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ABSTRACT

The effects of simetryne on light induced electron transport and phosphorylation in isolated
spinach (Spinacia oleracea L.) chloroplasts were investigated in comparison with sencor and
DCMU. Simetryne, like sencor and DCMU, completely, inhibited PSI electron transport
and phosphorylation with 107 M treatment but did not inhibit PSI electron transport.
Interference with the electron transport pathway was ¢videnced by the grearcr sensitivity of
oxygen evolution and uptake than phosphorylation. The following order of decreasing
inhibitory effcctiveness was exhibited; DCMU >simetryne >>sencor.

The photoacoustic technique was also used to monitor the relative photosynthetic activity in
the leaves trcated with the herbicides (simetryne, sencor or DCMU) in vive and in vitro.
Photoacoustic measurements on intact leaves provide guantirative information on two related
aspects of the photosynthetic process, namely, photochemical energy storage and oxygen
evolution. The relative photoacoustic signal of leaves treated with the herbicides showed low
level in 21 Hz, but high level in 380 Hz and on isolated chloroplasts (both 21 Hz and 380 Hz)
in comparison with that of the untreated leaves. These results suggest that some of
photochemical energy is converted into the heat owing to the inhibition of clectron transport

pathway by the herbicides.

Abbreviations: Aseo, ascobatc; DCPIP, 2,6-dichlorophenolindophenol; HEPES, N-2-
hydroxyethylpiperazine-N-2-ethanesul fonic acid; MV, methylviclogen; p-PD, p-phenylenediamine; SiMo,

silicomolybdate; Tricine, N-tristhydroxymethy) aminomethane.
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o A FA 7t H = JelskA] W B4 2B A A A Sl o] &Fm glvh 1
B} A 2§ EF9 e @l A2k A 527 e8] & Qb e s o 5 vl
biocides= 525l 4xehe 24 44ke] F712 =23} Biodded w519 Al&2A| = o
a9 ke AR A FFA 7l TS Adsle Ao 2 dex vk (Trebst, 1979). ©] &}

= g

28 A zAlEe 2 A [ Bdiel E4se 53 A AYTond 2
o] el HEE sk =z, T Azl shald] AAsof 9l plastoquinonest Ak
2] midpoint potentlalo] Walgho 24 B4 Asirt deodetn BmEm gl (Bougcs-
Bocquet, 1973; Velthuys and Amesz, 1974). 12} o] ok &2| Velthuys (1981)+= A T A
2A4) 7} plastoquinone antagonist—3 #A| [ 2] #- ¥-9]ell 4 plastoquinone?t 2 TF-4] & F1
A A A ok Faskg vk

B TN E AFa) Y HelgdEa 2 A o] E3hy triazineﬁ] &4l simetryne® sencor
2 DCMUSH v 2ate] AdabAd gzt FelAshybgo] w2 & 43kg AEEL, o] ¢ ofge

15 A 248 Azlddl @2 photoacoustic signal®] H3E 5-57—-2]' gl

M Y A&
N =, A F 2] (Spinacia oleracea L.) S A Aol 4 T 5led, A5stn 445 o8 Fel 4}
2349l ot
gd=x 2. Lee % (1983)4] whiol| alzl Al% ] 4 g 10 ml®] Tricine-KOH%+5--8-8
2 o] gt PAlEe]e] o8 %z 24 F H552, o] F 50 mM HEPES 2528 (pH
7.6)0l A ek g AAH FubgA A4S %‘(%z‘.%zﬂ Hetl) o7 2483519 v
e BA g TolMstg S, A7) kAl BAL ol 5A AH o2 Lee

= (1983)2] uhdell 9 3te] Clark-type electrode® Q. 3138 ZA 51913, HCl & Aol 23]
o 22 ek o 2HE thylakoid channel 2 $-91 = proton®3 &7 84 vt (Nashimura et al.,
1962).

Photoacoustic signal Z2&.  Photoacoustic signal& @7 $15+¢ 39-& He/Ne-laser (632.9
nm)2 st 2=, chopperell ol FupE “47‘01'93.51' o] 3’];1—4’%‘%‘ Al Zof) 7lghe
24 L= E sample cell (EG & G 6003)2] photoacoustic signal® Lock-in amplifier (EG &
5206)5 o]-f-5}e] 7] BAle 71 F35H3 b (Buschmann and Prehn, 1985).
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Table 1. The coupled electron transport activities of chloroplast isolated from spinach with various con-

centrations
H:0 Axco. + DCPIP
Treatment MV $iMo + FeCy p—PD + FeCy MV
pmole Oxmg chl./h
Control 54.2+1.74 129.31£6,92 156.7L£7.47 216.6E£12.80

107"°M 63.1£3.26 121.0+1.93 126.51£10.70 206.2+15.31
é 107 M 58.045.29 110.1+9.62 123.91+4.49 195.8+16.40
g (10 M 53.0+1.74 95.0£7.50 124.2:11.29 191.6L£7.79
'U'Eg 107 M 28.11+4.18 90.5+6.39 83.6%6.21 189.5+7.79

107¢ M nil nil nil 181.218.84

Table 2. The coupled electron transport activities of chloroplast isolated from spinach with various con-

centrations

Treatment : H:0 Axco. + DCPIP

MV SiMo + FeCy p—PD + FeCy MV
pmole Ox/mg chl./h
Control 54.2+6.07 114.1+4.45 121.6+2.04 189.5+7.79

107'°M 59.0+4.90 103.1£2.49 115.0£4.63 189.5+10.62

‘é 10 M 61.5+1.40 95.2+£5.42 108.6210.72 187.5+5.10

§ 1078 M 60.6+2.67 90.3+7.42 97.1%£2.62 191.6+2.94
107 M 39.742.30 74.7+1.11 7271593 197.91+2.94
107¢ M nil nil il 187.5+10.20

SiMo ¥ H:0-+pPD)E simetryne®] ]2 7t S7ighell wlel #4329 alAgt A2 vy
b, Al T3 (Asco+DCPIP—>MV)—4 Aol 2A dake A gu e depyeh &
3 107 M A zl2] A AdA ok A [AA o] 242 30~50%2] A#F By o 107 Mol 4]
= %A 3 A=A ';a“i zhetsbg el Sencor?] % 4E simetryne®} ub3k7bA1 2 coupled clectron
transport -4l ] AlBA| o} Al MBA ] s A= At Aef WB4bg vhebyend, =) T34
dlAe A& FeFS FA Fage (Table 2). =7 uncoupler®4 NHCIE = 5he
uncoupled electron transpore &Alell 3t simetryne¥} sencor®l FEW L F4lgt A,

coupled electron transport Z4lef] ule] =& 248 ejy o) ‘”*ﬂ gL AR VhERE
om, F AlEA F3F] 107° Mell A& A FA 2 A [[3’3'751 o A& bl e) A ald 2e) abss] gleh
(Tables 3 and 4), ©]4M¢] Azl= triazine A %2 Al ZA Y simetryne=t sencordl] &8k Az} &
54 JAERN 7 A NHFA gleg B FE= A2y, Jubd R yrea, triazine triazi-
none, anilide 59 A &A|F0] —N—C= ¢ 7=, o] 5L A=}t 5FL £24)71 & Qo
spl A o] qF 4 vk} (32 Kd)ofl 2T o2, FAel Ao Adrte) 528 A ] 44 9 11}' N
FAl of Tkt EF = Abolol A AAstE A= Pl §18 (Trebst, 1979; Trebst ef al.,

1983)el] 7] olgteba &= gich, s o) & A 2A)E2 ZiZHi% Aol 3 [o=4.0X107 M

om|
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Table 3. The uncoupled electron transport activities of chloroplast isolated from spinach with various con-

centrations
Treatment H:O Axco. + DCPIP
MV SiMo + FeCy p-PD + FeCy MV
rmole Oz/mg chl./h
Control 91.4+6.81 199.61+8.32 185.81+15.72 212,5+5.10
107°M 89.6+8.97 205.1+5.27 195.7+4.84 202.2+2.94
g 107°M 81.9+1.09 177.31£12.33 126.7+12.70 187.5+5.10
g [10s M 77.5+8.61 179.8£9.20 126.1+12.70 191.6%£7.79
'mé 107 M 44.1+2.72 86.5£5.67 65.9+12.59 193.7+5.89
107°M nil nil nil 197.9+£5.89

Table 4. The uncoupled electron transport activities of chloroplast isolated from spinach with various con-

centrations

H.0 Axco. + DCPIP
Treatment -
MV SiMo + FeCy p—PD -+ FeCy MV
rmole Ox/mg chl./h
Control 82.6+9.35 155.5£16.91 190.6£2.43 270.8£21.24
107*M 85.3:2.80 146.5£3.01 185.8+6.11 254.14£19.32
w107 M 80.7+8.31 130.7£5.83 179.7£7.33 254.1+20.62
g’ 107" M 76.9%£5.73 132.0+£9.77 169.41+14.07 245.81£15.59
“ 107 M 46.5£3.56 107.28.49 111.1+4.22 245.8+5.89
107 M nil nil nil 239.5+7.79

ol A& vielvt simetryne®| sencor®.rt 14 Z#E st AAA UL BPrl (Fig. 1).
£ G 5A7F obd o Aol 24417 Fk F ok okl A A A EAEE 0.1 mMAFE F,

AT G4 5E o wohe] um Falol A9 A ol Aol A Mok ol AskA hebiy

o} (Tables 5 and 6). =3t FA) [ & AT Aol e AL ogkg wbx] oo ula) & 5}
ol 4= Tt ‘Hzﬂ HAE & Al ole 24/‘]77‘—‘*5'}"”"1 o AQE A= A9 °§i
42 AAdo] t ZToll At Aok ubw M| T4 & delviz] ghgtedd, qkafo A

o} =T AT 17’5] 3ol HE dF4 Ao H]“}TO}'}“ vield 2.2 Hol (L& |4

£), 25 F3ellA AM2ZANE AT o EL P4 A § Rz 449 shaje] oL ol

gt B4 siHd] Adste] A=A e FAe] HE AsA Jeld o2 AEge)

gt o] Al A &4 718 A& DCMU >simetnye >sencord] 2.8 ety
Ha] o Bl ol 8] 3t FalAlzub-S-oll o] T simetrynest sencord] FEW 2ol w2 ogA|

AL 2d 20 A E 5 glok F A& F3F =55 Ml we) oA A2t Alslgl o,

AR o] A5 A== 107° M (Tables 1 and 2)o14 B9 AkEdb-35 4] a5 34

=Hgiet 2y A=F A =] -9 simerryned| sencor®E Al FEo wal et A &4k

L34 ubw, Felashubgol A= A v JdAAEF vebdoh T coupled electron
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Fig. 1. Electron transport activiies of chloroplast

isolated from spinach with various concentra-
tions.

Table 5. Electron transport activities of chloroplast isolated from spinach leaf segments incubated in dark-
ness with 0.1 mM treatment of herbicides at 25°C for 24 h

H:0 Axco. + DCPIP
Treatment -
MV SiMo + FeCy p—PD + FeCy MV
pmole Oz/mg chl./h

Control 38.1+3.50 104.6X£7.72 114.8+15.70 154.6+4.97
Simetryne 19.0+1.45 62.2+5.41 52.1+7.82 140.9+4.24
Sencor 26.214.39 80.4x8.63 93.5+£7.23 139.9%£4.49
DCMU 12,92:0.41 68.5+1.59 21.8£2.21 150.7+4.84

Table 6. Electron transport activities of chloroplast isolated from spinach leaf segments incubated in light
(5,000 lux) with 0.1 mM trearment of herbicides at 25T for 24 h

H0 Axco. + DCPIP
Treatment -
MV S$iMo + FeCy p—PD + FeCy MV
pmole O2/mg chl./h

Control 74.7+9.94 77.9+8.51 126.5+£4.18 174.0£4.76
Simetrync 23,6%1.26 34.6%5.02 40.613.37 143.0+13.89
Sencor 35.2+4.10 46.2£0.45 70.0X+3.63 142.9+13.88
DCMU 13.7+0.35 34.3%1.21 34.8%1.32 128.7£3.50
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Fig. 4. Dose-response curves obtained with sencor for
inhibition of photoinduced electron transport’
and photophosphorylation in isolated spinach
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Fig. 5. Diagram of photoacoustic system (P.A.S).

transport, uncoupled electron transport B 34l 4HEHF-3-9| ol 3t simetryne®} sencor®] dA] A
E& v ot E o, F A 2A] TF v} coupled electron transportell g A A 7} sFA Ak
o, BQlAknbgoll W3 AR 7 doket (Figs. 3 and 4). oleb2E Z3b& luteolin,
quercetin ¥ texifolin $~2 atrazine®} B 2}Eo]E whol] A o7 Adste], QumrbA 3
Aol 4L A g 2y AxRA LTS A, Al d R ol Zal 4Abahbg-g dakA o
2 A5t 8tsle (Moreland and Novitzky, 1987), simetryne™ sencort ol =] 2 o
Arehe AxAE AA 7 T3 GFAE ¢ F Ak
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Fig. 6. Photoacoustic signals of spinach leaf segment incubated with 0.5 mM herbicides in darkness
at 25T for 24 h.
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vl el ol = Artemisia & @:d ol DCMUE A 2| 315l & of 8. 3Hzolj 4] W25k
TR} o 4=3g Jebd-g H4) Inoued (1979)98] mae}l dx]ste Aojd, A
m B AAAEe] AlEdl Vet 3 E Fubto A AbdutEe] A5 o5}
£ 2.3(Canaani and Malkin, 1985)% v %o & o, 21Hzol| A= A 2Aol] A 2|5l
7AS AAA 52| Aol S AbLurE ko] A& 0144 HE3E AD S} | 2T
FEE vebd AolH, 380Hze A Abdukgoll HE AT vkl g3 Al 24

oy M
ule

£

o,

>

h

|
:ﬁf. |

o
_Ol_hJ
ofi 2 Ar

RS
o

To o 4o «
B

dr

m{mf’
_,F-.-ro

2

()
g
>
4
N,
oft
2 =
d [+3
A
2
o,

- H

e

 HE
e fo 24 Boge §r fo

1o
:

xff"‘rﬁﬂ“
H_,_‘ b
PN—\.L

C oA B o

= o g2 v

T

2 E
i
2

—



September 1988 Chun er al.: Effect of Simetryne on Photosynthesis 213

— (T~ [T

e
& 218z
- A
9 CONTROL SIMETRYNE SENCOR ’ DCMU
©
=i
3]
Q r—’_—_
)
0
H
0
= r ’ r
380H2
— -
30 sec.

Fig. 7. Photoacoustic signals of isolated chloroplast
treated with 2,5X1077 M herbicides.

% ] 21 % photochernical lossell 8 BHE] = ol 1 2] 2] g
of meb A2l 77k HZE Tl vla] 2L 452 B3 A5 2
. ] 54 (452 setd)ell @a simetryne, sencor ¥
B2 AT e 27 79 e ukel zbe], 21Hz9} 380Hz 23 & Tu
o Mot 22 BEE ASE Bk o]k AxlTos 2y B2 o] LEgn A &ppEA 2
A MVE 480 2a, Aol o] Telxt Bk AulHE SR WL Fogk
A3 A 7l + %i-"—"’}, ol = Al&A S Helw A=A s odxlslm, ool wel Fdo
W27k bl del] D a3t ol 2] 2 AF2=] 7] Bet & o7k o 24 2gkedo e} 2]z
T7F G4 ETFRo} % T FEE AEE velile Aolel & £ glos a6
380Hz2] 7-$-s} 421" A=lel shA el
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A5k, B AkE-gS Al s, olua] Agucts A RPRi%l' o] A7 $AHy e
b= e, A zpd uke] el o] w2 of 1] 2] ¢ 01%7} oﬂia{ d2hslof] 23] 25kl Fol gk
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