings, such as
leaf curling and epinasty, to some extent. These morphological changes were considerably reduced
when 2,5-norbornadiene (NBD), a competitive ethylene binding inhibitor, was applied after
clomeprop or DMPA treatment. Ethephon (2-chloroethylphosphonic acid), an ethylene releasing
agent, inhibited elongation of the first leaves. The enhancement of ethylene evolution by clomeprop
occurred later than that by DMPA. ACC synthase, which converts S-adenosylmethionine (SAM)
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to the ethylene precursor ACC, was activated by clomeprop and DMPA; however, ACC oxidase,
the enzyme that converts ACC to ethylene, was not activated by either substance. These results
suggest that clomeprop is hydrolyzed to DMPA and then promotes ethylene production by activat-
ing ACC synthase. Accumulated ethylene might be responsible for clomeprop induced mor-
phological changes in radish seedlings.

3 . Mechanism of Hormonal Actions Induced by Clomeprop Applied to Roots of Radish Seedlings

Morphological changes, ethylene production, and activation of ACC synthase and ACC oxidase
in the leaves of radish seedlings by clomeprop and DMPA applied to the roots were investigated.
The results were compared with data from the application to shoots. In root application, clome-
prop induced less leaf angle increase than in shoot application. Root-applied clomeprop stimulated
ACC synthase activity and ethylene production; however, they were much lower than in shoot
application. In contrast, root-applied DMPA, which is assumed to be an auxinic active compound,
induced marked leaf curling and leaf angle increase. Furthermore, root-applied DMPA rapidly
activated ACC synthase and ethylene production. The amount of ethylene production was closely
related to the degree of morphological change. Therefore, the morphological changes induced by
root-applied clomeprop or DMPA are believed to be caused by ethylene; which is increased by
DMPA-induced ACC synthase in shoots.

4 . Ethylene Action Inhibitors Suppressed DMPA-Induced Electrolyte Leakage from Radish Roots

The involvement of ethylene was investigated in the physiological mechanism of clomeprop- or
DMPA-induced electrolyte leakage from radish roots. The application of DMPA to radish roots
caused an increase in electrolyte leakage from the roots, suppression of root growth and stimula-
tion of ethylene production. Although ethylene action inhibitors 2,5-norbornadiene (NBD) and cis-
propenylphosphonic acid (PPOH) did not suppress ethylene evolution from the DMPA-treated
radish roots during the first 24hrs, these compounds suppressed electrolyte leakage and to some
extent restored the growth of lateral roots. Evan’s blue dye test revealed that death of root cells
occurred 12hr after DMPA treatment. This indicated that the increase in electrolyte leakage
preceded the death of the root cells. These results suggest that the ethylene induced by DMPA is
attributable to the leakage of electrolyte from the radish roots.

5 . Involvement of Active Oxygen in DMPA-Induced Electrolyte Leakage from Radish Roots

The involvement of active oxygen was investigated in DMPA-induced electrolyte leakage from
radish roots. The treatment of radish roots with DMPA caused an increase in electrolyte leakage
from the roots and suppression of root growth. Some scavengers of active oxygen reduced the
DMPA-induced ion leakage. In particular, singlet oxygen quenchers 1,4-diazabicyclo-[2,2,2]
octane (dabco) and L-histidine significantly suppressed the leakage and restored the growth of
lateral roots. Pre-treatment of roots with free radical quenchers or singlet oxygen scavengers had
no effect on DMPA-induced ethylene production. The application of free radical quenchers or
singlet oxygen scavengers suppressed the DMPA-enhanced peroxidation of lipids in radish roots to
some extent. These results suggest that the presence of active oxygen species is also attributable
to DMPA-induced electrolyte leakage.

Based on the above results, I propose the following mechanism for clomeprop-induced injury: At
first, clomeprop is hydrolyzed to DMPA in plants which then binds to auxin-binding proteins.
Clomeprop itself may not be an auxinic active compound. Some auxin receptors may recognize
clomeprop as an auxin only after it is hydrolyzed to DMPA. DMPA stimulates ethylene biosynth-
esis by inducing ACC synthase synthesis. The accumulated ethylene causes clomeprop-induced
morphological changes, such as leaf curling and epinasty, and electrolyte leakage from radish
roots. The destruction of membrane permeability in radish roots may result in inhibition of the
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growth of lateral roots. Furthermore, active oxygen species, particularly singlet oxygen, may be
involved in DMPA-induced electrolyte leakage from radish roots. Independent of the ethylene
biosynthesis pathway, active oxygen species may be directly involved in the electrolyte leakage.
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ABA
ABP
ACC
AOA
AVG
BSA
cDNA
2,4-D
Dabco
DMPA
DMSO
dNTP
DTT
EDTA
EtBr
ETH (Ethephon)
FW
FID-GC
Hepes
HO -
IAA
MCPA
MCPP
MDA
mRNA
NAA
NBD
Oligo (dT)
102
PCIB
PLP
PMSF
PPOH
SAM
SDS
Spermine
SSC
STS
TCA
TBA
Tiron
Tris

Abscisic acid

Auxin-binding protein
1-Aminocyclopropane-1-carboxylate
Aminooxyacetic acid

Amino ethoxyvinyl glycine

Bovine serum albumin

Complementary deoxyribonucleic acid
2,4-Dichlorophenoxyacetic acid
1,4-Diazabicyclo-[2,2,2]-octane
2-(2,4-Dichloro-m-tolyloxy) propionic acid
Dimethyl sulfoxide

Deoxy (A,G,T,C)-5-phosphate
1,4-Dithiothreitol
Ethylenediaminetetraacetic acid disodium salt
Ethidium bromide
2-Chloroethyl-phosphonic acid

Fresh weight

Flame ionization detector gas chromatography
N -2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid
Hydroxyl radical

Indole-3-acetic acid

(4-Chloro-o-tolyloxy) acetic acid

2- (4-Chloro-o-tolyloxy) propionic acid
Malondialdehyde

Messenger ribonucleic acid
a-Naphthylacetic acid

2,5-Norbornadiene

Oligo deoxy (thymidilate)

Singlet oxygen

p-Chlorophenoxyisobutyric acid
Pyridoxal-5"-phosphate
Phenylmethylsulfonyl fluoride
cis-Propenylphosphonic acid
S-Adenosyl-L-methionine

Sodium dodesylsulfate

N, N’-Bis(3-aminopropyl) -1, 4-butanediamine
Standard saline citrate

Na-Silversulfate

Trichloroacetic acid

Thiobarbituric acid
1,2-Dihydroxybenzene-3, 5-disulfonate

Tris (hydroxymethyl) aminomethane
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ShBtRACOBEEE b 2 RER FETE, 8
ML RETE CHBREBIC D 2 L 220802 kw,
ACIDHAREIE, REFE TR VEVDY, FR
BEETEELIEY, 35, RBREEOREIE
MAEEDMEL Z &, BIFKTRER SIS B BEARET
whHbH Ik, TEMES OB, i, gk, F
oot HRAKERZUIRT VI LEOMENH Y,
RO RBERIBDCERTEZI bRV I LN
FHINE, ZhoDZihrs, BRREETRSHS
512, SFEENORBEEESE > T IS,
L Labs, BE, £ FUR, 45V 7%EDREHE
ETbEL, BEEBEMETLTLS WS BRICH
3, Ledso T, BRMCHROBBEHERT /201
i3, REORBREEEZDV L CHHEIMELII LR, R
B EECH L RBREE R OEMBIE L Tnw Z
LEBPETHDL EEDbNS,

140 FERUBEORERIORFBIIRBOBEICKREE
BRLT &, LarLlkds, BELRBIFOBEYSE
Bid, BEEZI->TIOBULEBBNL TV EEbh
T3, Fc, BEPEAFORER FEIC BT,
BRI X ZEENLHEENKE L, BIMOBE TR
BrhidIESEECE LW b b 5[123]. LSS
T, REOREROMEEr S swcmEsEs Ly, B
VEEE R OBINZ DR MY, R IR ORERE
REMT 22 cksLBbhs, ZLT, SHROK
HHIMEEDE SRR ECHIoTE, DAL T,
BERCBI LBEEREOHSHEL BER L, £V
ZEBEDEWHIZ DL TOWERKEBLEE L >TL 3
7255, XVEFEETHEEREE, LT, IVEEROD
MEBTECREFIOHENZ T ETERS LS, REZ
D& > BBREXN S HACHEERENDDOH LM, &
% sREHOZEEA ECERE(LDODICH, 5%KF
T THELERESRERICERIN TS B2 2 LIZH
SHThH5b., ZDEIRIVEE LOLWRERBEKDO:®
iz, HlotEDA%RSY, ZOZWMDFTHIHEDO
BHROLIEBCEERD DD LR I b, EFOEDIE
N COBBPEY~OESE, ELFENBE, FRkEs
FMICHANSE ZLRBARRER S, JVREHDOFE R
BRI RDONBZHEEELELT, TEELZLOLLTH
AEE2HBD LT LB~ OEBEEBETONEH, Z0O
72 O IRECIIEE L R WEYEE ORBEHR, DED,
WY HRNE SR, 73 BEBERR, XEK, XEKE
ERGERBH T LBEZI LW EEIONS, 5

WoEEEERT L, 5, 2oEEEORVA
ZEHTE 2 WHEMZ b D, YRV EVRIZEBLT,
ZOEFBESSEMCTARTVW L REHEOHSL &
ThdrLBbh b, ’

7 —F & BB EF O ME B IS DI

EYOLEERII B 2B, KR, FF, &R,
b, BAEREREE, KEREORBEERORE LS
T, EHORFOEMLIERIC LB > THRFIELED
S5HTw3, Ihs>DBRBIEIMECHEHRLVE ICLS
THEIN TS, BEYRLVEVRESEREEEREZT
T8, ZhixhnerBERT 2HEORE (S, &
BOEVWEY), BRLVEYORBEDEY, ORIV E v
EOMEFERSR - T, EROHENGBRR 57D T
HBLEZONTWS, B, EYTEA—Fv 2, ¥
_vY) v, Y4 v A=y, =FVvy, TTVIVE,
Ty /) ATud RO 6 DOEIENVE BN T
3, A—F v rRECEOMRERREFM, HiasH
DOIEEER, FAEREREEERL KBS Twa ik
VEVELTHIONTWS, Ez, YNV VFEDH
EEREEFRACRFREFRZ, V1 bAA =3
fasrZU e EEACEOZBLEILER %2, 75 /A5 0
4 FRFCERRBECHESRELEERAEZ, 25177
VY VB ERBELABIGIORFER 2R T I L0
oh, ZLTZFVVidREORPEE, REOREL
YOELOEERRZES L TwagEKsrE L
THI N TV,

F—Fv 3, BYICHEDFIVEYELTESR SN,
MET, BEOHKRIIBWT, FHEr2EzsMELLT
ZOEELHEE S N, BICEBRICHEDD S BEEs 2,
BEASHh T3 ELRKAKRL —F ¥ > idindole-3-ace-
tic acid (IAA)TH 3. =D, BRSO H
IAA RO REEEE 2R, A —F ¥ VEH
B w2 & iz, 2,4-dichlorophenoxy acetic acid
(2,4-D) 3R T THEH I W BEBRREREA T,
IAAYEUDER2F 284 —FY YD1 2ThH 5.
FhLRE, 2,4-DE{bZc b ERB SERIL S
CEYMBA 7Y —=v 7 ah, B2 OEMBERER L
LCBg sz, 20 &5 RbaWitss R € RIERE
Al (F—% v VBRIBREA]) TR TW3,

WYAERDA —F > THLIAADREZ, TOESHK
LT I BRIV T —R E OSSR PEBRILEER
WX ABEREREREFCLY, BCEHEBE LB
ROESREESNhTWS, LlL, A—FV VERE
Kb asns &, EYBLELTIF—F Y VBRI
ZOCBRI-BEMERENS 2D, £EENCEET
HroRGRETERIRY, BEECREEER
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TH5IEICRS. ERDEIWE, A—F¥ VDY
EYOERMEORAMIBCEE 2 ZE 2HoTw S
[11] 720, A—F ¥y it k> CTHHA2 N RBREE
G kid, PR LSRRI A-VEEZ LI L
Kx%, A—%¥ BERERICY L CORZEORVEY
Tid, EBLBRCHEBO VAL, BEOHFHIL, ~
FUVrOBRFERBEI B, i, FHBRICBLTIES
HEREL THNVRREBEED, RFEEETERT 2 Z
EBHIENTWS, 51, BTRBESELL, HE
2EIEL, KDPEEHERNT 2EEIBEDNE, ZL
TERRE L L2580 D, XEKOHEINS
ZEREDHONTWSE[5]. Z0&d k4 —Fv 1EH
EPRELUHERS &I s 2 ABROBIED, REH
MR BRFBCEL EEZONTET [17] 38, A —F ¥
CHRERNIEHR CEZ S OEBEREF->TBY, 20
P TOTNOERPEENCRENRICESE L THw50
DRDOVTER, RECRRCHEHASNIETRIEEST
VR,

A —% v VEREROEELEBERO 1012, Hifg
BOMRBEEERLD L, ZOEABBRERELTD
BEHRCEZENCESEL TWEHE D DD TIIEE
MORMBDH 5, £z, ZOMOFEELZEHER I,
1-aminocyclopropane-1-carboxylate (ACC) synthase
DFBICE B2 F VIV EGHOREND 5, BFICE >
T, ZOEBER LA —F v VRIREF OREFEM L O
BE %2R T 3 8&Es e S iz, Grossmann & Kwiatk-
owski [29] iX, 2,4-D % quinclorac (3, 7-dichloro-
8-quinolinecarboxylic acid) ® & 3 &4 —F ¥ VRIRE
FOLEBEMHR L = F v VERE L OB, FEHIC
BWIEDOMHEBEBEMR (r=0.92 (quinclorac), r =
0.93(2,4-D))28H 3 Z £ #m LTz, %72, Heap&Mor-
rison (1992) Z L TPeniuk & [89] iZpicloram (4-amino
-3,5,6-trichloropyridine-2-carboxylic acid), dicamba
acid), 2,4-D, MCPP
[2- (4-chloro-o-tolyloxy) propionic acid], MCPA
[ (4-chloro-o-tolyloxy) acetic acid]Zz ¥ DA —F >
RIEREEA I L TP 2RO wild mustard (Sinapis
arvensis L) D/NA ZF 4 T2 RWIEL, BHME B2
MWoN4 44 4 7HT2,4-D, dicamba, picloram®¥%
W, BT, RBCRRELZREBY Shzws, B
HDHOTRBREANERCEREOLOL D bHED
IFVUERELTWBZE®ERLE, 8512, 2,4-D®
dicamba, picloramZEDRFHR 4 — F & > BIRREHH
FEHT LS VMBI ORERICN U TREZEDOKE »
RO A BREEEPEEENELE5 &I LT
WHEDTRERVHETIHREDEIHINATVS [1,

(3,6-dichloro-o-anisic

33, 34, 35, 43, 76, 79]. Lo L%5, L, AHic
IFVUBEEEROBERE > TwEELTY, =F
VBB LIEECE OEBERAEELTBY, ZOH
D EDERAPEENCREERCESE L THW30»IcD
WTSERBEHAL TorziThid, 4+—F v VEREHO
EFBEL SR CHEB LI LR R oRVWIESS, &
To, B2 o TA —F ¥ VEIRER OREFE DR E
BrFrvotidil, ACCOMER LV F VY L ER
ERENLIHCNTE RO ETIHIBEEIN TV S
[29, 30, 126]. Tittles [126] 13, HCNOfEREIZ
SPAVYRYTZHOF M Z7u—ACEF ¥ ¥ —ERMK
BREET IHBRETERTHLWREEEEZEZL TV,
L Lehs, MYEICX>o THCNOBERE (6-
cyanoalanine synthase (8-CAS)) #FHERHCN X4 5
BEBMCESDHL I o, +—F v VRIREAICRZ
MDY T X TIZ BT, HCNISHEYHERETE DB 8
ZEREZSTVEDOLEI D DOVTRESIZTFER
wzighidzozweBbhd, &, F—Fv U HER
% Al quinmerac  (7-chloro-3-methylquinoline-8-car-
boxylic acid) iz & 2 ACCERBEDFER L L TEHT
37 7vY VB (ABA) 23, £FMFHZIRCELEEL
TWBIERRBTIHRELH S [102]. chiBLT
LACCEEHD®, Y& 5 BRBTCABABEREL T
WEDHEVHRMEELED TESIHRETL Tk
HRHB1E55, Licho>T, SBOA—Fv VRIRE
HIOERABEMRE T, REFLBERCERESNSZ ZF
L ¥, HCN, & 5ICABADRE 2 R FH B L T
SDEBEBHDEEZOND,

UEDZE25FEZ2T, AFRTIZA —F v VHRE
FlicrEE T Bclomeprop [ (2-(2,4-dichloro-m-
tolyloxy) propionanilide) ] #E( Y _EIF, &z # OERK
BB F LV ORENCESE YT THE LT 72,

Clomepropiz B3 3 #9420 iX4

AWrZeiC v 7zclomeprop (Fig. 1-1) i3 =2k

Ro—X 7= HML7 7 adh) k> THFgs
Bt (228 —7] LS EHTHS, ZOREXIZ
JEZRRL—FEEHEB IV YNS, RINVAZD
—HMOLZFEME IR TEEECHRERET 57 =
¥ VROERT, KHARER L LTHERAIRLTWE,
FANGBZEEDIH LT, Wb bi4—Fy  RIRE
A FARRERERT Z EBHISRTWS [114], 2L
TR (4 2) IR Luizclomepropid, RO FER
HRBETREIhLI D LBEESIR TV S [50].
(1) Clomeprop® 7 & FEEESMAOMASBIZ XD
2-(2,4-dichloro-m-tolyloxy)
(DMPA) &7 =Y Y S&ERR,

propionic acid
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CH Cl

CONH

2-(2,4-dichloro-m-tolyloxy ) propionanilide
(clomeprop)

Appearance : white solid

Molecular weight :  324.2

Melting point : 147.5~ 148.0C

Solubility : water 3.2 ug /100 ml (25°C)
xylene 1.7 g/100 ml
acetone 3.3 g /100ml

Stability : acid : stable in 0.1 N HCl solution

base : stablein 0.1 N NaOH solution
heat : stable (40°C, 1 month)

Fig. 1-1 Chemical structure and physical and

chemical properties of clomeprop.

CH Cl
CH,
a o CONH
clomeprop
' arylacylamidase
CH,4 Cl

CHj3
a o)\ COOH
DMPA

[2-(2,4-dichloro-m-tolyloxy) propionic acid]

Fig. 1-2 Metabolism from clomeprop to DMPA in

some plants.

(2) DMPAR 7 == VB A F VEIEDO KB 22T T
3-CH,OH-DMPA % & k.

(3) 3-CH.OH-DMPAIfa&t (Fra—R) 2213 T
AREHREHDE D,

4) S5 w—ERIxFEREREYE R 3.

¥ 7z, # DAtz clomeprop B E AL & L7z, Ik
ST LRIEROFEEDHEZI N TV S,

EE()D & 912, clomepropidfE¥ENT7T Y VT &
NF I —EBR2NLTTYNT I ROIIAKRSMEPSEL
72 REYWDMPAKELT 5 2 L& v (Fig. 1-2), -
EHBOA—F Y UEREETLIORCRS EHRESINT
W5[118, 142], 72, EERR)D X I 127 = = VERD3-AL
BT DA FNVEOMNBENEE LD, ARREEhS
LI TRERILT s 2 eBHonTWw3 [114], %
LT, DMPAD#EAREERES & U'3-CH,OH-DMPA &
ZO7 )NV a—2@EERCE RERFEREOER L -

TRIREDTENZ2DOTREVIEHEEILTVS

[142]. 5B, clomepropZEHMETH 5 1 # T, E
FEELEZ SN TWBEDMPA®L S REFEEDOZWLE
¥ (3-CH,OH-DMPA) ~ORFHEELE L, BZHL
EEYTIX, ZTORBEEINENZ EBREINTEY,
2ORERHEFEOERIC L YDMPAOKRNEE o2
BELBZEICE->T, BIREPEHL THEEEZS
3 [141],

Suwunnamek 5 [118] i3 ¥4 2 v TOA —F ¥ ViEH:
13, clomepropTid’: { DMPADQEZEFHEERE L EHWHE
BRARSH B L HEL T3, 2D & H» 5, clomeprop
BERZEEZ2RT, ZOEEREIIDMPATH 3 A4
AR ENTWS, LHrLEHS, clomepropHE b
A—F YU ERERTOTR VL ETIHE LD S

[110, 114]. U72535 T, clomeprop®{E K+ % fHH
T 57201213, 713 UHI, clomepropE &84 —F &
VENEETAOPREOVTRETLTWLERH S &
Bbha, X562, clomeprop, DMPADEEEM DA
BT 2 RBREE TTObhATHRWI s, &
no DEHDOIERABEOMRIE, Mot —F v VRIFRE
KOERBEOBBIIT L COFBRYE52 52 LIk
371255,

UbtDZ t%3% 2T, I TldclomepropD{ER
BEEEETZ L 2EHMNE L, FFicclomepropiLiEfE
DLFVyOERCEREY TR RTo/. B2E
TlZ, clomepropd#t —F ¥ U EH®EZFEOOMIIDONT
BRE LRI >WTRN S, 8 3 ETiZ, clomeprop®
DMPAMEEOEEREE L 5L v L OBz OWT
BB, i, ZITCRIFVIVESROEERRTDH
% 1-aminocyclopropane-1-carboxylate (ACC)
synthaseifth & ACC» & = F v U NOEHURIE % il
T 5EERETH 5 ACC oxidaselEHEDEILIZ DWW T bR
AL, BLETE, NWEBE (B, £ B, BRE
AROZROFHRBER 2L F VU ESRREHEE L THR
FLIERICOWTHRRS, F5ETIE, clomeprop,
DMPAMBB I Z 3251 a VIR TOERERL®
BIROREHECBIT 2 5LV OBRENTDW TR L
TRERICODWTRNS, Z U TH6ETIE, EFNEE
DA a3 MR TOBRERBC T F V> OfUICEHER
FKBEEL T ELRDOWTREL, &51L, =FL >
LEMEBE L OMDL D I OWL THEANRLERIZDOWL TR
35, ZLT, FTETE, FHATHESKIBREEC
R R T#E 2 S AclomepropDEBREHEIC DWW TEE
E2h0Z 7.
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£28 F—FE8REA clomeprop & ¢ DNk
SBRHYDMPAOF—F L iEHKL
-+ HEEAHE (ABP) ~0OfEE

2—1 F &R

Clomeprop (2-(2,4-dichloro-m-tolyloxy)
propionanilide) &, KFEFBINGERERIT, —FEHE
BEURYNA, KFNVAFO—EDEHELHER 2 HIE
T3, KEENELBREZEED L, wbwit—F
CEBRER EEUOERERT LSO TV 3

[114]. %7z, AHFOIXF ¥V VizHLTiL, RE
DORNAEEGHREREL L, WERBIHE S REOAEE
BOELFHEET S L IE VBRECEREMFIZECL
T3 bDLEESA TS [58],

Clomeprop 3HEMENTT YNV T ¥ VT S5 —¥ %
1L T2-(2,4-dichloro-m-tolyloxy) propionic acid
(DMPA) i finzksr 2 & 5 55, DMPAZclomeprop & Y
WA —F v UER EEABNGEHWER 2R T 2 05,
clomeprop® Vv E YYER I EDMPA KT % D
TRV EHEEIRTWS [64, 114, 118, 140, 141,
142]. Suwunnamek % [118] 1354 2 > TODA —F ¥ >
1EHEZ, clomepropTid’s { DMPADXEZETEERLE
WAHRERER DS B L IRE L Tus, ¥ 72, Wongwattana
5[142] &, F4ay, ¥av ) 2HBENE L THT
W7 ¥ IV7 S FEEEOBERNIIKRBRIGCZEET 517F
B o » % NAC (1-naphthylmethyl carbamate) %
clomeprop & [RIEFICLE S 3 &, clomeproplidiF & A E
BEERBLI UL —F Y v EEETRIRI BRI LD,
clomepropD{EHAR{EKIZIDMPA T H 2 AJfett: 2 & &1
BHTW3, LHrLEgds, clomepropBE b A —F ¥~
EEERTOTRZVIET2HE L H2 [110, 114],

C 2.2 THRETidclomepropDIEFIEMRIHOE—45 &
LT, clomepropE st —F v v EEEETLONE
ShEENIODILEHNEL, bUEDIaVEFBEE
=%V AEEGEAE HEELOA—F v U2ERK) &
OFEEEE R~

F—F ¥ LS EHBENEORME

1930 R S1MERIEP T TA—F YOS LT
ML OBEBFTHRS N, {5 ORRGZEEIIEYIE
NICEET 3 ZeBNFRaENE, Ll —FY U8R
BT AR BEAZENCIE D 5 iz DIF1970ER I
A2 T 5T, FTRERE LU CHEANCHFLELA —F
VY ERBRANCES T 3EAEY, BRIFET A —
F ¥ UEESERAIOREL Thb Iz, BEHEERA —F >
vERAOWERVECVEEEREORRER L L5,

F—F v LRENCHEA T A EAE RS TFEPMEN
BERICEVEASK, 1BETRIESEEFEET S
CEBHONICENTET, UL, ThODEHED
BEECBI L TR AN L, FLEVBEEELT
B D, FVEVER, DEEIZIERVE CERICE
E42BHBTHL2OPRZOVTIRBESH»ICIIATVER
W, BEF—FV UREKE UTHRET 2NN H 5
rEZONTWS, AEES XY, BREEEL—Fy >
HEEBLY [26] %Fig. 2-141TmLiz,

197248, Hertel® 3 b7 €0 a o FEEB M,
Bl A — % > > LSRG T 2 BAINEET 5 2
EZBESMIZ LT [37], 1978412 i3 Dohrmann & 53 k7
T3V FEROEKESICEET 524 —F ¥ U EEERAL
BFEL AN, site] VMEEE), site II (KAL), site
NI (FERER) O 3 D OFEEIAL 2 B2 L7z [21], 1985
FXR>THIDT, A—F VU HEEEHYE (ABP1) #8
FyEwavo/NNIELsEESER [70], ZDOABP1D
90% 23/ INFBAE N RE /NI BRI JRTEL TV B Z E AR &
ni- [51, 105]. ZDHABP1 % 3— F¥ 3cDNAsSHE
S, ZOBERTIEmE Sz [48, 125]. Z D%k
12X % L ABP 1 OHIBREIZ20AD 7 = VB X VEK
SFEH2kDaDEHE £ LTSN, AiEENKE
DISBE /NI A D TDDY T FARTFRELT
B LRI NI, —F, RREREIZIEDT 2 /B
BEIVEDSHFEIZIBkDaTH 7. %72, CEEHIC
X, FIEMSWEAEEZ/MIEICEEDTEL DY
7N T 5 ELBAF(KDEL) BFEEL TW3 Z & H38F
Shhkikolz, :

by EwavNEEROL —F 2 B ONEE L
BOA —F v TG L i BRAERRE & ORICHEREMELS
HrTr [136], 7, MlEOMRERREFERICEY
24 —F v RREL ZOBMEIOA —F v U RpRME
Lo bEEERASNB 2k [93] BERS, bV
w3 Y/NAEKABPE A —F ¥ U REMEE UTHEEL
TVLBHAREESEZ 5N U, IhEEHT 301K
BHEZ BRI EERBTbORLTE 2 [9, 10, 70,
82]. Barbier-Brygoo s [ 9 Ji3 #4{bBESR CHIREEE 2 x %
LTESNI I NaBER o b 7I R 2HAWT, Ml
DA —F ¥ VIBERIGE U THEAA DB 2 HIE
LTz, 2OQHIET Y Eoa v /NIEABPLFED TR
FHRICOWTHARS L T3, F—F ¥ VIRERIEHSABP
1k X VBROCHEESNS ZLR2RWELE, L
HLEMBS, ZOFRIE, PESHEREAICERY AN
%, MIBCBTLUEAT2 L RBIZRS W I L5,
ZOREETCRENTELABP 1 OMfifasNRES F
Biazeekd, ZOBBIZODLBTILIES K DO,

— 248 —




HE 4+ —F v HBEX clomepropDEFIKSH B+ 2 F5%E

BEAHI LT, Z20%, bvEoavABP1I/ME
i & TN DR E R CRERCHRENC WML Ty
A ENRENI: [H4] T ES, ZO/MNEEABP 153
F—F v VEREEZEEE UTHEEEL Tv 2 TR
BHIEHLINTWS, T, S5 NNTHEOEE
BRI Yooy O/NEEABP 1 et 2546 T
BHExNE, HFEN2KkDa0EAEVLFETSEI LD
RENTWB[106, 107], L L, b LAEYICZDABP

1 2Vt & R EBECHEENIC WL Twab DT
T, BENNIEEHY IV ERREL T 0D,
2 ED & D B C/MNEEEE v 7 Vv OfETR & R
LTV DaBSEES LI ENRTRIER S B VWEE
TH33,

AETIE, X —F Y U ERHOHRBRICE, ETE—IIA—
FYUBREAOEANEERICRB L CERL,
clomepropEB DA —F ¥ U EROEER, A—F v
BABEAEANORKAEERZRIEST 2 Z Lic X DFANT:,
INETORRREED S, +—F ¥ VREBRIERF
ETATEEMRH 5. Licdio T, clomepropD 4 —F &
EROBEEFNRD IV OLOF —F ¥ VERE
HEANDEESEHEARL I LPEETHLIEWEEIET
bw, LaLEns, iDL Skt —F v V28 E
LU TCOBREVER I N TWSABPIEEO N TWS, Z
5 LI-EBl» o, AETREE, A —FY U 28FTH
ZrEEEINRTWR Iy Eua VEESHABP &
clomepropDFfEE IR - THANT,

2—2 MEBIUHE
HEEY
Foeway (Zea mays L. cv. Honey Bantam)
¥xJ ) (Phaseolus aureus)
HEEEY -
IAA (indole-3-acetic acid)
NAA (a-naphthylacetic acid)
2,4-D (2,4-dichlorophenoxyacetic acid)
clomeprop [2-(2,4-dichloro-m-tolyloxy)
propionanilide]
DMPA [2-(2,4-dichloro-m-tolyloxy) propionic
acid]
PCIB (p-chlorophenoxyisobutyric acid)
HEHEEYOME -
IAA (98.0%), NAA (97.0%), 2,4-D
(95.0%), clomeprop (98.0%).
Clomeprop, DMPAIZ=3Fm{t#R R v—xX7"—7
VLT 7 atR) & 0 EBEERRT .
EZ 5B

Chemical Structure Common Name Chemical Name

| COOH
TIAA
H

COOH

-
a
ct 0~ COOH
24D

indole-3-acetic acid

1-naphthylacetic acid

.2,4-dichlorophenoxy-
acetic acid
Cl
CH;
Cl 0_'_ COOH chlorophenoxy-
H, PCIB nsobutynPc acid

Fig. 2-1 Chemical structures of auxins and their

related compounds.

(1> 4£BFHEHR

EEW (1mM potassium phosphate, pH6.7) T 1 X
10-*M, 1 X107°M, 1 X10-°Miz 5% U 7z REH| DA%
B rvEnay @R, Y )VET2HRBEE &
BHN B GATER—,S—F AV BB L. 5 HIERERT
THEF IR, BHoES 2HELL, 2, BEK
PRHOWTHEL b DE2XEX & Lz,
(2> F—FriEtsek

(h T oo FEEHEEFER)

kYoo VETFE-BUKEKICRER, BAKETE
BEATES RS —F AV EICBEL T, BFT
5 HEIET L, FEBOERERHS D, BEEk2,
3HIE, 2EMETOREEEEE L. FEROLRS
mEEEFE L%, S5mOYIFEREELL, &4 1 X107
M, 1X10-°M, 1 X10MIcSHE L 7-&FEH D KER,
F 7 EER TR 2 3mA>7ERE3mDY 7 A
Ve —VIiZ, TFERYHE21I0KT DAL, BRAT2TC,
URBET S, TEBYRFORSE, HASEETHV
THIE LT,

(Y=F+ VXY bR

YV EF e —BkEkic BER, BKET 2B
KTESEIzR——F ANV B LT, 7 O%BEET
T3HMEFRE, 7y 7O F 3m» 5, 20mmdD Y]
EREEL, FEA»SHIZImOYIhE 2 AR, V
FRE UL THREYIF 10K D2 &4 1 X107*M, 1 X
10-°M, 1 X10-°MICFERL /2R3 A, 2B ER O
HBX) P20, B, 27°CTHREL, HE#OEihA
ZHIE L.

(3> zFL&ERE
(bvEQIaSTDIF VL ERE)

ROk S HERBLL, BERSHEO MY ER I Y
26 5mDTEBYIF 2R 72, &2 1 X107M, 1 X
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10-°M, 1 X10- MR L -3 A, % 7213 EmER ONR
X)0.5mlS A > T> 5 20mlD/ ¥4 7 A T RS
210ETOBL, /85 7 4 VATER LIz, 30°C, BT
THREBE L8, 2B 21 66/, N4 7 rohh
S5V YU TImDHARIKERY, FRA7ux /7
7 (Shimadzu, GC-7A, FIDKHER) 2HWTRELT
IFVIEBERHEIE L, HIEOBICIE, BHEES X (99.5%
xF v, GL Science Co.) Z{ERL7-.

SR A 9 4 & L CUnipak S (GL Science Co.) 2%
L7 3mX 2mDA T AA T ARV, HA7OT
NI TRUTO XD REHFBEEL .

+—7VBRE 1 60°C

Fy U7 —HRX (N) FE : 50ml/min
H,Z ADES : 0.5kg/cnt
EARE © 120°C

(Y+ ) TDLF Vv ERE)

EEROISCEMBLI XY FVEHCT, 7V IZ7DTF
3mm 6, S5mmdD YV TIRREIAE 2R L, &4
1 X10™*M, 1 X1075M, 1 X10-SMIZZF8 L 72364, %
7o R EER (HBX) 0.5mlps A > T3 5mloNA 7V
I THREYI R 210K 3D AN, XT 74 VATERL
7z. 30°C, BEFRCHRIB L7288, 2 [REffld &1 6 ¥,
5mioSA 7 ADHNS 1mDOAF X 2EERD, FEOH
Azu~w 77 RFERAL, RELLIFUVVBERHEIE
L7z,

(4> F—F > EEEAE (ABP) DS

@ (3 70y —LBESDHEEE)

RO &Sty EDa VEFEER, 30°CT5 HM
EFsE (BER2, 3HIZ, 2BETORELEER
HU72), bvE oo VERSRABPO BRI, NS0
Fk [104] 12 LT tso CfF o7z, b €03y FERS
& U BRER300g % & & o # i Buffer (50mM  Tris
-citrate pH8.0, 0.1mM MgCl,, 1 mM EDTA, 0.1mM
PMSF) TEBR:L, 4 BOF—¥THEBL:. ZORE R
5,000 X g C10FE OB L, EiIcCaCl, # BiKiEE
H100mM & 2 % &k S EmL, 4°CTLOSfE@EERL 2
%, 10,000 X g T2050 /], EONMEL 72, Z ORI
W72 b r300mlEhmz, 8L SBER L, Z0LEIHIZ
10,000 X g T2042 [, FHL5rHEL , 185 7z thBR % BRASEZ
PR T 1 BFERE R L 7o 18, AskThkRic LT 4°CTR
FL.

® (ABPpafEAE)

BrFR OEE Sy % 1 b Buffer (10mM Na citrate-

citric acid, 5mM MgCl,, 0.2mM PMSF, pH5.7) T

BEL, 779rREYFA P —T305H, BERLE,

10,000 X g T2043fd, ILTBEL Tz, 2O LERH S U

HPMSF % & % Wik Buffer ¢¥#i1k L 72PD—10
7% 7 . (Pharmacia LKB) @@L TESFHE 2K %,
EREHES 215, ChPAS{EABPE L7:.

® CH-NAAZEIEMDHE)

BREEN 1 X10*M, 1 X10°M, 1 X10*M& k3%
ko, RBRECEES ML, 5 wHBEL:
ABP0.5ml& 5 X10*M®*H-NAA (1.8TBq/mmol) %0
2Tk, 4°CTHOMEREL ., RiICEMmEENZ 2
#1215,000 X g T30 ELE LT BEL , B 21872, L%
BLTH s, ERE0.1%SDSICE L L, BEHE M 2wk
YrFv—varvhvvI—TCHEL k. BEER

(Kd) AT OHEAL Y KRDT:,

B/F= (Bmax—B)/Kd
B/F=Cb/(Ct—Cb), B=Cb - Ht/Ct
B:RBENCHEE LI VEVBE
Bmax : &I OBE
F:#HEERVEVEE

Ht: fvE v EE

Ct: A oemstEEE (dpm)

Cb ! HEMICHES L BENEER (dpm)

2—-3 & B

Fig. 2-2» 6 Fig. 2-17WR L7z 5BE8RIX, 3T 3 &
TIT, HRZNLSDFWETRLTH S, ERIIFEL
bOEIR LD 2ERVERLUTIToN, BOIRLE
BR T IRCRUCERZRLT.
(1> 4£RMEFB

Clomeprop, DMPAD £ EMFIZIRDOIBEL T 58
W, roEway, Y REFEEYE L TETFLE
5 HEOREROHEE 2To72, hUER A Y TR, 1 X
10 MTIEWTFhOMED R o hozds, 1 X108
MiZ ¥ TiEE % FIF % &, DMPA TIiZENEDHIT0% D

¢+ Clomeprop
—{3— .pmra

—@®— :NAA

Shoot length ( % of control )

n0_/ s llo‘ I;J 1;-4

Concentration (M)
Fig. 2-2 Inhibition of maize shoot growth by
DMPA and auxins. The

length of non-treated shoot (control) was

clomeprop,

4.1 cm.
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HE D A —F v UBBREXclomepropD{E K& I BE ¥ 2 75T

Bk, 85121 X10*MTIi2#60% & 7z - 7= (Fig.
2-2), ZODMPADHIFZIR X, RAA—F> 0 Th3
IAARRENLZERA —FV THBINAALRBREET
Hotz, Clomeprop2EFET S & 1 X107°M, 1 X
100 M TRERMFRIRIIHE B Lo 72235, 1 X10*M
WETEE2 LTS, BUEOKN%ERD, DT
WEE DR ZEIL 2,

Y+ )T, 1 X10"*M T b clomeprop, DMPA#LE
W& DB DORI60~TORBELZD, hyERaV &
D HREBHNIFW LRENL (Fig. 2-3). 1 X10™*
Mic ¥ CEE%® EIF 5 &, IAA, NAA, DMPAJLE T
FAED20% AT & THESHIE NI, v FUT
b, DMPA® Adiclomepropd b b A EMHI5HE
WEho T,

(2> A—FiFHHEE

Clomeprop, DMPAIZ & % 4RGSR S A —F > >
EHECERL TWw200E S » 20, F—F¥
VIEHRIE R T . A—F Y UEHOEEELT, b

: Clomeprop
—{— . pmra

4 —O0— : IAA
—®— :NAA

Hypocotyl length ( % of control )

0 /. L !
/e 10° 10*
Concentration (M)

Fig. 2-3 Growth inhibition of mung bean seedling
by clomeprop, DMPA and auxins. The
length of non-treated seedlings (control)

was 5.8cm.
180
' ! ' ) —— ; Clomeprop
E —{1— .pMPA
: 160 - e O— :1aA
- —@— :NAA
. o i
&
§° 2o E
i
]
£ 100 b
&
g
5]
80} ]
_/[1 L L . 1 1
0 10° 10° 1t 103

Concentration (M)
Fig. 2-4 Effect of clomeprop, DMPA and auxins
on maize coleoptile growth. The length of
non-treated coleoptile (control) was 7.54

cm.

vEOIVFERBRAR vV Uy I EBR%
Tol:. Vo EoavFERBRARTIX, DMPAR
JAARNAAF YDA —F ¥ U IEEEZT IR P57
boo, 1X10*Mizx TEER2 LT3 L, BOUEOK
140% W E CHEXE, Bout—Fy v EMEE2RLE

(Fig. 2-4). ClomepropLE TiZ, ®iZ Y DMPAIZ & D
BOWHREEENE R RS T, 1 X10*MTH, EUEDH
120%BETH - 7.

Yr+FVAYy FRERTYH, 1X107°~1X10*MOD
EEEE I 3\ CDMPA lZclomeprop & D & 584 —
FyUoEEERL: (Fig. 2-5).

(3> TFLERE

60

40 {—— Clomeprop
—{— .pmra

20 1—0— :1aA
—@— :NAA

I

L
10° 10*
Concentration { M )

Fig. 2-5 Effect of clomeprop, DMPA and auxins
on curving angle of mung bean hypocotyl
sections.

T —@—10*M Clomeprop

Clomeprop ——10"M Clomeprop
41 ] —&— 10 Clomeprop

—— Control

Ethylene (nl /10 sectios )
~N

OT 0

Tﬁm after l%eatment 6“)

’ —@— 104 DMPA
DMPA ~——10°M DMPA
1} 4 —A—10%M DMPA
—tt— Control

Ethylene ( nl/ 10 sections )

0

2 4 6 8
Time after treatment ( hr)

Fig. 2-6 Effect of clomeprop or DMPA on ethylene
production by maize coleoptile sections.
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5 5
J T ——10M 1aA ) ! ! —@— 10 1AA+10-3M PCIB
1AA — 1054 1aa 1AA+PCIB ——10%M 1AA+10-M PCIB
4t ’ 4 —h—10% 1aA (13 4 —A— 104M 1AA+10-3M PAOB

—— Control Control

Ethylene (n} /10 sections ) ~
Ethylene (nl /10 sections )
~

1 UT—I—u———-

1 . L s
s Tilme after 4 (6}“) 8 ¢ TFime after {matmentﬁ hr)
" T ' —o—104M NAA ' j j ~—@—10M NAA+10-3M PCIB
NAA ——10%M NaA NAA+PCIB ——10-°M NAA+10 M PCIB

41 4 —&— 1M Naa 41 { —&—10°M NAA+10-3M PCIB
——— Control —— Control

®

Ethylene (nl / 10 sections )
Ethylene (nl / 10 sections )
N

- 1 OT——-—u—a
-1 L L 2 -1 " N
0 2 4 6 8 0
Time after treatment ( hr)

'lzlmz' after‘{mahnen& hr) 8

Fig. 2-7 Effect of IAA or NAA on ethylene produc- Fig. 2-9 Effect of PCIB on IAA- or NAA-induced
tion by maize coleoptile sections. ethylene production by maize coleoptile

sections.

5 T T T
j i ! |@— 10-4M Clomeprop+10 - PCIB —@— 104 Clomeprop

Clomeprop+PCIB 3 10°5M Clomeprop+10 -3M PCIB Clomeprop ——10M Clomeprop

4+ 4—— 10M Clomeprop+10 -3M PCIB —&— 10%M Clomeprop
t—w—— Control ——pt— Control

Ethylene (nl /10 sections )
~
Ethylene (nl /10 sections )

OT——H——Q-“—. 1
-1 . L " <05 L n .

2 4 6
Time after treatment (hr)

2 4 6 8
Time after treatment ( hr)

—@— 104M DMPA+10 3M PCIB ) . —@&— 10*M DMPA
DMPA+PCIB —H—10-5M DMPA+10 -3M PCIB DMPA —— 10 DMPA

4r —&— 10-¥M DMPA+10 -3M PCIB ~—&— 10%M DMPA
—— Control =—tt— Control

05} J
OT—-—Q—I g
-1 " 1 L .05 N N

Ethylene (nl /10 sections )
~
Ethylene (nl /10 sections )

0 Tizme after t‘zleatment 161\:) d 0 Tiim after ﬁ‘ﬁatment (6l|.r) s
Fig. 2-8 Effect of PCIB on clomeprop~ or DMPA- Fig. 2-10Effect of clomeprop or DMPA on ethylene
induced ethylene production by maize - production by mung bean hypocotyl sec-
coleoptile sections. ' ‘ tions.

Fig. 2-6~Fig. 2-7iZ b v =0 a v FERHCEALE  F1L o &8I13H 3nl/10sectionsk 2V, Zhix 1 x10™*
Loz FVvoRHEZRIELI:BERTHS, 1X M IAA, NAAELIZIZEL WiEHE %2R L7, Clomeprop
10~*M DMPA#MLER T3 LT 6 BFREIRIC N4 T VAD = METIX 1 XI0*MOBETE 2 b, &KX#0.5n1/10sec-
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FBE A —F v U RREH|clomepropDE R BT 2 HF5E

N —@—10M [AA
IAA ——10°M 1AA
- —h— 104M 1AA
g ——— Control
S
8
T o05]
$
<
-
2
o
5
>
5
=
-0.5
0 2 4 6
Time after treatment ( hr)
T T T —@—10*M NAA
NAA ——10°M Naa
— —&— 10M NAA
E ——»— Control
=)
k-]
g 05| g
@
=1
-
G
Y
g
=
B
5
-
-0.5

0 2 4 6
Time after treatment ( hr)

Fig. 2-11 Effect of IAA or NAA on ethylene pro-

duction by mung bean hypocotyl sections.

tionsTH Y, RIFHVDMPAL YD bIEMIZTE Lo/, F
fzo TV FA—F¥ > THBPCIB (1 X107°M) 2KHK
He—fzmz s &, WIFhOEFMBIBNTH LT
VU EBIZIZSEL IR & e (Fig. 2-8~Fig.
2-9).

Fig. 2-10~Fig. 2-1113 ¥ = 7 V) TR EHULE L
FPRBRCRETEIFVUBRHIELIERTHS, by
FToay EHETELWThOERTL =S v U RLE
Ao tz8, 1 X107*M DMPASLEE T2 ALEE K 5
SBRICIFVUBRELRYD, TREEMIAALR
BETH- 7. ClomepropLETIE 1 X10*MTH, 1T &
AEZFVURER Lo, £, PCIB% [EIRLE
T3, bUETIVOBEERKIC, TRTOERL
BIBOWTERZSRCZFVYyORENNZ NI
(Fig. 2-12~TFig. 2-13). Zh o D#ERIE, clomeprop,
DMPAIZ X > THET L F V3, BEFHEHDOLF
VUVEABRIZE B DTIERL, BIBTRTHBL—F ¥
VERBRIOLFVVERTHEIEERBRL TS,
(4> A—F> > HEHEEHE (ABP)\DEETENE

EEEEORIE X, 7 b BB XD BUNES
5B 5N EES S LIZABPER W, by ED
a viRE R ERL, BEOOMEL TREBENEET 2
WU T, ERL, BRROBEER 2B, O
ERIZ 4ACCHRET TR, B&Z 3EMRA—FY U BE
EENEFERTERETH - 7o, BEEEHE IR, NAAY
EbtrvEoa v ABPR LERENE» 12729,

T ' ! —@— 10-*M Clomeprop+10 -3M PCIB
Clomeprop+PCIB t—4— 10-5M Clomeprop+10 3M PCIB
—~ —— 10M Clomeprop+10 -3M PCIB
2 |—s— Control
-}
§ 05|
13
]
g
G
$
> B
5
155
-0.5
0 2 4 6
Time after treatment { hr)
) ! ) —©— 10-4M DMPA+10 -3M PCIB
DMPA+PCIB —1E— 10-" DMPA+10 -3M PCTB
- —#— 10M DMPA+10 -3M PCIB
] ——— Control
]
S 05|
13
<
=
=
c
Y
5
> a0
]
-0.5

0 2 4 6
Time after treatment ( hr)

Fig. 2-12 Effect of PCIB on clomeprop- or DMPA-

induced ethylene production by mung

bean hypocotyl sections.

! N —6—10M 1AA+10 M PAIB
IAA+PCIB —H—10M 1AA+10 3M PCIB
-~ —&— 10M 1AA+10 -3M PCIB
P —s— Control
<
£ osl
13
=
-
C
3
£
>
g
-0.5
0 2 4 6
Time after treatment ( hr)
! ! ' —®—10-"M NAA+10-3M PCIB
NAA+PCIB ——10°M NAA+10-3M PCIB
- —&— 10°M NAA+10 M PCIB
g ——t— Control
"g 05}
2
=
G
o
£
£
=l
@
-0.5 L " "

0 2 4 6
Time after treatment ( hr)

Fig. 2-13 Effect of PCIB on IAA- or NAA-induced
ethylene production by mung bean
hypocotyl sections.

SH-NAAZFHW T To 1z, HSEEIVEDEE, *H-NAA
LABPORA 2B EANCHET 20»2FNL 2 LI
LY, BEHLABPLOHEESESERANR, &/, B
H, O RVEVRESEEAEIE, 74y —IREE, ¥
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TERFEEFIBAMEBE

$525

a
. 60kDa ( § -glucosi dase)(b) AEI
[ J
31kDa ( § -glucanase)(c) doplasmic reticulum
Py . 9
23kDa(b)
24kDa(b)
" sskDa®)
Nucleus
248be (GSTHHe) 60kDa(b)
25kDa (GST)O
L Cytoplasm
40/42 KDa dimer(a) l
Plasma membrane

Fig. 2-14 Location, size and function of auxin-
binding proteins (ABPs) identified in
various plants.

(Garbers and Simmons, 1994)
The letters in parenthesis correspond to the
plant in which the protein was identified.

(@) zucchini and tomato

(b) maize )

(¢) Hyoscyamus muticus

(d) various plants

(e) Avabidopsis

(f) maize and Arabidopsis

0.7 T T T T T T T T T

0.6
kd=2.7x10-"M
0.5

04+

Bound / Free

03

0.2+

01

1131 S S U TV ST SR PR T R
00 02 04 06 08 10 12 14 16 18 2.0
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Fig. 2-15 Scatchard plot of the binding data of *H-
NAA to auxin-binding proteins (ABP1) .

NEE, VBT, RERBENEV STV S,

P EOaYABPIRY AR & OBESRE LS9,
FEBENTE, MERBEIESTEEIECEL Thwa &
AT [18, 134], SEIZZ D> bHEEESH
Wiz, ‘

Fig. 2-15i%Scatchardf@#Tic & 0 b7 £ o o &k
EHABP 1 ONAAXY T 3 BBEEH 2RI DTH
%, MREEEHIL2.7X10-"ME 2D, Hessed [38] DR
4 (2.3x107"M) ®Mitod [81] DL (2.2X10-"M)
LiEIR—HL Wiz,

Fig. 2-16i3 b7 E v a VEFESRABP 1 o33 3%

+:Clomepmp
—{3—: DMPA

1 —O—:1AA
—@&—: NAA

4 —O—: PCIB

20

0 VB R 1 L
-7
o 07 1* w0t
Concentration ( M )

3H-NAA binding ( % of control )

Fig. 2-16 Competition by clomeprop, DMPA,
PCIB and auxins for *H-NAA binding to

maize auxin-binding proteins.

31 10-4M domeprop

0 20 L] 2] L 100 120
Replacement (%)

Fig. 2-17 Replacement of °*H-NAA binded to
auxin-binding proteins by clomeprop and

related compounds.

ERIOFEGEE %, H-NAALABP 1  OFESEEI &
DAY DTH B, %72, Fig. 2-1713 K8 3EH| 1 x10~*
MALERF TO*H-NAA & OEHREE % 1 X10*M NAA
AERHIC B 1T 5 B#E100% & L TR L, *H-NAAD
ABP 1 ~ND#E&1X 1 X10*M TAA, PCIB, DMPA iz
Lo THE WM TSN, $i2 1 X10*M DMPAT
i1 X107*M NAAL ZRELWEEHEER2RLE, —
7, clomepropid 1 X 10*Miz & THEE% LiF T b, 1T &
AEREEEHEL Do/,

2—4 E £
FaRcTbRRIXdiL, F1ay, Fav) AV
BT, clomeprop® AR B TH 2 DMPAIL,
clomepropEH& & U b ERMGEIZIRRA —F ¥ ViEMER
B EBRESNT WS [142] 28, b Eway, ¥
) ZRWIEEREOWHETH AR, DMPADO A
clomepropk D b4 —F & VEBNSE L, EENHZE
bRE»o/, PYEQIY, YIS OBEFICHER
2T 5 L, DMPARRKRAA —F ¥ > THBIAARS
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#E A —F ¥ BBREFclomepropDE AR T 2 H5%

BRA—FY U THINAALZIZFELVLWAERNKI ZRL
72Dt L, clomepropidi ¥ o HIEIRHE Uil i
WZ EBSHEREhi: (Fig. 2-2~Fig. 2-3), %7z, %
Wizt —% v U EERBRTH S, bUEo Iy FERM
ERBREY YV TCORY Yy MEABR, ZLTCF VU4
BRRHEER 2 {T-> 2R, DMPARB WA —F ¥ U EH
ERLEZOI LT, clomepropldbh ¢ RiEMH L oFF
Izt (Fig. 2-4~2-7, Fig. 2-10~2-11). Z#L T,
I 4 BOEFOERIMGNEE A —F v EREED
B IZIEORRM: (r=0.79 (b v €03y LRI
HER E TEBMEEFR), r=0.80(rx+ Y OLERIH
HE L2V v VEEY)) BSOS, IS DR
5, clomeprop®DMPAIZ X 2 & EMEIERICIZA —*
YRR EECEEL TWE Z LSRR E N,

Barbier-Brygoos [ 9] OEE» &, b ED /)
FaiE X D ESL - ABP 1 8RR EBERE TR EEBEE
PRI-TZEMNREN, & 5ABP 1 /NaE» s T
ViR R TRBEBESHRENIC L TWD 2 E29R
ahiz [54] 2o, NIEABPYSA —* ¥ VIERRE
BZREE UTHEEL T A TIREE N E £ > T3, L
HLENS, HEEETIRIO N YE0 a1 ABP 1 234 —
FYURBHTHS I LOMERBORTVZRY, Ly
L, R LD IOEAETA —F ¥ U EBERRRNI
HRTHIEBHSHTHD, Lordbt—FyrOfEH
HKECEE L TV IFEAEAETHL L TRINT
w3, Fig. 2-16T, clomepropi3*H-NAA X ABP1 £ D
EBEZRZHEEL o2 LS, 1 XI0*MHM26 1 X
1M T EAHETCHW/ b vEn a3 ABP 1
KA —F e LTHEBINRTwEVWEEZ OGNS, %
7z, DMPA, NAA, IAA, PCIBix 1 X10*M T
SHEEERLEZ LS, ZOABP 1 BEMNICINS
BPA—FyrELTHBLIEEZONS,

Clomeprop 3N TT VLT YV T S ¥F—¥ %
MU TET 3 FIKER#HY TH 5, DMPAKEILT
AIEDBHISNTWBE, %71-#hHEE (clomeprop) d
EHEMPEOLINTWS[64, 65, 110, 114], L
LEAEOMEOREED S, clomepropldiE¥EN THlzK
HMEISNTDMPAL o7, FIDTA—F¥ LT
Tmah, A—F vy UEEERLTOSAREELEV &
Bbhd, g/, =5 Vv EREERR T, DMPARL
HEBLOZF VU EERLED 2, clomepropidll
ORI s 2 F v U B ER LIED 12 (Fig. 2-6,
2-10). = F vV EREEER X, BEESROABPTIE
$, TBEHDABPADEANE &L 2> TV B HHEN:
BEOLEZBNTYD (FEAREVRILRLNE, B
HEERL, FE). L, clomepropEHEHEYIzLF

VVERREEERERTOTHONIE, BBEYETH S
clomepropidDMPA & ) & &5 i HEYIMIFEAICE D &
Fhaicw, IVESABEABPLES LT LD,
DMPAL Y y ERic = F Vv ERERELED 5 D
DrEZLNB, LiLiss, EEziE, DMPALLE
D FHclomepropk b bERHIIC = F LV VEREREEL
o, ZoxF Vv EREKE CTORMES, LD
“clomeprop i3 #H ¥ & A Thnzk 4> f# & ©L TDMPA &
Bolztg, FIHDTA—Fy e LTEERSN, A —F¥
VIEBERL T BAREELE W LW IREXRT
3HDTH5, LpLehs, KPR TT- B
BALEY R AW REAEERIZ ) T, ZOABPHEY I
F—F Y UREETH oI LT Y, BEIDZEE L
BL B EBCREREEELL Tw 22 2ELD 5
ZEMBTERVY, SHOFEL LT, ZREBOENE
bE2HERTI2LENH 2 LBbhd, ZEEOEEE
HIET 2 HkE LTIE, 19864EC A & 43T 72, ABP
A —FyoBPREELIBOaI Y7 3 A—va VELE
A=A~y PVTHNZEDHESH 5 [104].

2—5 B §

Clomeprop 3 EMHEATT U NT Y NT S5 —XIZ
X DA ENDMPAL Y, X DA —F ¥ UF
HETRTIELNTRRINTWYS, LrLkdS, clome-
propEEBA —F VY UVERETRT LI DOV TORKRE I
+awiz IR TV, £ 2T, clomepropE B84 —
FYUMERERTHE I pERAND DK, BREREYE
HER, Br DA —F v UEEHR, FREELOL —F
VUERDZAREHEESI N TV AL —F ¥ VIEEEH
BroHamtaBREiTY, MAkBREYTH 2
DMPA, A —F v IEHEOIEE Lz, JAAENAA, 7
VFLF—F U THBPCIBE DK #1To 72,

(1) drvEway, Y+ ) COERBERBRIBL
TclomepropiiDMPA, IAA, NAAX VB4 ER
EEEER L,

2) RENLEL—Fv  EERBTHS, bUEDO
VT EBHREEGEERER, Yo THREEER
R, =F VvV U EREESEIC BV TDMPARIAAR
NAA L D  RR{EWS, clomepropdk D & EWiEME
Lz,

(3) ClomepropiZ R EELOA—Fv Y ERHDR
BRLEEIN TV A —F Y U EEEEEICA —
FU UL LTHEEBIN o205, DMPA, TAA,
NAA, PCIBizgaka i,

U EDER LY, clomepropBH A —F ¥ U EHE%

REF, bLAFRLTWwAELTHHFERHFL, HEY
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TEAFRZFIREMES 8525

AR TDMPAICINAKRMEE NI- BT —F ¥ VIEAE
BECFA—F I LTEEIN, £ —FY U
2RL TS ATREEDE O, -

3% Clomeproplct 3412 CE4ADHER
EADIF L ORE

1K &

BREFLEIC X VS OEY» & = F v U ERHMEE
ANs ey, LEipoHmisshtns [1, 4, 31,
33, 34, 35, 43, 66, 76, 77, 79, 88, 113]. #oHT
$2,4-D, 2,4,5-T, picloram, dicambaZED Wb %
A —F v UBEREANL, = F VAR EERICEET
5[1, 5, 33, 34, 35 74, 76, 77,'78, 79]. A —*
Y URRERINFET B L F VIO TREEMES
EHoh, =5V UBERBRECEEFNELEG &K
ZLTVRDTREVWI LT IHEDZ LI TS
L1, 33, 34, 35, 43, 76, 79], REwA—F v H
BREXIOERLZERRTHS DIz SR TRV, FEIR
7% T, Heap& Morrison [36] # L TPeniuk s [89]
{¥picloram, dicamba, 2,4-D, MCPP, MCPAZ D
A —F v CRRERICE L CEIEERFOwild mus-
tard (Sinapis arvensis L.) DNA A ¥ A FHERWIZL,
By L B2HONNS ¥ 4 7B T2,4-D, dicamba,
picloram®D BN, BT, KBk RkELERT Db ok
Vs, BEEO D ORBREFINMESICENIEOLDOLY
bEHEL D FVRERT L EBRLT, % 72Gross-

mann and Kwiatkowski [29] %, 2,4-D<°quinclorac:

DEBMHBR L =7 v ERE L ORI, FEFECE
WIEDOMHBEEM® (r =0.92 (quinclorac), r =
0.93 (2,4-D)) BHBHZELEZRLTWS, LizdHoT,
SHREIE ST —F v VARBEROFERLzF LV ED
BHRZFEHICART L SLESH D L Ebh 3,

BH;, = F Vv RREOEH, EEOEL, EFoR
HE, BEEYOER EMMEOBREEHRH T E R LE
ELTERE NS, MENGE, E&BEA 4 0MU¥
FHNIC & 5%, HYRRES YAV ADRBE, 2RO
Bk, BRBEELZEOMLILEZAMVA, ZLTE5IZH]
DRNVEYTHEA—F VA b AL = eCa?t
DOREFMEBICE > THERMEESNE Z LBHONT
w3 [3, 149].

Fig. 3-13BAEHEI N T WS, =F Vv U EEHRE
EXFA=VERTH D, BEEMTE, =F VXL
(AdoMet) —
1-aminocyclopropane-1-carboxylic acid (ACC)—eth-
yleneDEB TEEK a5 [147]. AdoMet—>ACC~AD
KX ACC synthaselz k& » Tl & h, ACCo=F Vv

methionine — S-adenosylmethionine

CH3S
CH, OPOH

CH »-S-CH ;-CH ,-CO-COO"

7 —=
2-Keto-4-methylthiobutyric acid
OH OH .
Methylthioribose-1-phosphate \

CH,"S
ch. OH
CH,-S-CH ;- CH,-CH(NH,*)-C00"
Methionine
OH OH
Methylthioribose
CH,CH,CH(NH ,*)-COO"
CH,"$§ ]
CH, Ad CH3$+
bl CHa, Ade
OH OH . OH OH
5-Methyladenosine §-Adenosylmethionine
(MTA) (AdoMet)
ACC synthase <¢------ Auxins
CO-CHCO0"
NH COO" NH,* coo-
< » CH,=CH,
Malonyl-ACC Acc ‘ACCoxidase  Ethylene

Fig. 3-1 Methionine cycle and ethylene biosynth-
etic pathway.
(Imaseki, 1989; Shimokawa, 1991; Sato, 1993)

UANODO R IEACC oxidase iz Ko THE S 1L 5,
AdoMet» 5 ACCNDEHURFIZ, b5 —DDEFME L
C5-methyladenosine (MTA) 234U %, MTAIZ4fEE
, HRMEE R CH Umethionine i B#1& 115, meth-
ioninelZATP & KiG L TAdoMet2HET 2720, 2D
Bk o3EBI T % £ ATPO G 35 < FR U AdoMet 23§t
wIhTEvIF Vv EREESMRIEhE 2 TR 3,
BB P CRACCR = F v ikR#EshsE»v T
% {, N-malonylr-ACC (MACC)izdbR#ah 3,
MACCORRIZ, =7 Vv EEGBEARED S BEIDACCE
OB B2 LTEY, 2F v EROFLHICEEL
T3 EEZSNTWT, ERLIMACCIZAEBIERA %
Bl oBRARBEY TH2 LAZShTHw3 [99].
F—F ¥ UYERIZACC synthaselEHE AT S Z &
2 & > TAdoMet» 5 ACCORIGRBHEL, HRELT
IFVVERRRPENSEZEBHsNTEY, Ei,
ACCHr oz F VU ANDEHBIZBES L W I L5
5 [46] OHFFE» SRR EN TS,
BEFBCLDIF VI DERDGEOF —F V4
HEEU L, ACC synthasetSEREEZ L K-> TW3,
19894 iz Imaseki 5 12 & - THERI B A ACC synhtase
WEFORBEEERLT S 2 LSS A, S51CH
£, Imaseki® i34 —F & ~FHHIT X 2 ACC synthase &

fEEsEE Iz & 5 ACC synthase & IXEEE(L2HME > &

BEAERFITERVY, —BOXRY 7 a—F i
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FF A4 —F v U BREH|clomepropDE S BI T 2 HT5E

WNUTRL->LRIGER2RT I EPHBEOBERII 7 u~
NI TR ADBTE R LS, MEAED—RE
EORZD, DEVRESIRETFENTHS Z L 2H
5oz Uiz, BEETIE, ACC synthaseDEEFR~ IV F
V—v 773V —2BRLTWEIENEHLLER ST
W, RIBOBEEI XV RREFHINIBELFHRLD
ZLEIREINT WS [20, 47, 67, 68, 84, 95, 154],

ERD X 512, 2,4-Ddicamba, picloramit ¥ DfFE
A —Fy VEREFICLA2BEEEIF LK
o2 IENBE ZEBRENT WS, clome-
propiZ L ATREEBICIF VU RESL TWwEhES
DIZBHS LTI W, £ 2 TEETI, clomeproplz & %
FERELzFVvEOBEERHLPIIL, 35K
clomepropfLEE» SRR E TO A I =X L 2#
ATz ®2HBE L.

3—2 MHELUFZE

R« 4 2> (Raphanus sativus L. var. hor-
tensis cv. Shogoin) BT 2 BEKTEB O E /N~ F a2
4 b ECEBEL, Zo—2F v N—(25°C/20°C, B
M (12hr) /%) AT7HEEB S ¥,
1> FBREEE:FL>DEE

FA4arEERE 1% (v/V) Tween 208 H1210
PHERE L 72, BEE (5mM potassium phosphate,
pH5.5) T 1 X10-*MIZ 4% L Jzclomeprop, DMPAYAH
(1%DMSO, 0.1%Tween 20% &) i 1 FFfEBREL
HUK, EFEREPBEEATE 2%, HEYEE 1BED
BEEHBHABBOA SR TSI AT 4 v 7Ry bZBL
TTO—AF ¥ UN—NTEFS Y, BEELOBEL
EWHAEORHERTo . 2L T, TF Vv r4EpHH
#I (AOA) DAL & = F v fEFEER (NBD) 0%
WM L Ol 2TTo 7, 2 xBR TR, EEOEEKR
(1%DMSO,. 0.1%Tween 20% &%) FCREMEL,
fuig F ~ CEFPLEK £ F— R T TEB S DO %
HIE W vz,

[x 7 v > ERHIHIF (AOA) DEIALE]

XA 1% (v/v) Tween 20 10RRE L 2%,
1mM AOABRKIC 1 RMIREME L2, ZDRE 51,
EE OIBX), %721k 1 X107*M clomeprop, DMPA
B 1 RFERE L7z,

[z 7 v AEMHBAER (NBD) DEMHE]

FIE 1 % (v/v) Tween 201 10 RIBE L1, &
e GHER), 721k 1 X107*M clomeprop, DMPA%
Wiz 1 R EAE L 7, EFEMEBEUK T - 1214,
3AT D, ABHEIO0MIDA->TWEE—H —icBLT,
FhE 2207 21000mE—H — B LTHoHNT7 7 4V

LATEH U, N7 74 vAEBLTYY Y T0.1ml
DONBD (Hifk) % E—4—DEHICH> CTHEALL., &
A L7 NBDIZEL IS L 72,
2> TFVVRHE

RO & CEFNEL 725 4 a v & ABES0mID
Aoz, 100ml b —nVE—H—KBLL, ZOE—H—%
NI T4 NVATEHL, Ju0—XF v N—NTEFX
¥, 1my ) rYrAVTHERHECE -2 —ROK
Bo ImOy A EBFR L, TFVYyEBBF A7 0
< I 7L VHEIEL,

[z F v > Ep{EHER (ETH) D35R]

1mM ethephon (ETH) %244 a0 VEFEHCA 7L —
L, 5 K7D, AHE0mIDA >72100ml b — v E—%H —
KBLL. ZOE—2—%/37 7 4 WA TERE, 7 o—
AF ¥ YN—NTEBTEY, FFEREGCE—7 —HND
IFVVEREFAIOT N T 7L DEELT.
(3> ACC synthasel& M

ACC synthasefFHEDHIE X Tsai s [128] O HETHI
FELT., HBFME L1514 2> FESS, EEI0mD 2
WIR—=F—2BAWTY) =77 14 A7 2UBET BRIz,
% 1 mloOfmHBEE®R (100mM potassium phos-
phate, pHS8.0, 4mM DTT, 0.44M PLP, 1mM
EDTA) & & b IERL, BRE%20,000 X g T2053-fEE
DL 7., EEEBEK (20mM  potassium  phos-
phate, pHS8.0, 3uM pyridoxal-5-phosphate (PLP),
0.4mM DTT) T» 55 LU dF#i L T B\ Se-
phadex G-254 7 ATHBUE L, BHE#1.5mlEDH7,
DUHEERIED 5 B 40041% ACC synthase DIEMHIE 12
iz, .

BEREIGTE U ACCRILERNCBRILAEL, £ U7
T F Vv %Lizadak Yang [69] DEETEERT B L
X v, ACC synthase®D¥EMZHIE L 7z, 400ulDEEHEE
FWE 5mlosA TV L, 30°CT5 MRELZO
5, FEEWK 500eM SAM) 100xl&EE®K (100mM
phosphate buffer, pH8.0, 4mM PLP) 500u1% /2 T
RiGZBEA L7z, 1 K, 10mM HeCl %300pliz T
RitZiE®Tz, ZONATVEENRT 7 4 VATEHL,
K& T TNaOCl# (5 %NaOClE fafiNaOH % 2 :© 1

(v/v) TERELIZHD) 20.2my Y ¥ Y TEAL, 10
B L < BERLTHS30°CTIOEHREL ., N4 T
FOKE ImE Y VY TERL, FAZu= /57
TIFVVEREERLT,
<4> ACC oxidasel& M

ACC oxidasetEMHIE 2 Halls [35) DHEKETIT-
To. BEMMBE LS4 avhoansR—7— (BEES
m) EAVWTYV—7 T4 A7 250875 &, 1mM
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TERFEZFREMEE  H525

AOA 1mlIBA>TWB20mINNA 7TV L 72, /N4
TRV aRTERAL, BT 4EM, 30°CTH
Bl FRAZu<= S5 72AWT, N7 VHOL
FUUVEMEBEOIZ R oD RERLTHLS, N7
NMERRZ2 LI X, YUY T1mM ACC#0.5mliE
AlLTz, 20134 7% —ERME, 30°CTRELZD
B, NA{TVAOILF VvV ERZHEL .
<5> DMPAICL 34 —F > FEBEAEBETFDORE

@ Total RNADZ5HY

54 a v EEER%E 5 X107°M DMPA 129043 B AL
HBLEDL, KHEDOA-ETIRAT 4 v 7Ry V2B
LT, Z0—RAF ¥ N—HNTREHEFEER., 20
T4 arEEHEY 7Y 7L, RNAFHBER %
T—80°CTHE L 72, FLEITHEN, 2 0L Th & EBER
5.0 2EBRL, 2mlpSS7 ./ — N (K7 =/ —
N, pHS8.0, 0.1%8-quinolinol, 0.2% AV A4 7L ¥
J—=n) Bz, kEBRLRE, 65°CT1~2 2[R
Bl S5k Zuuknis ominz, BERLE,
BU65°CT 1~ 2 FFRE L7, BE/AK13.5ml, 2MEEEE
F+ Y2 A (NaOAC) (pH5.2) #1.5ml, 10%SDS 3 ml
PEASIZMZ, 8L B, 3,500rpm T305fHHE L
SELTCEER2FEM L7z, SFRO7 kv A%z,
X BT, 3,500rpm T30 R LB L TE -k
Bx, 2oXEBOZunkL AL Ebick JEBERL,
B U3,500rpm TI60 HE LB L 7o, @R ERERL,
LiCl#2ME R 2 L5z, o< D & 10E LT ¥/
%, 4°CT—HE L CRNARZKERE ¥, £ U0
%*5,000rpm TAOELE LB L TRNARED 2, 20
WERIZT0% .7/ — % 2miiinz Tk->TH o LiE%®
WOkRE, BURTO%Y /—vEMZ, EEL7-5,
EEEBRWI, 1000, MERERES T 5, HEK300
plCB» LT, Zhwe3M NaOAC (pH5.2) %30xlh0
%, 361Z100% % /= EHB0ulilZ Thsdo< D
B ¥, 10H, ERTHEL 72, £ U7k %15,000
rpmTLORLELDBET 2 Z L TED, TBRICHT0%
g/ =N 1mMACHEFELL, LEERTTHHFY
W0%TE /=% 1mMR THELIE, S5 hiE
PR BV, 2UTI02MHE, BEERIETHS, B
Bk ED L, BEEREL:, '

@ Poly (A)* RNADFHAL

Total RNA 200x1%65°CTLO4 FIEMLE L, HEEE
¥ (10mM Tris-HCl pH7.5, 5mM EDTA, 0.5 M
NaCl) 780u1¥5M NaCl 20412 Nz TR/ L. 2%
H 5 U DESEER CHFELL TEWwiz0ligo (dT)
cellulose 7 L2, IBHBR 2 BE, B U A 7 A XhiT
7z, RCHHEER (10mM Tris-HCl pH7.5, 5mM

EDTA, 0.15M NaCl) 24 7.0 EEE TNz, €
THHEBEE, BEREREZHR L 2, RICEHIEERK (10
mM Tris-HCI pH7.5, 5mM EDTA) #*10mlfiiL T#
S AZHEE L 7-Poly (A)* RNA%2#H &+, Ethidium
Bromide (EtBr) CH 3 2HES2EDT:, OEDIZ
1/10FD3M NaOACEB L U1.5ZE&DA YV Fa/X /) —u
EMAZTELEBRL, —80CCTISARHMEL /2. £U7
Poly (A)* RNA®D®E %#15,000rpm T 5 43 I /0050 B
LTED, BEAKOWZEP LT, BEIXSIEEE

(BECKMAN, DU 640) % FH\>T230nm, 260nm, 280
nmOPEXELRFET S Z Lick DRIz,

® RNADESRE

Poly (A)*RNAZ1/10&FD3M NaOACE1.5E&E D
AV 7Fan=nuEMZ T LERL 2K, —80°CT15
SREIBE L7, £ U7zPoly (A)*RNA®D %E"‘x_% 15000
rpm TI553 R L BE L TED, WEK 5 ul, RNAGR
BERL6uIZIZ T X EBE¥ T 565°CTIOERIE L
7eDB, 7Hu—ABKWKE 2T/, THa—RE,
1.23% Db DO EFEHALT:.,

@ /—¥>Tovy i

@TELKAKE LIz VET Oy T 4 Y IRICDY, F
A7 4 vy — (Hybond N*, Amersham#t), &
#% (3MM Chr, Whatman), ~—/8—% %, #F R
B, 1kgDELDIEIZOY TI2REEKET 2 2 LIZ &
D, ¥VHEORNA% X20SSC (3M NaCl, 0.3M7 = >~
B> YL pHT.O) THA R VET 4 VI —KER X

R EBLITA u VBT 4 VY — EORNAIREIME

BEIC L > TREE S ¥,

B /=N TV -3

FATOVET 4N —ENL T YT L ¥ - a VER

(25% (v/v) RIVAT I F, X6 SSC, X5 Denhardt’s
solution3¥’, 0.1lmg/miZ MY 7 B FDNA, 0.5%(W/V)
SDS) DAo7NA TNy 7L, 3T°CT 4 FFEL
FRBLTAVNL TV A ¥ arEfTol, 7
a—7ELTC, A—F¥ i oTIORUANTHRIESFEHE
ENBZEPHLPIKENTWBRs-SAUREET (R
BRE ICHEMELER RNHEBEL»oEESL
72) OcDNAE4S % Bea BEST™ Labeling Kit (Takar-
a) ZHWTa-?P-dCTPTEFER L bDEFEH L. »
ATV A4¥—va B EREONA TV L E—va v
BRIZ70— 722 CITPCT—M{To 7. N{TVF
A ¥—vargEoFr4arE7 405 —ikx1SSC/
0.1%SDSH, 55°CT 5 4/, 3 E¥EHR, X0.2 SSC/
0.1%SDSH, 65°CT 1 RefEige¥ L7z, Tk DFf 0>
74—k, A A=YV T Fv—F (BEXEHE7 4
WVA) Eko¥, By MCRATERTBEEL,
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. B A —F v BRREHclomepropDYEAIEAEICBI S BT

BAS 2000 (EXBE7 4 vA) THRERGEZRIZEL 7.
¥ 1 X5 Denhardt’s solution: 7 4 2—, RUE
ol R, BSA2&0.1% (w/V)

3—3 MREEZE

1> WREEELIFL>DOHE

Clomeprop, DMPAZEIENBBIcH—) 7, F1E
OHREHE, EREAEOBARIE 525, ThidRE
LIczF VLo TRIBZERZONE S HEHANRD
7e®, TFVERMEFITH 2 AOADHTLE 21T >
7z.

ILF VU EESRDOEREERE TH 5 ACC synthaseldf

Fig. 3-2 Effect of pretreated AOA on mor-
phological changes in radish seedlings at
24 hr after shoot application of 1X10™*M
clomeprop (CMP) or DMPA.

Radish shoots were pretreated with (1 mM) AOA
and then treated with 1X107*M clomeprop or
DMPA.

BRELLTYY P&y —AY VB (PLP) ®»ELT3
5, AOAIZZOEY F*¥%—N Y vEB—ACC synthase
BEEOBREHET 2 Z Lic & Y SAM» 5 ACCAD
FHEHEL, TORREELTIFLVYOEREHZ S
ZrsEIshTwB[7, 25, 35 46, 100, 150]. Fig.
2R EHNEBZOEREECORTFEEERELZLOD
TH5, %72, Table 3-113 % DR % OB % FAAME
FERBIET 52 LIk VERELLEbDTHS, L
B4 3V FETRAESER 0T H >0
L, 10-*M clomepropfl#T13120.5°, DMPA{LIE
TIRI52. I E THIA LT, 5 1T ORI, clome
propfLE CIXEME DH 4 £5, DMPAJE TIX# 5 51
FTHEA L, Zh s DEREAEOMAIZAOA % FiL
H43Zricdy, B2TREZVWHSZ SN B EANI
Holz. ,

¥/, ZOEREABEOERICNT 55V YERAE
=X (NBD) O &2 F 71z, NBDiZxF v o284z
HETZILET, TFLVYDIF L IBREADESS
BHCcEET s8I TH 5 [13, 72, 100, 111, 112,
132, 133, 145]. 10~*M clomeprop, DMPA#L# % 12 NBD
PRUETSE L, ZhsDEAI X I2EREAEDOHK
Tz Iz sht: (Fig. 3-3). Zh o DRI,
WEINEI L > TREL- T F L Y HERBAEOEA
PRSI LTVAHRENEVI EERBLTW S,
(2> TFVHHE '

Clomeprop, DMPAfLE Iz X v, EEIZEWIZ T
FUUBERL TWEDO» 2RI, EAEOEYHED
SIEIEEED, ELASIFLVYDBERRET, £
clomepropflET%H, MHI2EH: TRz F LV EDOH

Table 3-1 Effect of pretreated AOA on clomeprop-
or DMPA-induced leaf angle change in
radish seedlings.

Time after clomeproy Leafangle (g%
Treatment  or DMPA treatment

(ho) Cotyledon First leaf
Control 24 603 £ 36 w1 22
Control+AOCA 24 593 % 42 9L £ 31
Clomeprop 24 825 % 45 "s ¢ 28
Clomeprop+AOA 24 65 & 52 u0 & 34
DMPA 24 877 £ 79 U5 £ 67
DMPA+AOA 24 wWeH & 129 210 £ 46
Control 48 613 42 12 £ 27
Control+AOA 43 610 £ 39 05 £ 28
Clomeprop 48 205 & 58 Y32 76
Clomeprop+AOCA 48 932 ¢ 53 309 £ 104
DMPA 48 1527 £ 63 509 £ 105
DMPA+AOA 43 7 £101 4502 93

The test compounds: Radish shoots were treat-
ed with 1X10~*M clomepro or DMPA.

The test compounds+AQA: Radish shoots
were pretreated with 1 mM AOA and then
treated with 1X107*M clomeprop or DMPA.
Data represent means+SE.
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Fig. 3-3 Effect of NBD on morphological change

in radish seedlings at 24 hr after shoot
application of 1X10~*M DMPA.

Plants were treated with 1X10~*M DMPA and
then transferred into 1000 ml beakers containing
0.1 ml liquid NBD or no NBD (control).

3751
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u;275 r
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g
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S
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(TOOO—O0—0O0—0
25 f R . s N
0 20 40 60
Time after lmatmsoent ( }\r 120
3751
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3251
_ 2t -
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o 225+ — O - 1x10-M Clomeprop+1x10 3 AOA
ok
<155+
C
g 1251
2 sl
5]
st
-25 L
0 20 120

40 60 80 100
Time after treatment ( hr)
Fig. 3-4 Effect of pretreated AOA on clomeprop-

induced ethylene accumulation in radish

seedlings.

Radish shoots were pretreated with (1 mM) AOA
and then treated with 1X107*M clomeprop.
Data represent means+SE.

MIFEAEARSNEP TS, 12KFHEDIREIZERL o8
nLtge, T2RE®RIKERANE 2D Z20®REA Lz (Fig.
3-4), AR TOZF Vv EIZHISNl/g FW.Tho
7z, ZhextL, DMPA (10—*M) A TIZAAEER»
5T F VU ERESHEMLUED, LEEIFETIE, &
300nl/g F. W .12 £ &L 7> (Fig. 3-5) . DMPA & clome-

—@— 1x10 M DMPA
— O - 1x10-M DMPA+1x10 M AOA

. Ethylene (nl [g F.Jy.)
U gaﬁgﬁﬁ

20 40 60 80 100 120
Time after treatment ( hr)

Fig. 3-5 Effect of pretreated AOA on DMPA-
induced ethylene accumulation in radish
seedlings.

Radish shoots were pretreated with (1 mM) AOA
and then treated with 1X10~*M DMPA. Data
represent means+SE.

prop& DX F v v ERKBIERFE D 374 id, clomepropd?
DMPAZIIAG B L 7oL T 2 L 0w, FEELHD
R E2ZRFT2b0THB EBbhs, ZLT, KEA
BT IFNCAOARNET 2 &, =F V VERENE
LT B LDFERINT, ZDZ s, clomeprop®
DMPAMLEIZ & U &R L 2 F L v BSHRERY C M5
LTWAAREES—BEE -7 L X 5.

Fig. 3-613 54 a v $hiEIc = F v v ERR{EERITH
2ETHO» %2 0E L, 48KHZICE Z 2 WEERL2EE
BELRZbOTHS, ETHRFCZENEHOLE (B8
H, 1992) & ACC oxidasefFitED#EAR [44] wkoTx
FUVERPRETZIDDEEZONTWS, ETHRAL
BLRSA a2 v 3E—EDBENSEL {HIH I THL,
R = F LV Y ERBORE LT 7208, ZORETO
A L ETHRUE O = 7 v v &3 &4, 3.19, 33.72nl/

g FW.Thot: (F—F—RIERELTWRW), Zh

X, DMPAMLERISRFE B O L F vV v BICHY T 2ETH
385, CORRITLADBOIFLYTELOELED
HREELFISEIFTILERLTVRS, &2, 20
ETHYWE T, O H—) v /2 FORBREEIR K
ol s, 200 DEERE IZETHAE TER
ENBIFLUVEDHBROIFLVITHERIENS
bOLr#EEINT, i, TFVUREE/NIERSS
074 YRT 4 —OERIZEDA TN TV 5 ARER IR
BEXhTws [49], E@RD X > ETHRFICETHES
DR LTz F VU RREIRL IS (FIZF
f£prFr ), DMPAMEIC X > TERS W ERED
IFVVERERRD, TFVIURARIBEGLIC LT
rbEz6NE, LEdoT, ZhAA—Y V7SO
HRENESAZVERIZE>TWEDOhd Lk,
ULd L, Az CizlmM ETHAE CO%HR U b #et L
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Fig. 3-6 Morphological changes in radish seedlings
after 48 hr of treatment with Ethephon (1
mM) .

TEST, SS5RETHOUHEBES L2 h—Y v
ZEOREREPENLTREELEZ OIS, Lo T,
SHBIERFGEREZ TEEEL 2R T 2 LEND
3712595,

¥ 72, DMPAQUE#H O T F L > R E OB EM
ODERME > T3 %61, ETHD X S s F v >
FEK 2N T HIIDMPA L FEREOIR 2 EL D Tl
Ve, EVLIEMLECTL S, LyrL, EdD k>
rF v OEAREECERETERLS bOD, AR
e LF Lo R RESE S LS RERTR, EEcE
PRIZTESRIFVIVERRES RS DICE, FE
CEBREOEFEZLEET S, ZiiZxt Lclomepropilt
BT, SVERRTEEOIFVVBRETSE, Zh
BDMPAR T F Vv UV ERRICERENIZERAL, NAENIK
IFVUBERENDDTHBEEZONSE, &1,
clomepropid, fiO = F Vv U HEFI LB D, f A —F%Z
HLREHEMICBREEZROL WS HAT, REAIL LT
T2 2 0 TE 5, Clomepropld, 4 2 ICBWVTE
WEETH2 L EZ >N TV 5DMPAD & FEFEMD
FENEENEPL L RB S, BZHLEEY T,
ZFOBEERFFEEIIBOI ERENTWS [141]. 2
% 0, clomeprop 5DMPA~DH &, DMPAD & fi#
BERHEY~OLBEE CHEYERZS DD, £ ORER
¢ LTDMPAOBARERE IZEZREMT G IINE L
T, BIRESRBEINS, L7zd8> T, clomepropid 87
ZxFUVURERE UTERT AT TR, “EBiRlE:
Bo” twd, BREF L LCOEELRERPHRRMBLL
EHTHBEVI I EMNTED,
<3> ACC synthasei&

F—F ¥ VHEIZSAM D 5 ACCAD KRG % filt 3 2 B

8
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%

n
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T
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Fig. 3-7 Effect of pretreated AOA on clomeprop-
induced ACC synthase activity in radish

leaves.

Radish shoots were pretreated with (1 mM) AOA
and then treated with 1X107*M clomeprop.
ACC synthase activity is shown as pmol ACC
produced per milligram of protein per hour. Data
represent means+SE.

% (ACC synthase) HEE®ERI®L I EWCLD, =5
VYOEREEEIRSIESHSRTWS [1, 33,
76, 126, 147]. Z Z TiX, clomeprop®*DMPAIZ X 3 T
Fv v ESR DA HACC synthaselF i DK IZERH
TE2HDOROPEFANL D, ERCEREEOHE %
Totz, BUEBOY A 2V THHRAWCEESER LD,
7202 124910pmol ACC/hr-mg protein® &M %R
L7- (Fig. 3-7). 10~*M clomepropLE Ci%, I/
24M5M % CIIEAE L ARE OB TH > 7203, 24K
Bb ST AELEMRASh, 48FREBCERERD Z
ODBBDOLTHZEA LT, %z, clomepropfLEETIZ
ACARIET % &, 24BFHI LA O RBURERIZMFI 2 1
7z. 107*M DMPASLE T, MEEHR» S SBULEAL
Roh, UBMBICRAKE RS PR2EHEEE TRWE
R R L Tz (Fig. 3-8). %7, DMPALERFIZ
AOA % L3 % £ ACC synthaseiF DI 7 D il
HE2NTBY, KEREMTERIZACC synthase DHE
HrUTERALTWS Z LRSS R,

%7z, & —F ¥ VEIZACC synthase DBEF 2 RN
CHRETLIENREINT VDS [154] 2 &5,
DMPAIZACC synthaseD#EF 2 RENICHKIATE S
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Fig. 3-8 Effect of pretreated AOA on DMPA-in-
duced ACC synthase activity in radish
leaves.

Radish shoots were pretreated with (ImM) AOA
and then treated with 1X10~*M DMPA. ACC
synthase activity is shown as pmol ACC produced
per milligram of protein per hour.

Data represent means+SE.

S
&8
S 4

Fig. 3-9 Northern blot of poly (A)* RNA isolated
from control and 5X10-°*M DMPA-treat-
ed radish.

Lanes were loaded with 2 ug of poly (A)¥ RNA.
Final washes were carried out 0.2XSSC, 0.1 %
SDS at 65 °C

% Z L2k b, ACC synthaseiEE 2 A & ¥ T 5 A[EE
HosE L Bbi s, |
22T, EBZDMPAR YA av Tt —Fy L L
TERALTWEDOLEI DESFVRNVTHERT LI L
L7z, A—F ¥R E>TIOR LA THREFE I NS
ZEDBHLPIZENTWB Rs-SAURBLETF2 7/ u—7
LT/ —FoNATVT 4 ¥ —varmfTolcbl 3,
ZOMRNAV ARV EH 4 EREBMEETHE I LN
BH&hE 57 (Fig. 3-9). 2% D, DMPARZS A 2>

Table 3-2 ACC oxidase activity in clomeprop- or
DMPA-treated radish leaves.

Ethylene (nl / 50 leaf discs )

Treatment  Time (hr) . .ee
Time after ACC addition ( hr)
Ohr 1hr 3hr

Control 24 036 £ 003 263 £ 009 (+227) 652 £ 005 (+6.16)
1x104M Clomeprop 24 047 £ 004 193 £ 048 (+146) 657 & 086 (+6.10)
1x104M DMPA 24 100 £ 0.13 243 % 009 (+143) 456 £ 0.16 (+3.56)
Control 4 042 £009 190 & 005 (+148) 640 % 0.68 (+5.98)
1x104M Clomeprop 48 050 £0.13 193 % 022(+143) 433 % 026 (+353)
1x104M DMPA I 090 030 252 % 0.14 +162) 506 % 103 (+4.16)

The numbers in brackets indicate the amount
of ethylene increased after 0.hr. Data repre-
sent meanstSE.

FTA—Fy Y ELTEALTWS Z EBHFLRLT
bR &Nz,
<4> ACC oxidasel&

I F Vv ERE, ACCH ST F VD RIG% 3
2R (ACCoxidase) Lo THFEEEIND Z L34
5 Tw3[55]. REPLEARFIZACC oxidaselE M
DR T 5 Z L [138] BRSO £ D ACCLr~ v
LIEINS B L dkiz, ACC oxidasedMEEE L, ZOER
IFVUBEEMT 52 E[57], E5KRBAVVicksx
F U UERDOREIC YD ACC oxidaselE DKM
WERLTWA Z L BHESIN TS [63, 94].

% Z T, RiZclomeprop®DMPAKZ X > TRET 3
F v %, ACC synthaseldEMEDEAIZIF TR <, ACC
oxidaseiHFHEDHABBEEL TWBE DRI DV THN,
ACC oxidaseiEHiZACCOHFTERBBIC E N+
VIREBMEND D RRET B itk VRD, ML
4RI OIER A UK, EOBTIZACCH 1 K
f#2122.27n1/50 leaf discs® T F v v BFE4EL -

(Table 3-2). 10*MT®dclomeprop, DMPAJLE T3,
£ 721.46, 1.43n1/50 leaf discsDigA L% b, ACCH S
IFVIUNORICERIZRI ST, BLAEA UL, AL
HASRFFEBROERFEA L THEROBERT, = F v %
SEBOMAKZIE I S>Eol, DE Y, clomeprop®
DMPASLEIZ X - TACC oxidaselEEIZB AL Tz
WHBEEDE W, — BRI F VvV EERRADS —F
VERIZACCER 2FE T2 LIch D, ACChox
FUUANDEBICIZEIR R VW E ST W3 [46]08, +—
F v (NAA) Mz X » ACC oxidase mRNA DA
DRI N [85] w5 H|ED DL b, KD
B8 L LT, ACC oxidaseDcDNAZEBEL, ZOREER
DBEFHDMPARZ LV RERNCFHE S NI E I »
PR T ALENDH L EEDbNS,
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BE 4 —F v U HBEH|clomepropDEAKEEICEE T 2%

3—1 E =1

Clomeprop % #l$2 &, EDAH—Y >/, ERHEA
EolA, HMEHELrVwoT, BEBEESS EREIZN
3, KETE, ThoOBRBRECF LV UBEELT
WEME D LORE R S a2 VEY R EEE E LT
To7.

(1) Clomeprop % 7z iiDMPALE %z BN 3, D
H— v 7 REREAEOMKIT TS v o EREE
# (AOCA) RBILE T2 Z LI X VEER LT,

(2) Clomeprop % 7z izDMPA#LE % O _EEDOER X,
T v EFER (NBD) #B0ET 2 Z LiC X
DIZIRTEIZ Sz,

() F Vv AEREER (ETH) MBIz kb, HIED
ZLWHRHAESE o7,

4) TFVv KRR, clomepropDiFE, ]2
B CIRBREER E W T control X FIRE T
botd, UKME» SR F VI EOEMBRES
N7z, DMPADBEIIZEFENE 3 R SR 2 1
BhHNLE®, 128D & ERGRE ML 7.

(5) Clomeprop, DMPAfLE Iz &L Y, ACC synthase
wEHLEI L, ACADHINEIZ X U 7 DLl
a3 I EPHERINT,

(6) Clomeprop, DMPAMIE TiX, ACChHxF 1
~ND RS Rt d 28K (ACC oxidase) {EMEDH
KizEZ ooz,

7)) /—=FoNATVFA4E—va v OfRER, F142
VYHEMZ B\ W TCDMPARR A —F ¥ VB HB D Rs
-SAURBEGFE2REL TV, 20, ¥4 a4
WERTA —F > v E LTERAL T0w 3 2 ED3HE
maniz,

bR LD, clomepropl3 &N TDMPA~ k

it L, DMPAMACC synthaseDBLETFHREZFEX
¥ 2 Z 22X DACC synthaseiFE 2RS¥, BRE L
T F VIV EREOWMES SR I LTV 2 AJREENE
v, #LTC, ZOEREINIzZFVIY, F4a0)
BRI SEBIL TS D LRI,

#4ZE ClomepropZ BEULE L 7:BD Y4 3 V3%
& 2 TORIVE AEFOFHLEBEE

—1 F @

Clomeprop®DMPA#5| & &2 2 T EFMFIZIR R
HEEE ORE I EENEE L IRPUBBRTREIRLRS
Z EBHIS T W A[110, 118, 140, 141]. Wongwattana
and Ishizuka [140, 141]1%, clomepropldZEIZEME D
&, BOAEBIEER 2R TS, RPUEETS E20D

$hE DA L, DMPA T IRERALE T & D JoghR
ERTIEEREL TS, ZLUTHESIE, EERCs
7 5DMPARE OZEZPHEYBE~NOFENCEZ b2
LTWwa EHELTWS, %72, HAS [110] idclome-
prop CEIEERALIR I 35\ TIRERALEE X D HENE D
i3, EERTORNABAE L, REAOBITHIERN
72T, —F, DMPATHORERZ DX, REETORIX
BRE L, EEHAOBITVEWHOTHL L, EE
Iz B 1 A clomeprop ¥ 72 1IZDMPA O B & »SHEYI &~
OEENELBIBBELTWS EHAILTWS, £,
Suwunnamek 5 [118] 4 T 7 7y X AT A M RITHI 2 &K
X hIEREDOREE ZHIE L, clomepropt DMPATO
WML DE L, 50 Wongwattana and Ishizuka

(140, 141] D% L FEREHRBREORBEEZR 25
BITIEeRRLTIBY, TOEBEERORERAER
clomepropE& T3 7% { DMPADQ EEHEFER L HHEE
LTw3ZEERELTWVS,

22T, KETIE, E3¥I®IZclomeprop, DMPAR
WS OWBRECBT 5 LF LV Y ORENZDOWTH
SML, SSHEHEIBTOEENHEOBR LRSS
ZEiEY, MALEROFEBEEOEZRE DTV ¥
EERROFOLYICOWTHIREB2 I L xHE LT,

41—2 MEBLUFHZE

ERHE © 54 2> (Raphanus sativus L. var. hor-
tensis cv. Shogoin) T 2 BEKTE S E/z/N— S Fa
4 b RICEEREL, Su—XF ¥ N—(25°C/20°C, B
M (12hr) /%) AT7 HE4&ES ¥,

(1> HEERECBIIEZIFL>ORE
&4 2 HRER R EEE (5mM potassium phosphate,
pH5.5) T 1 X10~*MiZ 854 U 72 clomeprop, DMPA%K
(1%DMSO, 0.1%Tween 20% &) IC1205RBE L
7otk REEREATHRY, EOEEABHEROA 727
SAFA4IRY PBLTTa—RF ¥ NN TE
By, BRETOBRE L ERMAEORIERITo 7.
LT, =F Vv VERMEHF (ACA) OFILE L = F v
VYEFER] (NBD) OBRMLEOFR L OB ZT-
7z, FNBR T, EROBEE (1 %DMSO, 0.1%
Tween 202 &) 2V CRELAEL, fuid 3 X TEH
MERX EFA—R£ETTEFS O RHEICHAW,
[ACADFT#EE]

&4 avEELR1% (v/v) Tween 20881 10MHR
L%, 1mM AOABKHIC 1 RRELE L, %
D, REELEHHR FEK), &7 1X107*M
clomeprop, DMPAARKIZ12/FEEE L 7z,

[NBDO#ALFE]
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FREAY R s

#5225

&4 a RE% 1 X10~*M clomeprop, DMPAYSIE 1=
120 IR U 7218, BRKTH Y, KFRROA -T2
TIAT A IRy PRBLE, 2h%21000mlE—% —
KBL, NT T4 NVATERLEE, ¥ YT0.1ml
NBD (¥fk) #HEALTZ.

(2> xTFVvVRHIE

FED & D WEHRRPAE Ut 54 a v ihEY
BARBHSOMIDA 57z b — L E—H —12BL, 857 4
WATEHRH L, TREROE—A—05Y Y VI TR
B1lm%EHERL, E—2—HNOZFVVEEEHF A0
SN ITICEDBIELT.
<{3> ACC synthasei&

FER AR L /-8, SERXRBLERFERT
ACC synthaseiEEDHE 2 To 7z, EXIME L7251 a
Y OEZIMmDY —7 F 4 A7 R UKETBRE, Th
ZHHHEEW (100mM potassium phosphate, pHS8.0,
4mM DTT, 0.4uM PLP, ImM EDTA) & & b IZER:
L, BRI %20,000Xg T2 EELDM L, L%
Sephadex G—254 7 A THME L, BWHBERK = ACC
synthaseDIHEHHIE I W, BHEERK L1 7VIE
WL, BERK (500uM SAM) :2iNx CRIGEBEBL
7z, 1Ef#%%, 10mM HgClL 2z TR E 1k, #
DINA TR EIRT 7 4 WA TEE L, KETTNaOCl
¥ (5 %NaOCl £ f3fINaOH% 2 : 1 (v/v) TIE&L 7
YD) BV UYTEAL, LEBHRLTH530°CTI0
SRR L. N4 T7AVHROKRE 1ml% v ) > ¥ THE
L, TFVVEBEPFAZu~ ST TEERBLT:.
<4> ACC oxidasel& :

X 2RI L 7248, ACC oxidasedEiE D HIE %3
BICEE U ERAFETITo e, BROBEL 251 3>
POEESmDY —7 T4 X7 BS0REKL, 1mM
ACABA > THBENA TV LTz, N4 TVl E v
VavRTHERL, BERTT4EHE, 30°CTHRELE,
FUVUBEMBBE RO 2R L T, YUV
YT1mM ACCREAL, Z0O/N4 TNV %2 —ER
M, 30°CTRBLIDB, N4 TVNDIF LV ERE
ﬁxanvrfaz?mﬁbk.

4—3 # 2
<1> %/Egﬁﬁhﬁﬁélfl//@&'ﬁj
Clomeprop, DMPA Z iRERALER L 724215 EEZ s h
5, ¥4 3 EREAEOEK S = F v v EEIF
(AOA) ZFILE L/ ER e B LTz, EUE DS 4 o

v OERE AR, NER24, 48R & 60 TH o7

(Table 4-1). 10*M®clomeprop %L L 7-35& DIE
AT A B 1 LR 14 2405 RS ¢ 69. 57,

48R TT2.5°L 2 D,

Table 4-1 Effect of AOA on leaf angle of radish
seedlings following root application of
clomeprop or DMPA.

Treatment  Time after Leafangle (g}
() Cotyledon
Control 3 581 # 63
Control+AOA u 593 $ 41
Clomeprop 24 695 % 69
Clomeprop+AOA 24 618 % 77
DMPA A 1517 % 65
DMPA+AOA 24 1356 £ 64
Control 48 606 £ 55
Control+ACA 48 638 4 4.1
Clomeprop 48 725 &£ 37
Clomeprop+AOA 48 67.3 % 88
DMPA 48 1805 % 45
DMPA+AOA 48 1755 % 36

The test compounds: Radish shoots were treat-
ed with 1X10*M clomeprop or DMPA.

The test compounds+AOA: Radish shoots
were pretreated with- 1 mM AOA and then
treated with 1X10~*M clomeprop or DMPA.
Data represent means+SE.

Table 4-2 Effect of NBD on leaf angle of radish
seedlings following root application of
clomeprop or DMPA.

Leafangle (g)

Treatment  Time after

(hr) Cotyledon
1x10+M DMPA . 1552 + 69
1x10+M DMPA +NBD 24 594 % 75
1x10-M DMPA 48 1860 £ 99
1x10<M DMPA +NBD 48 625 % 37

Plants were treated with 1X10-*M DMPA and
then transferred to 1000 ml beakers containing
0.1 ml liquid NBD (DMPA+NBD) or no NBD
(DMPA only) .

Data represent means+SE.

LI LREABER STz, L L, clomepropLEETIC
AOA R LIRS % &, ALEEEL 24RF [ T61.8°, 48KF R T67.3°
ERDZDHEARSOLTHLTIED 54, IMHI S5 ME[
Ron, 10*MODMPAZIRERAE S 2 &, AEE24
KR C151.7°, 48R5RIT180.5°L R D, WA D ¥ 4 a2 >
BT EELVWERMAEOR KBRS,
DMPAZLERIC AOA % ML § 2 &, MIEURERE T
135.6°, 48KF[C175.5° £ &2 1, ®13 Y DMPAIZ & - T3]
SHE 2 AN 2 EREAE ORI P LMEH & 1L ER S
Bohi, ZhsOfERIE, clomeprop, DMPAMLEE
WEWEAEDOBANEZ 225, FRIIIFLVUOES
BREMZAZ I VIHERE ZER2RLTED, &
DZEPS, ZhoDEAICL > THEESINBZLFLY
DRI AL D FERRRE A B DA BES L T v 5 ATRE:
BEWVWI EBRREBENS,
INSDEFBSFET L LF VLo CEMBIAE
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BE 4 —F v U HRER|clomepropD EFAESRE ST AR5

DEABRI o TWELEI PRI SIHRT 5129,
T F v YEFAEEHR (NBD) OFNE 51T 57, SN
DA a2 TiE, 24, 48RRI & /960" TH -
7223, 10~*MODMP AXLIE24RE %% T155.2°, 48BFE# T
186.0°1 £ THEMNL 7z (Table 4-2). L#»L, DMPAIR
LRI I NBD R AL % &, JLEEGR240FR, 48R &
LEI60CICE T A N, ZDZ kik, DMPARIALE
Lo TRETBIFVIUBITF VU RERCHEHRK
BB HE, EFEAEDEARIEI SRV LZRL
Tn3,
2> ZFLVrRHE

Clomeprop, DMPARRERLEE AR T S L F L VK
HEDHIE 21T > 7z,

10~*M D clomepropLi iz 38 V> T12FFE% £ TIXRL
HOHDELIZIZEETH- 208, MHEURE®BIOLT
M LUig s 7: (Figure 4-1). %7z, clomepropfLi
HNCAOARME S 2 Z LIz kY, =F Vv BOEMIIH
z 5. DMPARUE T 3 &, MBEEED > Z#E
FUUBOEMMBA SN, SFFHEBCRAMEIICEL .

(Fig. 4-2). DMPA/LERTICAOAZNE T 2 &, =7
v B OBINONE &, AOAL T 7 L > A RHIFIF &
LCEBIIEALTWS Z LRI N,
<3> ACC synthasel&Mt

T T T T | —@— Conteol
Control — O - Control+1x10 “*M AOA

B 8
@ a
T

<]
o

Ethylene (nl /g FEW. )

5| ]
O—O0——0——0——0
P e

0 0

20, 40 60 80 10
Time after treatment (hr)

T

—@— 1x10-*M Clomeprop

2751 71— O - 1x10"*M Clomeprop+1x10 M AOA

Clomeprop
257
1751

5[

Ethylene (nl /g F.W.)

5[

» ]
W

25 A
0 20 40 60 100
Time after treatment (hr)

Fig. 4-1 Ethylene evolution from radish seedlings
following root application of clomeprop.
Radish shoots were pre-treated with 1
mM AOA and then treated with 1X10™*M

clomeprop. Data represent means+SE.

IFVVESROEEEESE TH 5 ACC synthaseiflk
BHEIE LTz, D 54 o > ZEIEHTOACC synthase
EHOEKIIRShE oD L, clomepropfLE

10—M) Bzl bFrhEAIER I i (Fig.
4-3). %72, AOAMLEIZ XV, Z DERIEHEASPR

DMPA

—@— 1x10*M DMPA
—O - 1x10-M DMPA+1x10 ™M AOA

]
o
T

:

Ethylene (nl /g FW.)
g B g
v w o

o]

By zlo 4.0 60 sl(p 100
Time after treatment (hw)

Fig. 4-2 Ethylene evolution from radish seedlings

following root application of DMPA.

Radish shoots were pre-treated with 1

mM AOA and then treated with 1X10™*M

DMPA . Data represent means+SE.

30 —@— Contcol

Control — O - Control+1x10-3M AOA

ACC synthase activity
(ACC pmol / hr. mg protein)
-
w

0 20 40 60
Time after treatment ( hr)

30 T T T

—@— 1x10°*M Clomeprop

Clomeprop — O - 1x10" M Clomeprop+1x10 -3M AOA

8

»
S
T

-
o
T

ACC synthase activity
(ACC pmol [ hr. mg protein)
-
w

0 zgimeaﬁ;oheatmefx(l\r) 80

Fig. 4-3 ACC synthase activity in radish seedlings
following root application of clomeprop.
Radish shoots were pre-treated with 1
mM AOA and then treated with 1X10™*M
clomeprop. ACC synthase activity is
shown as pmol ACC produced per milli-
gram of protein per hour. Data represent
means+SE.
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Mz ohsfERCH->7, DMPA (10*M) 2 MET 2
&, MEESD S BBMBEERAL S S, 8FFE%KIC
BARMEWCZL 7 (Fig. 4-4), 30, AOAREYT 3 Z
LD ZOEMEERBIMHI S NIz b, KERSE
T, AOAIZACC synthaselEME2HIEIT 2 2 L TS-
adenosyl-L-methionine (SAM) » & ACCO Rt %[HE
L, ZORRELTCIFVUVEREPMZ TS Z L5
manr,
<4> ACC oxidasei&FE

Clomeprop (10*M), DMPA (10~*M) RIZRALEIC L
D ACC oxidaseiEEPHEAT 200 E S hEFH R

(Table 4-3). ACC oxidasei&E M iZ ACCHFR BRI
ENRIZFVIREBRENZOOLEPHET A2 EICE
D3RO, FEFNE2URFEER DM D 5 1 2 >~ FEIEL
WACCREINT % &, 1FE#%I2122.07nl/50 leaf discs

—@— 1x10"*M DMPA
1 —O - 1x10-*M DMPA+1x10 M AOA

ACC synthase activity
(ACC pmol / hr. mg protein )

o w o w @ m
Time after treatment ( hr)
Fig. 4-4 ACC synthase activity in radish seedlings
following root application of DMPA.
Radish shoots were pre-treated with 1
mM AOA and then treated with 1X10~*M
DMPA. ACC synthase activity is shown
as pmol ACC produced per milligram of
protein per hour. Data represent means=+
SE.

Table 4-3 ACC oxidase activity in radish leaves
following root application of clomeprop

or DMPA.
Ethylene (nl / 50 leaf discs )
Treatment Ti :
rea tme (o) Time after ACC addition (hs)
Ohr thr 3hr
Control 24 041% 001 248 £040 (+2.07 7.91 2 107 (+7.50
1x104M Clomeprop 24 048 £ 001 244£047 (+1.96) 7.08 £ 0.90 (+6.60)
1x104M DMPA 24 046 £0.01 235£049 (+1.89) 4.70 £ 0.91 (+4.29
Control 48 041 £003 212 £0.63 (17D 759 £ 0.05 (+7.18)
1x104M Clomeprop 48 048 £0.09 203 £029 (+1.55 5.38 £ 1.01 (+4.90)
1x104M DMPA ] 056 £0.02 186 %032 (+1.30 483 £049 (+4.27)

The numbers in brackets indicate the amount
of ethylene increased after 0 hr.
Data represent means+SE.

DI F Vv RBEMBPFD 5Ni-23, clomeprop, DMPA
MBI X R L, 1.96, 1.89n1/50 leaf discsDIFA & 72
D, SALE L IZIZRABEOEINTH . £, ACCH
3 B TIX, SEAE, clomeprop, DMPAMLEIZ &
F5xFVEDEKRIZEL,T7.50,6.60,4.24n1/50 leaf
discs& Y, =F Vv UEOEMIES>NT, L AMHE
EhTnie, FEFABASKER T EREIC, clomeprop,
DMPA#LEIZ & 5 ACC oxidaseiE DI D >
ol

I— £ B

Clomeprop|3 ZIEMEE » RMLE & TEBFIHIRIE
ORBEVBLEDERL I BN TS [118, 140,
141], F@wmToviBRIz X o, EENMETRIEDEL
EENMFEINR 2708, RENET 3 & 2 ORI EL
35, FlKxtic, DMPARRRIRALE T L Y BV EIE %
KT LHESNTWB[140, 141]. 2 L TABHETHRE
KROERBR SN, RETIE, ZIENHE, REROER
TOEROER L F VU ESRRZPEE L THESB XL,
clomeprop, DMPARIRALE I & % ZEARE A B DA,
¥ v Rt E, ACC synthaseiFi, ACC oxidaselE it
ZHEL, 3ETOEENHEOBR L OB 2T 72,

FHINEIC & 2 EREAE OB ARICDOWTIE, clome-
propid EEME T L YV KERFR L L /-5, HIFULE
TIIRAE L IZIZFRBETH -7 (Table 3-1, Table
4-1). DMPATIZZEIENIE T & {RERALE T b clomeprop
DEFNFE LY bEORB A STz, RENET X

DIOEEER LTz, LEHAL L Zh Zh DB DS
OIS DBMRIIATO L S RIHE 257z,

(DMPARERALE > DMPAZEZENEE > clomeprop¥ZE
ALEE > clomepropiRERALEE = SE4LEE)

7, TFVUVEREBEETO EROL S RIEFERY,
ENHAEOHAOBRE L LF VvV ERE LR, B
BEL T3 2 EBNHE SN (Table 3-1, Table 4-1,
Fig. 3-4~3-5, Fig. 4-1~4-2), WU EH D F 1L >~
&R TId, DMPARZALEER > 5 R8I, LrbFRIC
IF VY BERL TWIz, clomepropiLiE Tl L%
DREMETRIELAYZFV V&Eﬂib&i)}o 2. =1
VR ez F v o2 ER LI BENIZ R Do Tz,
Wongwattana and Ishizuka[141]i%, ¥4 2 > iZclome-
prop % 4B MR BEAE T 2 &, MEKTER BE
Bth 5 24FfHIR) DEZERHIZ T TIKDMPAREFEL
TW3ZERERLTWS, KREETidclomeprop%12
FERARERALIE L T V> 3 %%, Wongwattana and Ishizuka

[141] OEBRERT 2L, TF L VESEIMLED
7z, WLEEIR120%R (REBALED & 24BFREIE) TIIEZES
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B 4 — % v U BEIBRER|clomepropDE I KSHE - B 5 2 7%

HIZDMPADSFEEL TWB B TFHIEN S, Lizdio
T, ZZTOEBRTRWIEEzclomeprop DMPA®D
IF Vv U ERBIBREOFY, “clomepropfLE Iz X 3
TFVERIZEFZDMPARERL TWwW3” L v ) EEH
EXFRT2H0TH S, WEHBBKHETOLF LV AR
ETHET % £, DMPARESALE TI3226.3nl/g F.W .,
clomepropfEflE TI1x11.8nl/g F.W. &b, #9208
DOEMER S 7., Wongwattana and Ishizuka [140]

%, clomepropiZiREid & EEILADOBRITH L0 LR,
£LTWw3H, clomeprop® Z DIEWEEITH: IR

BO2HOFEEDEESIELILTWEbDERb S,

% 7z, clomepropEZEME 2B IO L F L > Ei3148.2
nl/g F.W.Th-o iz, RENET2EFHE TI321.8nl/g
F.W. %y, EZENEEBEOHNL/TRETH - 7. Clome-
propEEEH» SRELA RN ENZ Z MO T
% (118, 140] Z &5, ZOFEFEWIRINHclomepropE
BB TOIF VY ROYAEF SEI LTS LED
Nz, %72, clomeprop» 5 DMPANDMED FIZFERE
TSk [118] b FEZFERDO—DOTHB Lt EZ
s 3, Wongwattana and Ishizuka [140] 13 4ES 0t
T 2EM L ZEERHODMPASE L ORICIZEWIED
RN H B Z L ERLTEY, EESVA—FY %
BRI 2 EEER%E ) 5, DMPAMSclomeprop®iE
BRETHBHEEEERL TS (B 2E), £/, b
D X 512, clomeprop, DMPAMEIZ L 2z F Vv D4
R L ERE BT 5 2 KOB OB R ZE 1, R
MET L VEZCHENTZS, I IiEDMPAdclomeprop
D LIRFErSLZHmNINEZE, ZLTHRELER
AT H b EFEIABITT 5 [118, 140] Tk L
SLTw3EeBbhns,

% 7z, ACC synthaseiEEDHIEIZ L D, BENHETY
ACC synthasefHEDHERIZ & > T F Vv Y EEEIME
EEINBZEWRENT, ThoDIehd, FERT
HELLRPLEROEERY b, DMPA#ACC
syntaseiEE 2R T 2 2 LIk o TAERT 2 F L
WEDFIERBIENRTVLE bD LRSI,

ZLT, EE BTAEBCBI2EREEDOEED
ERIziX, ¥, B Tcoclomeprop, DMPA DY,
BT, AHOZEERT 2 EZERHODMPASEDES
RESHEL W2 bDEEDbIS, ZDEFERHTO
DMPADERRMOEZECEN L ENBERMICTF L~
EHRORN, RENLZEZ2HE, PEREOREEZY
ELZETwsbDEBbhlz,

1—5 E 5
Clomeprop®DMPA G| X 2 T ABHEISERE

RERLE ORI ETENIEE » IR EE TARE(ER S
ZEBHISNTWS, ZLTEZOEREES, BHTD
AEAOPIN, BT, RMOER Lo TF|ERIEN
%, EEHTODMPARDEICERAL Tw3 LEES R
Tw3, KETIL, clomeprop, DMPADIREZRALE I IC X
EEBREANDTZF LV OEGICODWTHL»IZL, &
SIEIBEOEENEBTORBRLHERL, = F V&G
R EEE U-HAMEROTEREEDERORRER
WOWTOHIRER/RS Z L zHBE LT,

(1) Clomeprop*Z2ZENH T2 L, DA -V > I
EOERMAEOHABRE S nizbs, IREFLEOE
&, TheDfERRbI»THo7:. —F4, DMPA
PIREAME ST 2 &, EENBL Y SEEELEDH —
Vv 7REREAEOEASR S,

(2) DMPA %R/ L - IR EEEDIER
X, =FV UERBEER (ACA) OFMETH T
w2, =¥V ERBEEA (NBD) OOz & DB
ZFiiiz iz,

(3) ClomepropiREBMEHZ D = F v U RHEIZH T
IR LT 08, ZEEWEDOSHE LB L T1/T1RE
Thotz. 7z, EEMNEDEFS, 7uxsuy”
EDMPA®D = F v AT R, KK ZED
HbTPTHBDIIH L, REBALE TIZDMPAS LY
BlxF v EReFHEL, = F VvV EREDEL
{&poiz,

(4) ClomepropfREfsLE# D ACC synthasel&E X b

THIHEAR L7208, ERELBEROFERL VE» o7,

—7%, DMPA#LEE# DACC synthaself{iZclome-
propt BT 2 L D E <, $REFMELID D
BB O HE - 7z,

(5) IRMNIE T b EIENEFERE, clomeprop, DMPA

BACCH S LF VU ANDORIGEZDLT HIZHEL /-,
D % D ACC oxidaseiFHE DB AR5 ERL I & &
oz, '

IheDZ s, RFUETH EWDMPAMBACC
synthasefE# K &€, ZOREEEMENICZF L
VEBT S L TCHBRERSIERBILTVWE DL
Zahiz, &7, ZEELRTVEBCRL 2 ERBEED
BEOE1X, EE, R T0Oclomeprop £ DMPA D%
N, 817, RMOEC LV ELCK, EERFODMPAE
DEPRELFEEL TS D LEEIN, ZOERE
WHEODMPAEDENS L F Vv ESFRORR, BiRE
2EA, TOMRELTERBREOBEZZ25|EEIL
TWAAHEEL R,
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#5%E DMPAMEKICE X s 2 ERER
HADzFvryoiEs

5—1 B B

Bo2ENSL4EZ TOWELKRED» S clomeprop,
DMPAMEIZ L Y, ZBDIFVUBERINBE Z &N
o572, HICDMPADEZSIIMHEERZS, X
DREOZFVVERSERI o, £z, A—F Y UH
BEANC X 2 EFMERIR L = F v o ERE L ORIICIX
FEEICEHIEOHEBERFE (r =0.92 (quinclorac), T =
0.93 (2,4-D)) 23H 3 Z eFHES N TS [29] T &
» 5, clomepropfLEEDEEIZOWT, TN E TR L
T &I EMORBEREUNOFE~NDZF L > DRE
WOWTHRE L TWLNELHE LBbN 3,
ClomepropiR LB H O HBED— D ERE DORRE
Bh5, A—F v oRRERLED & BRERHEE TO
AA = AL TOMRHRE R, BEZTRIEEAY
REqNTHWZEWE, EYWRLVEVELTOZF VI OE
BERWECBWTE, =F Vv BEOEEE2HEAS
BB rERREINTWS [22, 23, 42, 116, 117].
Suttle and Kende [117] i, =F Vv DY VEEV
NVEBERVERLIERIVEOERELEDLILE
WL TWwb, ¥72, Farager and Mayak [22] 1%, /v
S DIV S BRI B LN A 4 v ORESREI 5 L
B2ROWIELEH, ZOHERBIFF v U EKBERI(AVG)
DI F VI ERBEER (STS) OB X VBRL:Z
EERRLTWS, E52Hs XBEfFETn, =5V
VAL X 0 BEIEE OYEIREIELT 5 2 L S
»Izl, 2L b ZOEEBEOERBEDOHKIZES
LTWwa EHEELTWA[23]. £/, =F vyl
PRRTAEHRECLES T I EICLD, BEECE
{t2b7:5 L, BREOCEDOBAEEZERKEETNRED
TREVWHETBIRH S H5[103]. & 5w Tucker s i
IFVYOBEME-T, ¥V T—¥, HBVRERIY
S FanF—EYEEBERTEIEERLT WS
[129, 130, 131]1%3, Zh o DEEREEDHEKIC X 2
FaEEDEE Y %72, BEREORECESL Tw 3 alREH
yEL>NB, —F, Koos[60]1F, 4 —F v ERE
#IT¥H % quincloraclBE D BREDRHOBE 21 %
(BN b (BifE CHEL, BREot
I CRICERERENEML: 2L ERLRED, TiZ
B OB BIE S N B0 IR 2 EETH 5 ReH
BEVWIEETRLTWS, Ly L5, quinclorack /i
EWECZA—F Y U ERAERTY, 4 ARHEYTIR
A—F Y UVEEBPESHICER ZERABBER O LS

MonTwa[6l, 62] 2 &5, clomepropLEEOD[L
EEYCOBRE ORI E L 2 RIS HE TR WA]
EEb H B,

22T, AETlIclomeproplEZDEECBIT S
FULryOREEISICHAT LI EHBEL, B
clomepropiz & 21BED—>Th 2RI » o DERER

HIEEL, TANOIF VY OBE DOV THAN:.

5—2 MEELUHE

TEHE . 54 2> (Raphanus sativus L. var. hor-
tensis cv. Shogoin) BF 2 BEATESE/z/N—3 F a2
S4 b ERICEBEL, Ju—XF ¢ N—(30°C/25°C, B
fE (500xE/m?/s, 12hr)/%&[H) WT 3 HHEEE S ¥,
1> EFRERHEARORERE

&4 a VIR 2B (5mM potassium phosphate,
pH5.5)T1 X10™*M, 5 Xx10°M, 1 x10-°MicFHHL
7‘3010meprop, DMPA%# (0.5%DMSO, 0.1%Tween
202 &T) WCIHBEL -8, REEHEEKTHEY,
R0 D 2REKISMDOA 5 7z E— A — B L 7.
70— RF v UN—NT—ERFEERT S B,
E—d —HNOBSEEE*»EREGEEN (BRILEILE,
Model AOC-10) 2HWTHIE Lz, %72, FRCER
DEFT 2 TOFMIRET 2HROKLHEL 7=,
1T, DMPABEMME r =5 v U IERAHERTH
NBD & PPOH DA DFER & DL#R 21T > 72, % 75t
BT, 71 2 RBE% LEE0&EE®K (0.5%DMSO,
0.1%Tween 2025 %) TUCREMNEL, fIZT XTE
FIEX & FA—&G T CEBT S DR AIECHW .

[NBDO#ALFE]

74 a ViR e EEE FRK), 721 X107*M,
5 X10~°M, 1 X10-*M®clomeprop, % \» IDMPA%
IO IR L -6, REEBRATE Y, HYEZ
BRIAD AT E—F—B L, £ %1000ml E-—
HA—RBLTLO/NT 7 A NVLATEHL, 877 4 VA
PELTYY Y TNBD (&) 220uliEA LT,

[PPOHD#MFE]

F4a R EERER (HRK), 721 1 X107*M,
5 X10-*M, 1 X10*M®clomeprop, & % \»iZDMPA%
W0 BT L7218, REEH/RATE Y, EYEE
1 X10"MDOPPOHH1I5mIA > 7. E—H — 2B L, —F&
R I BESEGEE L AIREOHE 21To /2.
2> MEITEMT

¥4 3 ARBEEER TEX), 7231 X107*MoO
clomeprop, DMPABHKIC 12K BHE U1k, BEE2RE
BUKTEEY, A0 T D 2 HEK0mIA -7z E—
H— LT, —EEEES, ©—F—NOBEUKE 5ml
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R A —F v U BEBREHR clomepropD{E A B3 2 5

TOEML, BRKOEZ &> TERYOLEZIT> 72,

k5 mlESME7 7 A 2w L, HNO; 1ml& H,SO, :
HCIO, (1 :1) 1mlZ2inz, X<ESL TS
DIIEAL 7z, BESSHIAD T 5 & 5 100N L,

BRI 5 B IE L . stk ThICHEEK 4l
P THMESTBOY Vv L., BESHESS
X2 FHSHIEE (Nippon Jarrell-Ash, ICAP-757
V) BHWTTo . RGBT OMEY Tho 7.

RN 1.2W
72— MHRA 161/min
TITRRH A 0.61/min

FyrUT—HRX (TLTV) !
No. 1 1.5kg/cnf, 0.91/min
No. 2 2.0kg/crf, 1.01/min
No. 3 3.0kg/cr’, 1.11/min

(3> TFL2HEHE

[Eks & D F v > HE]

(1> LFR—OEBRFHTERMLEL 1251 3 »YHE
PR T D E—H—ICBL, 2 E—4—7F D1000ml
E—f— B LTNT 7 4 VATER L, —ERRE%R
CE—A—HNORERZ 1mlT>FRL, FA7u<t
ZI7TCIFVUERFPHEEL:, 7, EEWRTNEL
T DEMBRE L,

[GIWiR D & D F L > IHIE]

EED X5 CDMPAMLE L 72 51 a »5itEY O F 1R

PEIMEETT 2emD & 2 ATYM L2, #OFIKIHRI0
AFOBEEUK 1 mlD A - 7220ml 34 TV L T8F
TANVLTEHL, NAT7NVHOZFVVERETAY
o ST TCHIEL, £, BEWRTHOELLDD
EREX & L.,
(NBDO#ALFE) . LD & 5 DMPAMLE L /- YIHT
BENLTLVEBLTNS 7 4 VATER L%, NBD
(F) % 1plEAL, —EREROZF VvV EEZH
EL7e,

(PPOHp#412) . LEED X 5 DMPAME L 724]
KiiR % 1 X10-"MOPPOHS 1 mlA - 7284 7 VIRIZF
LTEH LI, = FVBOHERTo .

4> NI TN—§fh

54 a BRI R EER FHRK), 72131 X107*M,
5 X1075M, 1 X10-*MIizFg&LIL J=clomeprop, H % Wi
DMPAEIZ 04y RIBE U 721, REB2REUKTHEL
T OiEMEE S 7 AT 4 v 7Ry B LTERE®
7o, —ERERCEROER S SmEYIVRY, Xty
FTFVNRS— b EizDH, 0.3% (W/V) ZNVRT
N—REEEE 1 EEEL, IN—F T ALY, BE
BEEEN & £YEBSE (Nikon, MICROFLEX AFX

-IIA) THREL THSBEEBE 21T 7.

5—3 & B
1> EBFERHEABORBEHRE

Fig. 5-1i% 1 X10~*M®clomeprop, # %\»{ZDMPA
BRI 7:B05 A 3 iRy o OBEREORH 2R L
725D TH%, DMPAME T, MEEEKD S BB E
BEEDORE»A S, I6RFRIRICI#I80LS/cmic & TE
L7z. ClomepropiLEE T IX LI 2005 & Cl3 AL L
HEDEDL SR oTh, TRLUEZ® 2 0MEML
1B, 96REEIERIZ 1ZHI354S/em & Tk 5 72,

Fig. 5-2iCi¥DMPADEE t EEERL &£ O¥F %
sRL7-. DMPADEE % 1 X104, 5 X1075, 1 X10~°M
D IBRECEEE S, BEOEIMIHFVWERERL
OBELEIML Twot, 1 X107, 5 X10°°MODMPA
TRAMSZEREORENA SN, 1X10°MD
DMPATIZ® 3 iz#ginL 7z, Fig. 5-3iiDMPAD#E
B L BB OFERE L OBERHRI D TH 5,

—@— Control
—2— 1x10*M Clomeprop
#— 1.104M DMPA

4

2

Conductivity ( S /cm)
|5

N . N 2
0 20 40 60 80 100
Time after treatment ( hr)

Fig. 5-1 Electrolyte leakage from clomeprop or
DMPA-treated radish roots.

Radish roots were immersed with 1X107*M
clomeprop or DMPA for 12 hr. Data represent
means+SE.

~—o— Control
— 1x10~“M DMPA

- 5x10°M DMPA
4 7™ 1x10°M DMPA

Conductivity (S / cm)

0

0 10 20 30 40 50
Time after treatment ( hr)

Fig. 5-2 Electrolyte leakage from DMPA-treated

radish roots.

Radish roots were immersed with 1xX107*M, 5X
10-M or 1x10-°M DMPA for 90 min. Data
represent means+SE.
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[

~—— Control
~+ 1x10“M DMPA

1" 5x10°M DMPA
— 1x10°M DMPA

-
o
T

®*
T

Number of lateral roots / Plant
- (-3
T

10 2;) 3{,) 40
Time after treatment ( hr)
Fig. 5-3 DMPA-induced inhibition of emergence
of lateral roots.

Radish roots were immersed with 1X107*M, 5X
10-SM or 1x10-°M DMPA for 90 min. Data
represent means+SE.

~—O— Control

Conductivity ( g8 /cm)

5 —e— NBD
—O— 5x10°M DMPA
—— 5x105M DMPA+NBD

1 A N — 1 T
0 10 20 30 40 50
Time after treatment ( hr)

Fig. 5-4 Effect of NBD on electrolyte leakage
from DMPA-treated radish roots.

Radish roots were soaked with 5X10-°M DMPA
for 90 min and then treated with NBD. Data
represent meanstSE.

1 X107, 5 X10*M@ODMPAMEZ & v, FEMBIZ B~
TELLAROFESEEINZ, 1 X10°MOD
DMPA&&E'N&*@@’#&:E&%% hWizi2idtholz, %
7z, ZOREFR ELFig. 5-20fER» S, BEREREORE
LERROFAERE L O RIEE B W IEDOFEBERER

(r=0.97) BFHSNTI,

Wiz, DMPAMLE#%Ic B Z 2 BfERHCzF L oB
BE5LTWwWahESIpEFNL D, =75V 1 ERHEE
#lTd 2 NBD & PPOHD#®ILE 21T > 72, PPOHRZ = F
VUBBRIESTAILICED, TFVYDREEAN
DREESEZHEFRCHEET 3 t#EES LT S [100,
145], NBDEBILE TIX, 51 I Y 9iiE» & OERER
WIZIZEE R 5 2k wis, DMPAJLE#I1ZNBD 2 %40
#9 % &, DMPAJLE I & % BRE DR & KB R
x4 (Fig. 5-4), %72, %OV IINBEBRIRFHE» S
Z o7, PPOHALE T & HERT, PPOHEMULE TIIE
BEORHICHER S 2 kol h, DMPAMER I
PPOH » L ¥ % L ALBEXE > &, EFEORKE 28D

L
4
2
E
8
g
-3
'g —o—Control
G 5 —{—5x10-*M DMPA
| —e—1x10"M PPOH

—8—5x10-"M DMPA +1x10’M PPOH
. T
20 30 40 50
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Fig. 5-5 Effect of PPOH on electrolyte leakage
from DMPA-treated radish roots.

Radish roots were soaked with 5xX10-*M DMPA
for 90 min and then treated with 1X10-"M
PPOH. Data represent means+SE.
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Fig. 5-6 Effect of NBD on DMPA-induced inhibi-

tion of emergence of lateral roots.

Radish roots were soaked with 5X10-*M DMPA
for 90 min and then treated with NBD. Data
represent means+SE.
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Fig. 5-7 Effect of PPOH on DMPA-induced inhibi-

tion of emergence of lateral roots.

Radish roots were soaked with 5X10°M DMPA
for 90 min and then treated with 1X10-"M
PPOH. Data represent means+SE.

10

&¥7z(Fig. 5-5). ZOD#ERIZ, DMPAMLEEOERE
RHEZZF LV UBELES L TWaTRBESEVWI L%
ARLTW3, .

Fig. 5-6, Fig. 5-713&%, DMPAMLEEDEIRDF
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HBE A —F v URIBREH clomeprop? fE I B 3 5 HFge

£RHE X 5 NBD £ PPOHOBMEDRIR % 72 b
DTH%. NBDRLPPOH » B 3 2 &, fEHLE L I
NRTCHROFEESbTricHIFEhIicbdrbo ¥,

DMPALE# 1z NBDRPPOH %2 £ 4LB 3 3 &, Wiz

10 —@— Control
Al 4 & 1x10M Clomeprop
1x10“M DMPA
08
¢E:. =
a.
3 06
% 04l
0.2
0.0 . .
[ 50 100 150
Time after treatment ( hr)
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3 Ca® J—A— 1x104M Clomeprop
1x10<M DMPA
12F
E. 10[.
&1
& o8}
_ﬁ -
_3 06
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0.0 L .
0 50 100 150

Fig. 5-8-1

Time after treatment ( hr)

Al** and Ca?* leakage from clomeprop-
or DMPA-treated radish roots.

Data represent means+SE.
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Fig. 5-8-2

. "
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Cu?* and Fe3* leakage from clomeprop-
or DMPA-treated radish roots.

Data represent means+SE.

DMPAMLE 1= & 2 IR 0 364 B S I3 B & L 3 RIS
Aoz, ZhosDERIZ, DMPAMLEZOEIBORLE
B EERE TS L L RIS L TVwB Tk
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Fig. 5-8-3 K* and Mg?* leakage from clomeprop-
or DMPA-treated radish roots.

Data represent means+SE.
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Fig. 5-8-4 Mn?* and Na' leakage from clome-
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TERFEZFREMRE 8525
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S 010}

0.05

0.00 L L
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Fig. 5-8-5 Zn?* leakage from clom_eprop- or
DMPA-treated radish roots.

Data represent means+SE.
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Fig. 5-9 Effect of NBD on DMPA-induced ethyl-
ene production. o

Radish roots were immersed with 5X107°M
DMPA for 90 min and then treated with NBD.
Data represent means+SE.

2> METEMT

Clomeprop, DMPA4LEE#% O EBEERHOBIC ED X
) RREEOTENRE T 00, EEEOTRORE
WAL THWRBERHZ00E I pERARS DI,
RN IRE > SR T AHMELREORAE R TT-
7o, FEFILER, FrERMEBCS A 2 VHIRBER-S T
LIBW e —EEFELL, APY, Ca%, Cu?*, Fe**, K+,
Mg?*, Mn?*, Na*, Zn**OEBMNZEE2HE L7 (Fig.
5-8-1~Fig. 5-8-5). Clomeprop, DMPA 4L # % ®

Whole plant

g

—O— Control
—@— 5x10°M DMPA
—i— 5x10M DMPA +1x10"M PPOH

Ethylene evolution ( nl/gFW.)
15
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Fig. 5-10 Effect of NBD on DMPA-induced ethyl-
ene production.

Radish roots were immersed with 5X10~°*M
DMPA for 90 min and then treated with 1 X107
M PPOH. Data represent means*SE.

AR+, Ca?t, Cu?**, Fe’*, Mn?*, Na*, Zn**OFRHE I
MU LFRBETHY, EFHLEZOERIR >R
oz, Ca?* Tk, DMPAMLEE %5 S HEME L D %
RSNz, clomepropiliE TIXENE L FRET
HoTz. £z, Ktizclomeprop, DMPAMLE® IZFH &
DR A5 Tz, EAE L EHRNBBITO I & DT
FRHEOZIZ, BERERHEETOEL VNS,
ZhiZEREREBCSEREIE L DSNAOTR LS L
TWwad, HE0EMOA A4 EYEOREESES L
TwaivEEZLNS,
(3> ZFV2HHE

DMPA, DMPA+NBD, DMPA+PPOH 4L 1z X
D, YORMBTENL T FVvoRERINLONE
B A

WE Lk S O F v Ui EIZ, DMPAMLEER
»oAB AL, ME4SKF : THEMmL S .
DMPAMLE# I NBD # (2 LB § 2 L 12BF ] £ T
DMPAMLEIZ K> TERT 2 F VvV BRICBEELRSL
2oz (Fig. 5-9). L L, 12KRLIETIXNBDAL
HIzkYy, =F VU BRHEEOMASTIHE S Wh, 48K
Mg TIREICE TR Lz, UIiR»S5DF 1V >
BHEETH, P YDMPANEESR» S RME L F 1L >
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FBE A4 —F v U RBREXIclomepropDE FIKHE 2 B9 A A5

EOMANL SN, AIRSERE T TRMLE T 7.
NBDLE Iz & 0 24658 3 T, = F v VB O EREES

KR ohis, ThlBEOTF v EREBIIH S vz,

%7z, PPOHZ&ME L TH, DMPALEIC L > TAE
B3 5rFvrE (EYGRLE»SORER) CEEY
Szkdol: (Fig. 5-10). VIR » oD F v 4R
BETYH, NESKRE E TI3IE & A Y DMPA B JhALE ¥ [F]
8T, TFVVRBICEBFEEREZ o720, ThlE
WDMPAIZ X > CRET L F v AR ENE T 2
BZHoTz (FT—F =R L Twuiwn),
(A>T R TN —Fefh

FEHUHEEOERERHE IIMEFEOBR L LTEZ -
TH2DTRRENWZ E2HERT 2720, TNVIXTN—

et T VALEER WD SHIFIZESE Z 5 D » 2N,

Fig. 5-11i%, FEHILEEOFIROMAE % 20015 CHEMSE
BELLHDOTH S, FUHEOHRY & IFRICHRES
Nk EE I s o7z, — 7, DMPAJLERE O]
BT, ARG E TREI OB I T M
RT3, MBI2EREE» S RBEINTVLS
HlESBEI NED Tz, Z ORI, DMPAREALIEL
RFEIARTIC 5| S 2 2 S h 2 BfEERH Mgzt 2R §
2HDTRREWI ERETRBL TN,

Fig. 5-11Evan’s blue dye test.

5—4 =

Clomeprop, DMPA{LE % \7#E - 2 BfERH Iz &
D &I BRERBIEATHOLONHEARS D, KETIZZ
T, EERELF Vv UOB5COWTHNS Z K
L 7z. Clomeprop, DMPAMLEIZ k. > TRETEF 1
COEREEETAFERELT, = F Vv U ERBERIT
» 5 NBD &£ PPOHO#®BE 2Tz, =F Vv EAEE
A, —RAEIDEOBERFRIE LCERASLTY
%, NBDRRHERMUME TH 5D PR THL
WZEREEEDREN D B Z &5 Na-silversulfate
(STS) BEAREEINTWBEY, STSEFEA A VIcL 38
BELESBEINTED, FHOT 7V FRAEER S
FEEINTW3[100, 144]. PPOH X FIFE T 2600
RulZllzz5 v FRIMGIR 2E T 2 KBEHEOEW
#lTdH 3. cis-2-butene (CB)NBDHZ ED Y X4 v
74 EEERTHLEME, =V ORARCIES
T250D0FVAERARREL WD, BRELT
FVUEREEET A EBHMS RT3 [112,
145]. CB®*NBDERUY XAV 74 v HEEERBT 2
PPOHIZERkIc = F vV EB 2 YN HE T 5 L #
EENTw3 [145], REOEERZFITICEL, BIFREMRS
TH5PPOH R FAICHARB T EMR» oft5 L T
7eiZniz,

DMPASLEE# I NBDRPPOH 2 LB T3 Z ik D,
T4 3 YR S OEREETR MR O F 4 E 3R,
Ao, TFVUBINSOERIESL T
%5 Z e Eni: (Fig. 5-4~5-7). NBD:PPOHIZ
& 2 BRRERE OBRBHRERMICIIZEIRD s h i,
Zhiz 2 FloEikoz (NBDIZRHE, PPOHIZHEE) @
HERLTWwabDEEbhl:, EiLvE L LTOT
FLVUOEBEHOWEIIBWT, F Vv 2 3EYHESR
DOEEAMEZHINT 2 2 L BNHEIR TS [23, 42,
117]. L L, W#EYERIcE» TRERNC LD BREIcE
b s v onEBRERE L EFIH &L BRER
ODEROEBENLERER > T3 LI HER, X
FLACIEFEEI N T WAV, Suttle and Kende [117]
i, TFVUBEDY VIEEVRVERDERL K
XD, BEOBAMEZEAZI LI E2MEL TS, F
72, Faraghers [23] i3, X#EFICL> Tz FLr o8
RS E OMEAIRERE Z, TR X > THEOEEM:H
BELEEHmELTWS, Lizdso> T, DMPAYLE#ZO
FUrEERE L OEEIZOWT L & SIRET 20E
BhirbDLBbhd, £, TFLVEELI—ED
ZVRRIFZ7F 20 —EiEEEHERKEREL LR
IR L BB R 5 L OHDH B [103, 129, 130,
131]7: 8, ZhiBFREREEDOBESIZODWTHRETL
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FTERERZFREMBE

£525

THBLENDBIEE,

DMPAJLE % 12 BFFE OIWHDHE Z 543, ZDRFDE
BoLFvrEEEDEREEB L UCYIFIRC W THE
L7z, TF Vv ZPBENTEC X - THEMERN 2B S
BEIT S ZenHohTwa [103], 2Dizs, EIER
TERINTVWEIF V2 HIRIMHEL T 3 HREME
BEZ oh, HEELELSDIF VU EREDOHIED
Toie. :

DMPA/LE# 1z NBD, PPOH 2 4LE L C &, 4LEE#24
FEzTclzFvrEoRPiERsni»o7 (Fig.
5-9~5-10) Z £ &, NBD, PPOH k ¥ Z OB TD
IFVVERBEELRWI EBERIRE, LaL,
DMPA + NBDALE T 24B5 I LARED & T F L VB OB
»a3H 5, DMPA +PPOHALE T2 48BF I LARE > & =
FUVYEDPBAL T fERBR sl (F—F—icid
RLUTWRW), AEMICUE L 7o = F v U REFENTH
mlzzF v, EoRIFLVESREREETLH
& (zFVvVBEBOBHCHIEER) 2EL T3 [83,
103]. L7z285 T, =¥ v fERAHEEHR (NBD, PPOH)
WEICEDZOxF Vv BEOECHMBEERIIZ 50
=0 b Lk, FEEICNBDRPPOHMEIIC X h =5
VYEBDOEVBR N LT BHE L L [137, 145].
%D, TOZKREEIFUVVERBEOEDIZ, KEE
4T TNBDEPPOHM =7 v U EFER & LT
BELTWBIERBRLTVEIBDEEZDZILBTE D,

INV AT NV—FREDOERE, DMPALE 12 LIRET
MpasEsssme o ht- (Fig. 5-11) #5, BFERHBIEZH
HEitash, ZLTEARZFVIERHEERL - T
BRahiz, 2%, DMPAMEIZ X 3 BfFERE M
JIFEDFERELTRI > TW5DOTREVWEERDN S,
# LTNBD®RPPOHIZ & © = F v VB 2B
5L, 4REUNE VS 2 KRR F VLRI
DL Z 5 WEERET, DMPASLEIZ & » THENI:EBRE
DIRHPEBOFEEESMZ Sz, LedoT,
DMPAMMEIZ X > THRELILZF LI ZD b DHBEY
DEBMENICEES L Tw A AJREMESM RS 5,

IFVUVEERBRORKERR T, ACCHACC
oxidaseDERIC & > THBL T F U U BERKT % 43,
O, FERFCSEOHCNSERSI NS [100, 148].
HCNBZEMMERN S B ICFET 56-YT /77 =08
BREEFE (B-CAS) i & - CEFHEINZ0T, Mia04
FEEEICERE2RIZERVHDEEZONTE R, L
ULEBRIZ e > T, 4 —F ¥ VRIBREFOREFEMEOERE
i, T F VU EROTTHEI > TERENEMNT 2 HCN
DEERTHL LT HEHELHREINLTVS [29, 30,
126]. Tittle® [126] ix, HCNO/ERERHSI ba v K

V7HDOF b7 a—ACH F v 5 —POoMBRECEET
ZIEETERE THLAREM R EZ TS, L Lids
5, KETODSA4 avieBiFsRE, ZORSI2IH
LR ok, UiRLs0zF Vv ERKEIZD
WTORER %R 2 &, 4R LARTCTIdDMPA <DMPA +
NBD, DMPA+PPOH & \» 35 B{& 54 & - (Fig.
5-4~5-5). D% Y, ORI TORILTOHCNE D [F
#:1zDMPA <DMPA +NBD, DMPA+PPOHT» 5 =
EHRFRHIENG, LrL, ZORBEACEIZDMPAL
iz k 2 EBEEOREIE, NBD, PPOHMLE Iz L H =5
VUVERODAENEET S L TER X h (Fig.
5-4~5-5), FERFICAIROFEHEIBRMI ATV
(Fig. 5-6~5-7), 2o DERIE, “4—F v VBRIFRE
FlO\EHREE, =7V TRESHCNTHS"ET S
BN L CRHEEBRIT» T2 0 TH S, EEOERI,
DMPAMLEIZ & 2 BREREPERORERE IR, &
BRLEHBHCNID B F VLV UBELBEELTWSE Z &
ERLTVEHDERDbNS, LrLEds, EEHESD
R ZITHT B 720121, S5 ICHBTFOHCNEE®
B-CASHEMZ EDRIER{TILESH 27255,

55 B B

AETiE, clomeprop® & SIZHELWER A =X A
EHENBZZEEZEHBEL, clomepropDiEtEAiETdH 2
YEZ 6N T3, DMPALEBRZIZE| &SI a3 54
I VRS S OERERE L ARORERE Iz F L v
BEEL TV IOV TORE 2T 7z,

(1) Clomeprop, DMPA#LEIZ L » BEBREBR S
iz, Ly L, =5 v AERADOHREARTH 2 NBD®
PPOHOMBEIWZ L Y 2Dz shiz. £z,
DMPA Iz L 2 AR O FEAE[HE $ NBD, PPOH I
otz shi,

(2) HEYELE»rsDOLF Vv UREE ETNRLLD
IF Vv U EIZIDMPAMERE % » & BHE ZHEM
Uiz, %7z, YIFR»oDF v U RHEETIE, AL
BH24BEM] £ CIZNBDRPPOH 2B UE§ 5 Z &I
Vb FrEmL, BARRoherolz, Th
S DEERIX, NBD®PPOHIZ LV, =F VvV U ER%
EENCHHE T 2 L, 2RO F v AR D
R 5RVERET, DMPAMEIZ X Wi Z 2 BfRHE
RESCHROFRERESTNZ ohiz 2 L E2RL T
5,

(B) TNV RTN—REEToIER, DMPAMLE
BOMEII 2R R Ic TR R ViR I e d
5, WHEEKH» S 2EEE s ERBI 3N ER

CBRH ISR Lo TElERB I a i b DTIEE
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B A —% v L BB EHAclomepropdfE I BT B HI%

WEHREIND,
M EoiER L D, DMPASACC synthase*3%58 3 %
Zrick o TEMT 35 vdsclomeprop, H5\Wid
DMPAMLE#Z IZF| SR I a3 BRERHCEEL T
B, ROMBEBOSEEESEbNIERE L TERD
EFSEEFESI N TS ATREM D S RIR S Nl

#6E DMPAMEZ IS &R IS ERER
HADERRZ DS

6—1 F &

BEE i3 MR MBI N A VA 2 T O BB KR T
ELUTHEBIZ L > TR R BEEEORFICEE T 5.
UL, BEIEEDIRET 3 mETRIEERISEER
Koo THEIAR TV [124). FREOBBICKIGIX
ES I NN BB 35, —RICT VA NVEBERIGIC
ko THITL, BREETHIBEEE Fuvt v
F (LOOH) »EM¥ 5. DR L L THEBKEEIEE
HH 5 VIR IS h, EFEEEVFIEEIX
harEzZohTn5,

JEED S Y VEEKICOEER, UToX>EX
ShTw3, THROICAERIEER (LH) »55(&K»
NTEES VAL (L) BERTAIECLVEKBSN
2, CORIBICRERORLAEFYIIH N (-
OOH), EFu*y I Vs («OH) Rg—mHEHEE
BESELTwsEEISRTWS (D), EULEE7 V*
o YHN (L) REEREOSTFRERLRIGL, &
BavAFy39Ah0 (LOO) 2&EpEkT2 D, &5
KRBV AF VI I NDMLDIEE» kK25 &1k
WTLOOH & % 3 L e AR»NF| E/r - JeE 3 H
DBV ANERSTITIVAINVEHRIEKEH
11, 1 wEEYE L TLOOHBSERERE NS, 2L
T, 2HFORB_NVAFYIIHINBRIGLED
X D EERERELET S (V).

LH+ +« OH—L - +H,0 (1
L+ +0,»LO0 - )
LOO+ +LH—-LOOH+L - {m
LOO *» +LO0 « =37 ¥ A VERH+0, v

—HIEBFE ('0,) LIFEOEEKETH LOOH 4K
F238, ZORIGRT YHINVRIGTIE R, EHERIEI
Bz TF—ERGTELYT S, 0L 2EEBRIEK
B CHER L7-LOOHIZ & s c@ba@eie s L, E#Ho
HNRZMEETIR ANV E VBB R N, EARBIHT
BEATWLbDEEZSNTWS [124],

#/5E T, DMPALBZOERERL =z F Lk
DFBIZER L TWB Z L R2RLEY, ZOEREDOR

HiIZEOEBEENBEINBRET I LELONS, &
foliE, TF VY EEEEBREOBEICDOWTORED
oI s, TFVyLERBRLERERED3E
BOBBRIEOWTHRBE ZLIBREETH S, Reddy s

[94]13, = F v v EEEERS, 7Y —F YA NVHBACC
MHOLFVAOERRICEME L L HELTHY,
Wenzel & [139]13 7 V) — S VA NDHEEMETH BT A
ANE VBB LY I F VU EREBBA TSI LR
RLTW3, iz, ERLIELF VU0 R0, F0OE M
BEOERPRBICES L T AR b RB IR TY
2 [6].

#27T, XETIE, ¥ ¥DMPAEZOERERTIC
ERBRELEES L T35 E 5 L2 EEBmRE AR EH
WEF2ZricE DN, BLBESELTWE L, %
NFEDX > ZEMBEETHLOD, ZLTENIET
FLyEEDEIBEbo THREDONITOVTHNSZ
EEREHBE LT

6—2 MHBIUVHE

YR . 74 3> (Raphanus sativus L. var. hor-
tensis cv. Shogoin) EF 2 BE/KTE S ¥ /o/N—S F 2
4 b LicEEL, Jo—2F v N—(30°C/25°C, B
B (500uE/m?/S, 12hr)/%M) WT3 HEAEE S ¥,
1> 1RE» o DEFERHEARDOFREEME

&4 a B R EEW (5mM potassium phosphate,
pH5.5) T 5 X10~SM iz 354 L 7z clomeprop, DMPAS

(0.5%DMSO, 0.1%Tween 20% &) 12120532
L7zt BREREHEATEY, EPE104T D 25k
15mlDO A>T E—d— kB LIz, T Tu—RAF ¥
N—RNT—EREMET I LE, E—2—HNOBXESY
BRHEELR., £, FARCEROERT 2mk TOH
fricRET AMROBLHAE L. 2L T, 7U—-TY
AN DOHEEHF (10 mM 1,2-dihydroxy benzene-
3,5-disulfonate (tiron), 10mM ascorbate), 'O,DiH*
#| (10mM L-histidine, 10mM 1, 2-dihydroxybenzene
-3,5-disulfonate (dabco)), & L <id+-OHDHEZEH (1
mM formate, 1mM benzoate), 0.1mM N ,6 N’-bis
(3—aminopropyl) -1,4-butane diamine (spermine) %
DMPAJLEERTIZ 10 FEALEE U 72 iS55 & O 21T o 7z,
F - MBR T, 71 2 ViR R LEEOBEER (0.5%
DMSO, 0.1%Tween 20% &) FTRELEL, ik
TARCEFNER & FA—RETTEF S RO HE
WRWz,
(2> TZFVZVHKHE

[fEHED 5 DX F v iR ]
FROL S EFULE LS 3 VHEW S AT 0%
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TEAZEZFREMRE B525

iEEW (5SmM potassium phosphate, pH5.5) 500x10
ADTNA TN L, N5 7 4 VATEER LT, —
ERERICE—H —NOKE® 1 ml§FOFWL, FA7
U b Z7TCIFVORREHIEL. £, BEWR
THRELIzDDENBX & L,
(3> BEELIEEDAIE
SEOEBILOBEIZF AN EY —VERE [19] »
v, BRICEEEMAMESRTEC vy Y7L
7t R (MDA) 2BRIEXHGT T2HFDFANVEY —
VR (TBA) LHEE &Y, TORRELTEL 25REY
BB T 355 TITo/k. 74 a VIR 2 REE
BIX), 72031 X10*MODMPABHEIZ 1800 EIRE L
7otk IREERBEUKTHR Y, EE1047 D 2Rk
MDA E—A— B LTI —RF v Y )N—HNTH
BaET, IEREE I E— b —NORBEAK %S 1 mERE
L, Zhel0% bV 7 ooFk Iml, 0.67% TBAGK 1
mlEREEbE . ZOREHE®100°C T2 MM L /-
%, KL, 1,300xgTLOELEEL, EER2E
1z, IR EEE (Shimadzu, UV-2100) 2w T
535nm DN & HIE Uiz, MDABE X2 T BOLHRE
156mM™! » em™ ' S EH L7z [59].

6—3 HRrER
1> 1RESH» & DEBMEERHE L CHIRDORERE -
EBEFR & DBEE
MR D IRE BT % BETAIMAREA R 175 R

RicLOHBEh, ZOBRE L THEYNDA 4 >3
PELTEACKEENRE Z LS TWS [124].
% 2T, KETIIDMPAK L 2 B8EORHO—ER L
U CHEEBRIBES L T 3R D W TRET L7z,
Fig. 6-1~Fig. 6-3135 1 2 V$HiE % 1 X10*MoD
DMPAERKIZ 180 IR EALEE U /- e D BfRERHE &
BEEMMRHEEA 2 ALE LG ORET LI DO
Ths. £3, DMPAMERNIC 7 ) —F ¥ A VOEEH

(10mM tiron, 10mM ascorbate) 2#LE§ 2 L,
URFEIE TRIF LA EED o128, ZhLIETIIE
WtironDETALEIZ L Y BFEORHSPPER SN S
@A Sz (Fig. 6-1). RZ—EEEE (0,) O
HZFEH (10mM L-histidine, 10mM dabco) OFALE %
Tol 'O R —ERES TR T 2 MRIGTH 5 v Kk

[27] & X CBRRFMKIE [101, 96] i & > TTAIFIAE
BrBBtT s3I LBHMENTWS, L-histidine®
dabcoDRIMIIZ & D, JHEEE» SDMPA & 5 EE
BORHEESKIBICEAD L. 2088 I13R cdabcod
R TR <, ALERT2REMH & CIRMENE & 1IZIZE L Wil
L7 (Fig. 6-2). 8 FaFvrsvai (-

Conductivity (¢S /cm)
8

—O— Control
—&— 1x10“M DMPA
—— 10 mM Tiron+1x10“M DMPA
X ) —h— 10 mM Ascorbate+1x10“M DMPA
20 40 60 80 100
Time after treatment ( hr)

']

Fig. 6-1 Effect of tiron and ascorbate on electro-
lyte leakage from DMPA-treated radish
roots.

Radish roots were soaked with each free radical
quencher for 10 min and then soaked with 1X10*
M DMPA for 180 min. Data represent means+
SE.

8

L

Conductivity ( ¢S / cm)
s

=
=)
T

on|
—@— 1x10“M DMPA

—#— 10 mM Histidine+1x10M DMPA
—h— 10 mM Dabco+1x104M DMPA

100

® ime after reatment (o)
Fig. 6-2 Effect of histidine and dabco on electro-
lyte leakage from DMPA-treated radish

roots.

Radish roots were soaked with each singlet oxy-
gen quencher for 10 min and then soaked with 1 X
10*M DMPA for 180 min. Data represent
means+SE.

40

g

g

Conductivity { #5 / cm)

[—O— Control
—@— 1x10“M DMPA
—— 1 mM Formate+1x10“M DMPA

A LmM Benzoate+1x10“M DMPA

' L
] 20 40 60 80 100
Time aftér treatment ( hr)

Fig. 6-3 Effect of formate and benzoate on electro-
lyte leakage from DMPA-treated radish
roots.

Radish roots were soaked with each hydroxy
radical quencher for 10 min and then soaked with
1X10—*M DMPA for 180 min. Data represent
means+SE.
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BE 4 —F v v HEBERclomepropdE B 2B+ 205

OH) O¥*E#| (ImM formate, ImM benzoate) DFi
W3 1T 72, 10mM formate & 10mM benzoate T3,
7z 0EXEEOEBTMEHBIRIE S BTz, mEH
by 1 mMTHILE 21T o 1z, - OHIZAR DG EHEK
kv EEER LRI SREITEEh TV [12],
OH DM EFI ORI T30, O HEANZ E R VEER
BETRE o o8, LB 72K, 96FFH Tid, DMPA
MBI 2EBEORHERZCPEA ¥ (Fig.
6-3). > DFER, S, DMPAEE O EMRE DR
IO, BB BIS L T w B ATREMARIR S Tz,

HiER b8 T d S spermineDERICIE 7 2/ v
WEE DRSS BEIC Rk 508, ZOBEHSOHHGIE T
FLUUEESREES L TW3B[103], L7zd3-> T, DMPA
MBI XD F Vv U ESESED &, spermineDERKE
BEY T2 8 FREND, 20D, FBEYWET
b Bspermine DA IC X - T, HEUEBERSHEML, EF
BREZEERI LTV AAEREIC OV TORIT B1T-
7z. 0.1mM spermine D RjALE 217 - 7223, DMPAJLE
gewmy 2BEMEREEOBBIEAS W o

(Fig. 6-4). Z DFERIL, PiB(LYE TH % spermine®
B & > TENBREOMAIG| &R 3h, ZOMR
LU TEFREORHEESEML THWEDTREVI L%
FBLTWS, LoLErs, BEZOEREEREZ
TSR L TCHZBLERH D LBbh 5,

Fig. 6-5~Fig. 6-6Ti%, & & IZHIfE3E L BFERL
L OFERRAE ZAREIC T 5720, DMPABE % 5 X10°°
Mz & THA &€, & 5 I RENBERE % 12043 1 AEkE
LT & BEMRLESETT, RfCERERLEOH
ExfTo7-. DMPAMLE I XV, MIEFELSE 2 5 ALEE
128 (5 BTO T —%) iy o BRE ORESEZ -
TWwids, *OEMRERE Xtiron®ascorbate D HALE
Wk, PRMExhi: (Fig. 6-5). %7z, histidine®
dabcoD LI & o T b ARCEA L7z (Fig. 6-6).
UL Ldss, Fig. 6-2 O &5 %'0,0HEEFIFTLE
X 2 RERRHEOBYRIR> A e» o7, ZOFREK
DWTHSERETTINERHB725 .

¥ 72, DMPAMLEIZ X 2 RO FEHEF T BT 5 1EME
BREERIITAEOZROHE 1T 72, tironascor-
bateDHTALEIC X D, ERROREHESPRER S NIz

(Fig. 6-7). ¥ 7zhistidine % dabco @ B 4L & T i3,
DMPAMLEE 1z & 2 IR O FEBENRA L (Fig.
6-8), FIITIFICUEBIEERIUETEE TH . 5
EFERE L BROREME £ OMICBHER ICHVIE
DOHBIEEE (r=0.94) BH-7Z &»s, DMPAJLE
k2 ERERECE, FV OIS »DOETE
MEENEESELTWwWEHDEEZLND, ZHKKIEEN

5

Conductivity (S / cm)
8

=
o
T

—Q— Control -
—@— 1x10“M DMPA

—#— 1x104M Spermine+1x104M DMPA
1 i N ]

20 40 60 80 100

Time after treatment ( hr)

0

Fig. 6-4 Effect of spermine on electrolyte leakage
from DMPA-treated radish roots.

Radish roots were soaked with 1X107*M sper-
mine for 10 min and then soaked with 1X10~*M
DMPA for 180 min. Data represent means+SE.

W0k

L}

£

B8

1

13

<

5 10 —C— Conlrol
—o— 5x10-°*M DMPA
-—&— 10 mM Tiron+5x10-°M DMPA
—&— 10 mM Ascorbate+5x10-5M DMPA

0 L
0 10 20 30 40 50

Time after treatment{ hr)

Fig. 6-5 Effect of tiron and ascorbate on electro-
lyte leakage from DMPA-treated radish
roots.

Radish roots were soaked with each free radical
quencher for 10 min and then soaked with 5X 10-3
M DMPA for 120 min. Data represent means*
SE.

Conductivity (5 / cm)

[—O— Control
—®— 5x10°M DMPA
| —a— 10 mM Histidine+5x10°M DMPA
—&— 10 mM Dabco+5x10*M DMPA

N L J

00 10 20 30 40
Time after treatment ( hr)

Fig. 6-6 Effect of dabco and histidine on electro-
lyte leakage from DMPA-treated radish
roots.

Radish roots were soaked with each singlet oxy-
gen quencher for 10 min and then soaked with 5
10-sM DMPA for 120 min. Data represent
meanstSE.
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TERFRZFREMRE

#5258

Number of lateral roots / Plant

Fig.

Fig

Fig.

oh

6-7

—o— Control

——e— 5x10-°M DMPA

—®— 10 mM Tiron+5x10"M DMPA
—&— 10 mM Ascorbate+5x10-°M DMPA
10 20 30 40 50

Time after treatment ( hr)

Effect of tiron and ascorbate on DMPA-
induced inhibition of emergence of lateral
roots.

Radish roots were soaked with each free radical
quencher for 10 min and then soaked with 5% 108
M DMPA for 120 min. Data represent means=+
SE.

8

Number of lateral roots / Plant
-
o

on

. 6-8

——0—Control

—@—5x10"M DMPA

—— 10 mM Histidine+5x10-M DMPA
—*— 10 mM Dabco+5x10-°M DMPA

10 20 30 40 50
Time after treatment ( hr)

Effect of dabco and histidine on DMPA-
induced inhibition of emergence of lateral

roots.

Radish roots were soaked with each singlet oxy-
gen quencher for 10 min and then soaked with 5X
10-°M DMPA for 120 min. Data represent
means*SE.

100

Ethylene evolution (nl /g EW. )

s
.

6-9

g 8

3
:

28 58 8 8

—&— 1x10“M DMPA
—#— 10mM Tiron+1x10“M DMPA
A— 10 mM Dabco+1x104M DMPA
N f J

s "
20 40 60 80 100
Time after treatment ( hr)

Effect of tiron and dabco on DMPA-in-
duced ethylene production,

Radish roots were soaked with each active oxy-
gen quencher for 10 min and then soaked with 1 X
10-‘M DMPA for 180 min. Data represent
means+SE.

5DEERRC L > CEFEREBEI > TW30O0H
Lz, WFhicL Ty EDEEMESBE LR E
LU CERBDOREHEISML I > TwI D LRI D,
2> WEYGksE»s>DLFLVHHE
DMPAMLERNC E R RHE AR 2 B L 728, = F Vv
VEREBET 20 E S &Iz, tiron, dabco F 7l
MELTH, DMPAMLEBIZ L > CTERT 2 F VvV EIC
RIZFEAELEER2EZ ko7 (Fig. 6-9), 7V -5
ANVEFACCH: S LF L oy ADEHEMEET 2 2 L 255
BahTwa [139, 147] 43, FEBREMHEIZBVLTIET
V=Y A NVDOHERTH StironfllBI X 5 F 1 >
EROMEBIRIZR ShRdpot, 2%, 7V—5
ANVFACCH ST F UV ADEBRIGIZIZIZEALE
BrRIZLTWEWVWDD EBbN 3, %72, dabcoD AL
HTbIFVVERBOBAIRRO WL L
5,0, b T FVUEARRCBESEL TRV D LH#E
Bani:. DMPAMEIZ & 2 BRBRBCRZ 7V -5
ANRI0,BEBIZEE L T v 2 GJREMEIRIE S Tz 28,
INBDERPS, 7V —F P HNRI0IEBLFVIES
BREEREASELILICL> TERBEORL 23|28
LTw30TiREL, ZFVUVEESERERIICEDE
BLCEEMCERAL T TR EZ SRS, Ly
L, Z[6] 8RBLTWB XS 2, ERiLEzFL v
PO FEDHEMRERDERICEHE L TwiDO»d Lk
v, L7zdtoT, ERFEHEF2HEREL s 0BfR%
LB LT LERHBEEES,

3> BEEALIEE DHIE

EHRR AR O E I RIS 5 BETfaMIER;
BEREL, BEDZ VI VEEKIGK XD ZEOER
{LIEEBER T 2 2 L8 onTws [124], EkRo Xk
DT A a iRy S OBREORH CEEBRRERSES
L T 3 E[EEMDSRIE & iz 72, DMPAMLERE DED
BRERCIEEROHIE 21To 1. ELEOHETIX, PL
FOMDABESSEMNL, MII6HFHI% T0.38uME >
7z (Fig. 6-10). DMPAMLEE OMDARE 12 LB E % b
S RABUCHEAL, EICHFH# TIX1. 19uME o7z, L
» L% 5, DMPAJLER]IZdabco, tiron% L3 3
&, EERD > ODDMPALEIZ X 2 MDABE QA
BEBE N, b5 E0nS &, dabcoDFHtironk D
HbEVEBREMIRERLE., 25D I £ 5DMPAYLE
W& D EBEDIEESBRBE S T 3 ATREMISTRE X LTz,
Z L CZDDMPAMEIZ X 2 EfEE 0 BRI I3 G
BR (RC—EEERR »FERCBESL w3 EEbh
3, EREREHOEE LBRLIBER X ORICIEWE
DOIEBEREfR (r =0.88) RO Z L ERERT 2L,
DMPAMEEIZ X D ] & DO CIEMBERELREEL, 20
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Fig. 6-10 Effect of dabco or tiron on MDA release
from radish roots treated with 1x10~M

DMPA.

MDA concentration ( uM )

e
5]
T

e

EEBREIC L - THEIBE BRSNS I L THEERES
FUESESEES L, ERERESEI > TV HARE
MnH2, LrLiss, 5ETIIDMPAI & 2 EBFE
RBHRzFVv I IcE-oTEIERIIND Z LWRREN
Twaizdh, TFLy EEEBENED L S TBEL T
WBOh, DD, ERLIEZF LV UHB0FOEERR
DERZESELTWwEDn, The bEERFEIFV
v e e L EBRCER SN, &N L CERER
HOERME L Z>TWA0RIZD2WT, %3 51kKH
LT BBELDHEIES D,

6—5 B §

5 E CIXDMPAMLEEZIZRZ 554 a VHR» S D
ERERHE, —F L etk TEERIINTVEH
EMEDSH D Z LR E N, RETEIF L OM
ZESIEEBRESES L THiHE I ORI E2To
7z. '

(1) Clomeprop, DMPAMLE Iz & D LEE % & Efif
BREBRS RN, 7V —F I NVOHEEAR (10
mM tiron, 10mM ascorbate), *0,DIEEHI (10mM
L-histidine, 10mM dabco), + OHDHEHFEH (ImM
formate) 2HiILET 5 Z Lic X VBN, 2L
TENIZHIC, 'O,OHERIORTLE TREFZRN
7z,

(2) Clomeprop, DMPASLE % O EMBEE IR H S Al
BOFREEEERS 7Y —7 Y A NVOEEH, 0,0
MEFOFLEIC X VBR S iz,

Q) 7YV —37 VI NVOMEH, 0. DHEEFIRTALELRD
IFUVCEBRAIRLED, FhoDOEEBREEA
IXDMPALE# DL F VvV ERBICHEEE X R
oz,

) FANEY —VEREEIZ & D BEB{LIEE ORIE %2
ToleER, 7V —5 VA NVOMEEFRO,DOHEH

DORTALE Iz X > CDMPAMLE % OBER LI E &1
BWA Lz,

¥ 72, BRFERHEQPEROFBEREOER®D) &
EER LIS B &) ORI IZBWIEDHHERERERGR (a Lk
b:r=094, b&c:r=0.287,
0.88) R 5Nz,

M EoEERE LD, clomeprop, DMPASLERIZKE Z 5
EBRERECE, 2 F VY PBAOBER E UCOEERE (B
1210,) I X 2 BEAEE OBEL SRS L TW» 3 ATREM D D
3, #FLTZOEMBERILF VUV ERBEEARSES
ZrIEo TERBORE23ERILTVHDTRE
{, BEoOBEMLCEZEMERL THY3AREEVDHS b
DEWEINI,

arc.:r=

BIE BEER

2,4-DizfRFEIN B 7 =/ F VEFBRRRERZ, Y
wRICA —F Y VERERE T 2 WESERICEET 2R
R xEIL, Iho 2UEINEYTRIEERE
EHIESERTE R k> THERES LEEIATY
2[90]. D& > RERARE T 2BRERIIEIKIMHRK
BLUEOERIChb > UL FERE N, NEEDEAD
AR TEREZOEN L GBI KRE 2EH 2RI L
T&T, 2L TZOERCHEY, BEETKA—F2 ¥
BREHICET sMEREEIFBRRSINTEL, Ly
Liss, +—F v YEREROROSHRLERERD
55, WTFNWOERBSEENRENRICBESELTWS
OPIELTRBLECHEBEINS ETRIIES TR,
i, A —% v VEREANEBRCERINSSZEOL
F 1 RHCNSS, Z OREHICN L CRZEDOK E WE
RSN ATREE PREMEHOFER L Z>Tw5HH
gt R T 2 mEDHINTVS [29, 30, 33, 34,
35, 36, 89, 126]. L#L, HCNOBESIZDWTIX, 1l
YIDE - T3 8-CAS (HCNDOBEERBER) BEHEOER,
B OHCN I T B RZHOEIC DOV TE SITRETL
TWLENHD, $-xFr LTy, bLEE
ERHO—BRTH-7-LLTH, ¥D& I ZEAVERE
BIZESE L TWw30L D2V TE S EshRiTnid
nolniEbha, ¥, F—F v ERKREHquin-
meraciZ & 5ACCARIBEEADOBR L TERT
77y Y B (ABA) #8, £EMHBIRCESIEEL T
w3k LEBEbEIhTwS [102]. LyL, Zhi
L THACCERDE, YD XS 2EE TABAVER
FTEOPIOVWTIREBOHLIZIINTELST, SBRELBK
BRELTupRFhIERSBWES S,

AT IS DHEEEERL, £ —F Y VEARE
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TEAFEZZMAMHRE 525

FlclomepropDIEFIMSIE R EEHT 2 - 012, iz F 1L
COERICER RS TTRET L.
ClomepropD{EFIME 2 FARBI2HT2 D, £ THDIC
clomepropEH B934 —F ¥ VIEREE T 20 E 5 bOWK
HEfTot. A—FyrEHOBEEIE, rYEOaVF
EWHHRAR, Y=, ) THRESEMARZ D4 —F v
YRR EYRE, BIUHEELOL —F VBE
B DREEEELZFARDL Z L ICE VT, KR TH
Wt —F v URBEEAER, BERETH—F Y UBA
ETHhDZLOETIZIENATHLEWVLY, DL
A—Fy UEEETBRL, +—F VU OEHERIGOFEE
CHEASELTWAEHETHL I EBRBEINTWVLEHD
Thd., TOFHEEFABROERIE, +—FY U EAEQE
KA LTWEH-NAAL DEBRZAIELI-bDTH
% 5, clomepropid ZDEEZHEL £ otz 28,
DMPAIZFHE T 2 Z & 8m& iz, 2%, BENTR
HBBDMPARA —F v > & L TEEE N2, clome-
proplidFER eI ol Z ¥R E&NIz, £z, FUE
v Iy FEEHRREAR, Y=Y THREMESRRRL 0
I —% ¥V OEYREICB TS, DMPARIER 1258
F—F Y UEREERLIDINEL, clomepropliivsig
BLhRE&EP-I, bYETOIY, Y FYTOIF
VAR ERETIZ, DMPARMBEESZE LS LFL v
PERUIAD TS, clomepropld UL 2 BRI S &
FLrvUEERLIEDT: (Fig. 2-6, 2-10). =31 v &K
TREIER X, BREEROABP T2 <, AlEMDABPA
DFEEVEEELE > TWIHEEENEVWEEZONT
V33, ClomepropidDMPA L Y B TH 270, &
ZICHERCERDAZN, XD ELABEHEABPEESL
T, DMPAL Y b GRMIc = F v U R B BELED 2
AREEDEZ S5, EEIZIZ, DMPAME D 5
clomeprop& W b ERliccF v U B EREEL. =
o OfERIZ, clomepropEE XA —F ¥ Y IEH BRI
¥, @M TDMPAICRE & iz, Z DDMPADFR
DA —F Y UMERIC L - THID CREERAE2HET 3 &
DR DHHEENHNZ L BRL TS, E5IT, H3
BERLFELBETIT o2 F Vv v EEHKPACC synthasel
HOEETIX, DMPAIZMEE R 5 T F LV EOREKA
& ACC synthaselEMEDEM%E5| R T 2 L BFER &
N7z, clomepropTIRRALEREZKII0RE 2 5 Z 6 DY
K3sohiz, &7z, BS5ETT->BFEREOKR
T%, clomeprop & DMPADERZE KL BELE £ C O
2, NighThsRohik, ZnsDRERNETID,
“clomepropH &34 —F ¥ Vi 2R Twh, HB
WidFFo Tz & LTHFHEIZHW” L) EERREHR
PXRITLHOTHLERDbNS,

Zh T, DMPADR D ¥ Ok & BIERA S EENI
BREFEHCHAELTWwE DR 235, AHETH,
DMPAfLEZRICE LS EMF 35 L ricEHL,
DMPARZ & 2BEERAICBI 5L F v o DBENITDOW
THETL7:. DMPAMBIZ X b, 54 a Vi Tiiis
WHAEOEKX, Eor—) >/, BEEEOHEZD
MREHEME 2. Lr»L, DMPAERNIZ T F L V&
BRHEIED (ACA) 2E T2 L, FhoDHERE IR
BahsEm»RA ST, 2L TE 51, DMPAjLEH
iz F v oEREER] (NBD) 248 L 7-354, DMPA
M L AEEEEIZIZELCML 5hiz, NBDED
VAFVT7 4 VBEEET AEEMI TV UREEI
BREET2HIDD, = FVUERRREL WD,
RELTzFVUERAERHET 2 2 EBHShTWS

[112, 145]. NBDAMEIz & v, =5 v > OfERRHEL
T ETRERERIZZEECMFHEINZ L0,
DMPAMLERIZ & > TN 3 =5 v o8, BEBEE 23|
ERILTORAREESIBO THVW D LR SRS,
ACAR = F v » ERINFIZIRMEV T2, TF v AR
VRS oNT, ZTO/ER, BREREE OMEZR
BINEholcbDEBbh 3, %72, clomeprop®
DMPAIC L > TER Iz F VUV EBEREBREEDE
E0 M EOEMEES Stz (Table 3-1,
Fig. 3-4, Fig. 3-5)..

RICDMPADET 3D & 5 BEABNZF VvV EE
BORBECRES DTV EDONEDOVTRE L, =5
VU EEROBEERER TH 5 ACC synthaseld A —F v
YEICL > TEEBEMT 2 e BMohTw3 [,
33, 76, 126, 147]. # 2T, %9 clomeprop, DMPA4L
2D ACC synthaseiG& DB 2 HIFE LT, DREE,
DMPA R LB E# b 5 ACC synthaseiFMEZHMX ¥ 2
ZEBRE&NIz, ClomepropliBEREM 2 AKX ¥ 2 F
TREDFHEEELL OO, RECEREE2EME
B, WICACCH S LF vV DRIG R+ 2BHETH
% ACC oxidasetFMEDZE I DWW THIE L2, BlEi»
5, REFRYEZDR VA &L > TACC oxidasess
wEHbah, #hzF v U BOEIMKES L TWw3 Z
EBM|E SN T3 [57, 63, 94]. L»L, clomeprop
®DMPALE TiXACC oxidaseiEM D KIZR T &%
»olz, D H,DMPAIC & 2 =5 Vv EDORAIL, ACC
synthaselFE DO AR ERE X > THIERIIN TV S
EBbha, Ll s, NAAWBEIZ X5 TACC
oxidaseDmRNADSER L7zt WO EHE DL H B [85] 2 &
Do, SHOBEL LT, ACC oxidased®cDNA % B
L, ZOBEEDEEFNDMPAIZ & > THRMNICHE S
NeapLEIERNTALERH LSS,
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HE A —F v VAR EH|clomepropDE RIS B3 2 HH%E

Clomeprop®°DMPA IZALEEERAL (FFE, BEE) DEFE»
& D EBHEBIRPHEBREYEOBECRE REND D
ZrhEshT s [110, 118, 140, 1411 28, Zhid
IFVVRBOETHHET A ILVARETHL I, 20
ERR R HRR T B 7oz, EIENHE L RFAETOLF Vv
v, AR OBEE, ACC synthasedithOZRA(tZ2 &
#), BN RE» SR L, 27, ERMAROEXR
OEREREFLT S LUTOL S Eo7,

(DMPAAREZRALEE > DMPAZZEMLH > clomepropZEE
JLEE > clomeprophRERALEE = fEALEE)

¥, 2hizxF v v EREPACC synthaselGHE T H
FUIERF & ko 7z, 2o OFfEHR & EZLO, “NBDAEI
0, TFVVOERARHE LR E CRRER IR
oz oht:” LWIRERE»S, PRV INSD
WHI X AEEERI = F L Lo TEIERIENT
wabDrBbhs, 7, EHYCHT 2HE L DMPA
DEERHOEER L IHVIEOHEBERERBH S Z 5
TRENTWS [140] 2 E» o, IR & AR &
TEERHODMPARBIEVEL, ZORMRELTZF
VOBIZENSEL S I THEBREBCOESHTY ST
BetE LSRR TRV D O LIS 115, DMPA ZARERALE
T2 &, EESD > A#% 5 v & & ACC synthase
EHEDRIA D B S 1172 H3, clomeprop DAREALE T, 44
SRR DARE D & = F L B R ACC synthased®ik
DEM LGS, BRI HIEE DT L THo7. Won-
gwattana and Ishizuka[141]1%, %4 2 >iZclomeprop
ZOARSRI R T 5 &, MEBKRTER (RERKR
5 24F5RE8) OEESFIZ, DMPABSEEL TWw5Z
Y REFEHEL T3, REEBTIXclomeprop % 12FFEIRER
JLER L C\> %33, Wongwattana and Ishizuka [141] @
EERPEET L L, TFVVESHEIMLEDT, LK
120508 (BB & 2408f%) TIREZEHHICDMPA
PEEL TV ZeDBTFHIENS, LT, 2ZT
DRETR W X #Lizclomeprop E DMPAD = F Vv &
ARG OTHh Y, “clomepropllBic Xk 2z F 1V
ERIZEICDMPAZERL TW3” L WO RS EZFT
2HOTHD, ZDLEDIFVVRIIEDELE»S
DIFVVHHBEREL TW3EY, =75V i3k
ERTHRICERINE LD, KERTOLF VY
BREELTOLFVURHEER2HIBERMRL TV
LbOrEbhnz, 2%, DMPAIZRSRMNIEL THERE
CEEBERBITLIFVVEERERET 505
clomepropTiiRE» S EEHICH T VBT TES, L
TeSoTIF Vb T ULIERL ALt bDEHE
Hans, 7, Wongwattana & Ishizuka[140] & clome-
prop X iREE » & EEEADOBIT N B L 2 REL

TWwa Il b IDHEENTRENS, 51
clomeprop?» 5 DMPA~DO S EIX, RETide S EE
TR [118] 2y, Zha 2k Fv Yy
REBOERISILT2EREZ TR LEDNS,
Clomepropk MM L 1255E 1 d, =57V VEPACC
synthaselEHE DAL Z 525, LY 2h o OFEKHZ
TR REEs»r o7, ULr VAEDREEgEO L F v >
B3, RENE T3 T REDE» o7z, Clome-
proplI ZEHH O FXR BN ENE T EBHRESINT
W3 [118, 140] Z 5, ZEIENE X fi7zclomepropi
I D ERHICENE h, #Z TDMPANE REIGEI N
B HREREOIFVIUERELEEDOLEBbNRS, Z
noDER» >, WEEN (EE, B TORREERE
OBREOEICE, EEH, BETDclomeprop, DMPA
OPIY, 81T, R#OERRET 2 EFELHODMPAS
BOENAELFASELTWIbDEEDLNS, TOEE
#HHhTODMPADERE £ TORMEPCENLENHER
BTV v ESROEN, BENEELEE, PRE
BOBREEZEFHUCIE TV AAREEVSEVWEEZ OGNS,
Lrl, PO LI B AA=ZALATERLLENED
(ACC synthase-ACC oxidasez®) =7 L >~ D{ERIZ
A5l 2FVryOFREIRRLLAREDDHY,
ZOBEIZOWTRELZRFPLETH 5,
DMPAMEZ & > THEINT 3 = F v BNEBICERE
RERBERILTVRSEELTH, ZHAOREEHRICE
ERCEOWTWEDOBIE DWW TREMORMSH 5.
LIS LU BRESRCEENCESE L TwaETh
i, TFVUDEORRIERICEI > TTHS I, £ 2
TDMPAJLEIZ & > T Z 2R 5> DEROEME
DREE~ADZFVOFESIZOWTHKRE Lz, DMPA%
RIS 5 & 54 2 V§iiRy» 6 BFEORE & fIRO
SATREDRL T 57208, ZhoDRRE, =7V M
FHEHITH 2 NBDRPPOH 2 BB T 5 Z Lic kD 25
Bant, ZOBRRZFVVUHEREOREICERIC
BIE L TWAAREMSE H 2 Z L2 RB LTS, X7,
IF VY REBRBRBCEE > TEHRIN TV, 856
iz, FOEMRERHIE, DMPAIC X 3 MR SE LART i &
ZoTwikZ»s, BRFERDGHEFEORKRELT
BIoTWBHDTREL, TFVYICE->TRIST
WA ABEMEDS B B, BB T B T F Vv DR
Bz oW TIZRITIBREIC 2 > TWR WA, EYRLVEY
rLTOF vy OEBERHOMEIIBNLT, TFV >
RIEYHHROBEE R 2HAE 5 2 LBmESN T
2 [23, 42, 117]. Suttle:Kende [116] i¥, =F Vv~
BEOY VBV ALV ERDESEEZIEERLTBY,
Faragher & [23] i&, =F Vv v EIEEOYEIRES
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ZERBIERRTIIEICEY, ZF LT LZBED
ERMEREHHAL T3, Lkd>T, $%1ZDMPA
MEHEDOTF VY L BIEE  OEIZ DWW T X 5 I2HE
LT DERNHLEBDOND,

=%, ERBRUI& 4 —F v v RIREH DOFREIEN
DEBIZHCN TR ZWH ETBHIPEIN TV S
[29, 30, 126]%%, ABIZTIFDMPALIE% O ERER
HIZIZHCNE D bz F L o8 X D BEERBE R R L
TW3 IR RRTIBRBEONT:, = FVVEESRKR
BT, =F VY EHCNREERERK SN 2100, 148]
o, BHUWEBOLF vV EL SHCNE 2 F1ET
5 LNARETH D, AW T, =F Vv EROMEE
#| (NBD, PPOH) ME%fTo/: & &, L L b
U E TRz F VvV DERBIEIE LT, LALY
HLDERMPI 5 Z ENRENT, ZORFHCNAR
FARICEZ o T3 &2 5n %5, DMPALEIZ X 2
ERRE DR ARRO R £ E 12 NBD, PPOHALEIZ &
DIFVCOERADOAEMZ 5 Z L TRBENL TV,
ZDZ ki3, DMPAMEIZ & 5 BfFERHLEBORE
FREICIZ, P E B HCNE D b = F LV U HBELBHEL
TWBIEERLTWEHDERDNRS, ZDXdIE
BIHERIRE 2 F Vo BEFEICEE L T30 THNIE,
ETHO & 5z x5 v U HEEXK 2 0E T 1IEDMPA L [/
BROBREEEDOTE RS, LVLIRMLELUTL 3,
LH»L, ETHO & 5 ichhRiic = F v o 2REXE 3 &
I RRFTE, EYERCEELEA25223L5
VOEREIEDDIZIE, FECEEEELEET S,
ZhicxtUclomepropfUlE Tit, I WEEETEEDT
FUVYEFEET L, CNIEDMPABLIF VY ERRICHE
BERALNENICZF VO BERINE D THE LE
ZH6N3B, &5, clomepropldfid = F 1L v 4K L &
20, 43 —RBRELAEHEMICEREE2FO L VI A
TREXRIL UTHERT 52 L8 T% 3%, Clomepropid,
A2 BWTDMPAD 53-X FVEDKEBILX L
3-CH,OH-DMPA & # Oglucosefa &1z 7z 2 f@sm At
BENELLBODEINL, BREZWLEEDTIE, 20
REBEESBOZ L BRENTW S [141]. 2% D,
clomepropZ» 5DMPA~DRH &, DMPA W & fEHRH
EY\OZEEE CHEYERESH D, 2OBRELT
DMPADREBEICZRIEI &SI sh3 Z LT, #IR
HBHEFL T3, Lizst> T, clomepropld il 2 = F
VIRERL LTERT 372 Tl, “BIRER2ED”
End, REXRIE L TOEELRER2#HNMZ EHT
HBENSZENTE S,
DMPASLEIZ & 3 BRREREIZIZLF LV o 23
BELTw3ZL®BRLTERLD, £hTid, DMPAJLE

CE2EBEERBRIFLYOACEIS>TRIZDTH
55, MEEOIREY CRET 2 BE RIS I
BEEURES TR X > THEB IS [124] 120, ¥
HRRIEFERL L ESBEELTWE I LBHISRT
BY, 25V OEBBEEBRFEOLERICES LT
WHARENE R RB T 2MELH B [6]. D Lms,
DMPAMERZ & 2 BEERH & EHRE L OB#E Iz D
WTHFEARBZ Z iz, ZOHEE, DMPAMLEZDOE
REREZ, 7V -7 Y VOEHR (tiron, ascor-
bate), —EEHE % (10,) @ ¥ £ % (histidine,
dabco), BLUERuF LI H N («OH) OWEH
(formate, benzoate) DETALEEIC & > TERR S L7228,
TRIERFITO0, DHEERORIMBIZ L > THETH -T2,
%72, Z DWEEFIOHTAEIZDMPAIZ & 2 HIROF4H
FERXOVBEBIRBVKELoR, ThoDI Lh,
DMPALE# D ERBERHCERORERE I I F
VO TESEEE (1512'0,) 2% Eb > TWwWa T
BEMEDSD 5, TEMEERIC X 2 BIRE 0B L ERER
HO—H/HER > TWB R 6IE, EHMEL I BERLIEE
ESERALTWEIRTTHS, 22T, DMPALE#D
BRCEEREORE 2T o7, ZOMBR, HOETIED
TOREMULRE Sk >7-0icx L, DMPAMLET
TEEED S BB KBRS, FLT, 08
fnixdabco®tiron 2B T 3 Z L ic X VB Iz, &
DFERD £ 7:, DMPAMEIZ X VB S - S 3 BEiRE
DRBACTIEERE (Fi2'0,) BEBIES L Tw3 Z
EERERBLTOWS, RICIOERBRELZF LV EDH
REAND D EEBRREEFLEROLF LV BE
BIEL, 7V —F VB NMIZACCH S LF L v ADIEH
PHUET 5 Z LAURBINT WS [139, 147] 28, Z&SE
BR&MET CldtironTHdabcoD R TH = F L VB D
BAERsNWEMoTz, DED, 7Y -5V HA20,0F
IFVUERBREMERE LI > TERBEDRE
REISBILTWEOTIERL, TFLUVEARAL R
HBIRICIEA L T 2RSS E 2 iz, UL,
ALl F v o BEEBEOERIZES L TWE I LD
EZzohd, Likd->T, 2F vy eERRRIELroiEDb
DIZDWTIRSERE SR LT LERH 2 LED
ns,

INSDER»S, HREEATEZ o LRBRESHEYT
DclomepropDIEAEHEIICOWTE L ® 3 &, Fig. 7-1
DEdiciks,

Clomeprop i3 EYHERICRIN & L7, BicEFERT
TIUNTYNVT S F—YIZLoTHKSBRE 2T,
DMPAt %5 DMPARREILLIzZ 12k DA —F >
BAREOECHET I LNTE, A—Fv o EEEE
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Fig. 7-1 Proposed mechanism for the involvement
of ethylene in clomeprop-induced injury.

T5L51% 3%, 2L TCDMPABRACC synthaseiEk %
WARESRZZIELEZEY, TFVUBKEBRERSH, B
WEAEDEK, BEOh—V 7, BREEZELwokH
REAFEI|XEIT. =F L rBZoftuc, RBETOE
REREE25IXEIL, TOROReERKDbEIFER
L THIROFREHENE I > T B AJREEYN H B, 2
DTF Vv OIERD, clomepropilLEEh & HEYHALFE I
BEAHZALCRESHEEL TR ERbNE, %7,
EHME I & 2 BRERECEF VYOI 0,53
SLTws Zenmganizss, 2o 2E8M0Eb-
DWLTIFSHE, EHKRFEL TuhrRiTER s RN
235, &5, =F VU EROEERNZEE, +—%
v UBRIBRERIOMOA —F ¥ ER L OBEIZDWTH
HLEBRTILEND S,

% Jz, clomepropid EBELERNICEREE2E T 5K
BEITH B, P EDORERED S, clomepropiz if L TRZ
BThH MY LERMTH LML OERR, RIX, B
THEOZE DI, clomeprop? > DMPANDRF D=,
HBWVIE3- A F NVEDKEE S 23-CH,O0H-DMPA
E #Dglucosefd&BIC R 3 HBERBHEBOE, T4bb
DMPADBAHBEERDEINELBEEL TWwE b L
Bahilz, £z, K% 5, clomepropD £ & HIEHIER
WEHZFVUBERCESL T I eBREN I E

"5, FOEESHICESY 58 (ACC synthase, ACC
oxidase) BREL TV EHHEPTF VLV IIH T 5%
HRRLIEELFERECKEL EboTWwa D L
gans,

ERUTERL XS, FARCBLTA —F ¥ VB
EHclomeprop DRI DV TRET L 7 /&R, B
Uiz 2 F v v DS MEMEY) T Dclomepropic Xk 2 X RER
HORECOBERERL L ERCEELTHW5 I LR
Bahi, 20X YRV ECR ez Fry)

- OEREECBET 2R, S8’O, RETEHRER

ORRPEA AT TOEREERE2REHTIHOTH
3rBbhs,

wm E

Clomeprop (2-(2,4-dichloro-m-tolyloxy)
propionanilide) iZ, KFEAZIRERERIT, / Ex 2k
A—FEAEBEBLI YN, kNS, SIFTYVY
ZBO—HOHFEEHEERHET 5, FRIIA —F ¥
HEEL, BEEEMIHLT, Wbh®dt—Fv 8
BREH| L FESERERT Z EBHISN T W50, BE
Bl LT EARERIBES McshTwRy, %
Z CAMZETIE, clomepropilliE S5 E TO A A =
AL BEAT2 2L 2HME L, $icclomepropilEic
o TREIND = F v U EGEK & OEE R LI ER
AHZ XA DT ORE 21T 7, HERIZ, ERI
T3 CEHENS,

F2ETIX, % ¥clomepropBErERs —F v 1E
RAE2ET 200 E D ORI 21T 72, £ DFER, clome-
propidEREB LOA —F ¥ MERAOZEREK LFEE X
NT0EA—F vV UFAEHBRIEBLAEREE LELS
7223, clomeprop® ks EY (DMPA) &L
7z. ¥ 512, DMPAXclomepropk ¥ 4 2 D BWEE
[EEEECA—F Y VY EEERLIZZ LD 5, clome-
propEHE A —FV UEERIZEA RS T, EYEN
TDMPAIASREE NI BRICHID T —F v VR
BEOBERCA—FyELTEBIN, A—Fy U ElE
RLUTWBHFEMLE W 2 EXRERE T,

# 3E T3, clomepropDMPAMLEEIZH - 23D
A=V 7, EREAEOREK, MRIEEL VLR
BB zFVoBEELTWw A Ed) ORI RS 4 2
VHHEY) R RN TITo Iz,

Clomeprop, DMPAMLE#ZICENS, EOH—) VT
PERMAEOHAIR TSV VERBER (ACA) =
F Vv ERER] (NBD) 20832 Z L 2L VB

Wiz, giz, =F v £ RERethephone (ETH) #L5
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Wk, EFLIB1EOMRIMENEI -7, LT,
clomeprop, DMPALEEIZ & v = F v > ED#EN, ACC
synthaselE M DA INE 2> 7203, ACC oxidaseiE D
BARES Rz, 2o DFERH S, clomepropld
HEYMAN TDMPAA & 21k L, DMPA#SACC synthase
BEhEMARIRI LY, ZF VU EREBOEINE
BERB I LTV AHEEENEB W I E¥RE&NZ, ZLT,
ZFOMRELTERB LTV UONBRBAEE 25|52
LTwabpEHEEIhL,

Clomeprop*DMPA#5| & #2 Z A EMHIZIR O
RBAFEOEE I IZELEL LIRTUEETRE{RLS
ZEBHISNT WS, 2 THE 4 ETIE, % ¥ 'clomeprop,
DMPAD ¥ 4 a2 VIREMBBOEEBEREE BT 55
VYOREIOWTHL»IZL, ZLTELREIED
EENHETOBRIEK T A LICLY, MAERCE
AR OERORRBRICODVWTOHMR 2/ Z
LERERNE L. ZOHER, RELETHDMPAHACC
synthase {EMEZHA S &, BR L L TEYERNICZF Vv
VHERT A I L TCRERERSIERILTWE DL
HEIn, 7, EFELBRIMUEMCBEBREEORE
WBRE B0IX, EFE, BETDclomeprop ¥ DMPADK
N, BT, RPOECL->TE|ERI IS, ZERP
ODMPAEDZEWAELBEEL TW3HEENEWI
LERLR, ZLTZOEERFODMPARDZEN T F
VIV ESRORY, BENLEREE, BRNCHLE
HCTORBREOEREDELFIESEIL TSI DL
gaxni,

. E5FTiE, clomeprop®DMPAMERIZE Z %54
a2 VHR» S OEREERHPABOREEE = F LV >
BEEL TWE DOV TORE 2fTo7%:. % DR,
clomeprop P DMPAMLER Z & D BHRERHICEINI->T
IFVVBOEIMBR SN, 7, TF Vv {ERHEE
#l (NBD®PPOH) #ME T2 itk > T F L /1E
BE2EECE T, Zhoickd 2RlZIFV
VEBHIHEIE 2 52 WERE T, DMPAMLEIC X hHh
P ERERECHROFRERESTMZ S, k72,
clomeprop°DMPA @ i3 % O B fRE I H 13 REA I
MREL D bHICE I > Tz, ZTh6DI b,
DMPAMACC synthaselFE2EARSI LI LiIcd>T
TMT 5L F VL TEANE R SR S h b B
BRECESELTBY, Z0EOTE2EBREAOBREL
- THENBOEEHIEE S LTV B ATREMELSSE S R & Itz

%6 ZTlX, DMPAMLEZICE Z 251 2 ViiR» 5
OEMRERHZ, TFV Otz & ENBENES
LTWwahEIORN%2To7%. DR, clome-
prop, DMPAMLE# DO ERERECAROFRERE R,

7 ) —F Y hNDOWEH (tiron, ascorbate), 0,DiEE
#| (L-histidine, dabco), + OH ® #4 % #| (formate,
benzoate) ZHIMET 3 LicX DB SN, ZFLT
FRIRFCOHER ORTLE I X D EEECHRA, Ly
L, 7V =7 Y9 NVDOHEEHR, '0.0HEEF OHTLE IR
DMPAMLEB®H DL F v v ERBICEERE 2 kb o)z,
Flz, 7V — 7 VA NDEERR0,DEER ORTALE I
& Y DMPALEZ DBRLIEBEEOB RS, &
S IEBHERECAROFREREDCRE L BRIVIEER
ORI IZEBWIEOHBEREFRO D 5 7. TS DFER»
5, clomeprop, DMPASLE# I Z 2 EFERH I
X, =FVUPUHNOBERE L TEEREE B0, K&
3 ERE OBEBIELELEE L T 2 AREN»H 5, £
LTZOEEBRIF VvV EERERBRIEELI L
o UBREORE23IERILTVWEDOTIEEL,
OB EBECIERAL TWAAREERHE I L b
R AN,

UEDOERD S, BRZEHEYW B 5 clomepropDfE
FARBRROE>IERS b LH#EEEINT:, Clomeprop
REVBERTTINVT YVT S ¥ —FiZ &> TDMPA
ChkafEE RS, # L T#FODMPAR, +—F v Ui
AEABCREATHILTHID TA—F vV U ER 2 RE
T2 L5125, 20D, DMPAIZACC synthaseiE i %
WAERBIEWRED, ZEODIFVUEREREE S,
ZDIF VY BEEFTORERELRL TCOERER
H, BIROFREHEL Vo EREZSIEEIT, 20
DMPA®D{ERS3, clomepropiliih & EYMERIEICE 3
AHAZXLEKRKELBEELTWE D EEbNS, £,
DMPAMEZ O EFERH X, —F Vv v OfIz0.28
BEELTWwWa Z ENRBENTY, ZF L 0B ED
BIZBEb-o Twa0LIE2VnTE, SHESIERFTT S
DEBERHBIEL S,

B =

FWIRETIC BT VeSS, HEREBVE L, R
BRZICAEYMCERERE, ARG E BEHE
LET%T,

FEBREITOMIEL CBLIUEBEE LD TH
72h, WICHERZHEEY, HEREEEH Uk, HEK
RFICHEYCERBBEE, MARB IR WAL
kT,

¥/, RGEYIREER EEEREHBE 2BV £ L,
RBERFLHEE, OFEERL R B#EL BT
7.

RERERNFEREE, SEE—FL, RPERECH
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