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ABSTRACT

The degree of Zn?" effect on the photosynthetic electron transport and photophos-
phorylation activities in barley chloroplasts has been tested. Zn?' treatment was done in
the 2 ways. One was that it was added into the chloroplasts suspensions isolated from
the plants grown under the normal Zn?' level (10°M). The other was that the
different concentrations of Zn?' was applied in each growth medium. Then, it was
not added into the chloroplasts suspensions isolated from the plants. PS II activity in
both way of the treatments was more severely inhibited than PS I by the increment of
Zn®* concentration. The photophosphorylation activity measured by pH measurement was
gradually decreased with the increase of Zn?* concentration in both ways, too. However,
it was shown that Mn*" could be near fully overcome the inhibitory effect of Zn2t in
PS II, and Mg?' could also reduce the Zn?' inhibition in the photophosphorylation. In
the low concentrations of Mg?' (3 to 5x107*M) in the suspension, Zn?' (2x1075M)
could increase the activity of photophosphorylation. As compares to other cations, Zn?!
caused less inhibitory effect on the photophosphorylation activity than Cu, Cd, but
more than Pb and Ni. It may be assumed that a complex from reaction of Zn?" and
mercaptoethanol was produced and it could reduce the stability of CPI band during
SDS-PAGE.
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uka ol A Arel A7l deol el (Agrawala et al., 1977; Buchanner, 1978). &t Zn?t& A
E&Fo)A vlERT ot BMTEERES IA 8o (Kleiner, 1974), FFAdHE A&
5 vVeheh

In?*2- o EA A EBFEES Ase CO, 23-¢ A 314 7= (Hampp ef al., 1976),
53 kF B(PS 1)9 #4¢ KR I(PS INich o aA A ge) & F oh(Tripathy
and Mohanty, 1980). ol#8l& ARG W Zn*e ase oz FFHo)L
of /I & 4AAdA Zrh F Pb¥2 PS IolAN BIKERS 134 FE&& e Ao
PAFEAdgol A wazlon, Moo L8R8l ZnPto] #AAET oz HHsz Ut
(Kimimura and Katoh, 1972; Miles et al., 1972), 28y} Cult= of Ea) o A ascorbate?)
s 23472 2 A3 PS 19 #4¢& A, EKREHEEAR (CP-complex)
o 5318 doAN AAAGAL TAHL oAk (Samuelsson and Oquist, 1980). &=
Niztg Pb%, Cd*, 9 Zn**e Aole 28 HRABRERY T24d H3F doA ET
fHzo] v)stgAde WalE dofoh(Tripathy et al., 1981).
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R7WERN n|X& Zn2'el KR In*o] FHFoz FFE 2AA AKH 2Ede ¥
Blg Aol AAANTRAY FAAF, 3x107°M Zn?*Qw) PST+PSTY A9 HzT
)3t 58%71 Al Qo PSIwte] F4L 57% z8lx PS I 4.6%% A& 744
2.9 ok (Table 1).
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Table 1. Electron transport activities in chloroplasts isolated from barley leaves grown

under the different Zn?* concentrations. The activity was measured as O,
evolution (PS 1+PS [ and PS 1) and O, uptake (PS )

ZnSO, Electron transport activities, ,1mole Oz/mg chl h
M PS 1 +PS I (H O—FeCy) PS I (H;0—p- PD+FeCy) PS I (Asc+DCPIP->MV)
Control (10~ 6) 150. li 9.17 149.74 9. 14 174.4% 8.15
1078 147.1£10.42 (2. 0) 148.4410.83 (0.9 174.5%10. 30(0. 5)
107 134.4+ 8.15(10.5) 135.44 6.99 (9.6) 172. 6+ 6.91(1.6)
107* 102.3+ 9.64(31.8) 102. 44 7.31(31.6) 170. 8+ 3.01(2.6)
2x107° 76.274 6.01(49.2) 80.34 6.41(46.4) 169. 8+ 1.04(3.5)
3x107® 63.3+ 6.79(57.7)

¢ ) mhlbmon /

62.9+ 9. 04(58 1)

to the control

Each data represents the mean from 4 experiments.

167.34 2.47(4.6)

Table 2. Electron transport activities in chloroplasts isolated from barley leaves grown
under normal Zn?* level(10-®M). Various Zn?* levels in the medium of isolated
chloroplasts were adjusted just before the activity measurement. The activity
was measured as O evolution(PS I +PS | and PS I) and O, uptake(PS I)

ZnSO4

Electron transport activities, gmole Op/mg chl-h

M PS I+PS [ (H,0—~FeCy) PS I (H,0—p-PD+FeCy) PS [ (Asc+DCPIP-MV)
None(Control) 121.5+6.49 161.4:47.91 190. 3+3.94

1078 106. 4+4.18(12. 4) 140. 4:+-4. 43(13.0) 188.8+4.13(0. 8)
2x107® 102. 15.39(16. 0) 134.9-+5.99(16. 4) 187.5+2.49(1.5)
3x1078 90.7+6.13(25.3) 115.0+8. 40(28.7) 186.5+3.74(2.0)
4x107% 40. 4+3.99(66.7) 53. 615. 41(66.8) 184.4+2.79(3. 1)
5x1078 17. 0+4. 15(86. 0) 34.5+3.11(78.6) 174.0+2.84(8. 6)

( ): inhibition % to the control.
Each data represents the mean from 4 experiments.
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and Swarder, 1972; Homer et al., 1981).

EFHME] A=g Zo*te gyl AT e FFY Bk Aol o] F9 o] &0
g &g vlA Aol (Rauser, 1973), 53 Mn*9 A% @A FFA 2 BBEHEA FA
g BTYEERY Bl AslE &5 Aoh(Singh and Steenberg, 1974). & A K77k
ol Zn**& A e ¥ #EHEES SEAAIS AAADGAY A EZAH AP A& (Table 1),
Zn**e] A7k glole A azst A s Frke] wel Fobete AoZ Hol Zn*t
B - A ATE o 2 A A& ASH oz vehve A 2

=35 AEA o] BikH kel Zn?+o- thylakoide] A Mn**3 3" 4 glon 2 A
B BEBERA Bt 54 59 BAWUS =& 2487 Aoy PS 19 #Ao] o
A=EE Ao 7 3 Az vh(Takahashi and Asada, 1976; Miller and Cox, 1983). o¢]9f #-&
A2 A4z (100°M Zn*oj A AS5E B do] A g d5AD de G FAl Zn®*
S bl Aot PS 19 947k Mn*e] A7ta 38E 4 flon JEJre s
£ Mn*9] Fxo] wel ZetxA 107°M Mn*dw 94%9] 3 Fo] sbedt Azl svtgs
Fz Ao (Fig. D.

wekd Znttol o WEME iEHAME
F2 PS [o] 9% Zns Mno B4Hql
oM 5 (oo Z;;oxf'u Zgol oJste] vetE Ao, E3 4
s e 1w £RAAF] F3A AT Mns Aeld
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Fig. 1. Recovery of Zn?**-inhibited O, evolution o o le ATP b =
(PS II) in isolated chloroplasts of barley e 61.3 pmole /mgchl-hz djz¢
leaf by the addition of Mn?*. o] uB)sle} 43%7F 9A = g} (Table 3), ]
3 AflEe BFEZEY A2 (Table 1) 949 A=s & 4+ o @1 A
A z2ZAA Aek oA EHIFT GEA Zn>e AR E W s d4 AR TEG

Table 3. Photophosphorylation activity in chloroplasts isolated from barley leaves grown
under the dlfferent Zn“ concentration

ZnSO4 Photophosphorylatlon Inhibition

M ApH wmole ATP formed/mg chl-h %

Control(107%) 0. 204 107.5+4. 14 —
1078 0. 196 103. 3£5. 49 3.9
1074 0.116 61.347.41 43.0
1072 0.078 41.316. 36 61.6

2x107 0. 052 27.5%4.59 74.4

3x1073 0.033 17. 44-5.14 83.8

Each data represents the mean from 4 expetlments
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Table 4. Photophosphorylation activity in chloroplasts isolated from barley leaves grown
normal Zn2?* level(10°°M). Various Zn2* levels in the medium of isolated
chloroplasts were ad]usted just before the actwlty measurement

ZnSO, Photophosphorylatlon Inhxbxtlon
M ApH p#mole ATP formed/mg chl-h %
None(control) 0. 297 115.9+3. 45 —
1078 0.278 108.5:4:5. 73 6. 4
5x10°% 0. 253 99.04:2. 84 14.6
107° 0.211 82.5+3.15 28.8
2x107° 0. 169 66. 1:+5,37 43.0
5x107° 0.127 49.7+4.54 57.1
10t 0. 081 31.84£3.69 72.6
5% 107! 0. 042 16.544.97 85.8
1073 nil nil 100.0
Eaé}?d;ta‘;épresents the mean from 4 experiments. -
Qe AN e Hgoh(Table 22 4). 160
& 107M Zn¥tA 2] Fol A A&7t Yty
Al Zatel 107*M Zn*tol A 72%9 A o9 1x10%m
7} dojut ATP9) £ &S 31.8 pmole/mg Mgt 7
chl+hef 3439l ot 12 n—# 20 -
2 Z BFEEE 2 SLBRLE
R4 ARA=Y Ae Az vz A
Hae ole e Ach dvkehd s 2
de § 259 44clzz ddtd & Sgq
A BRo) Agstel e A AA S A Eelnt, &
Fig. 21 A€ Mg¥el S#MARMEANA  §
HAAFEq smMGX107°M)ut Fopxd  §
AdAez A8¥e ¢ A Ad¥e £
Beh e Fxdd w Zn*t (2X10 M) g
skl A& 9%AA HEAAS: U9l 3
£d olZdoez Mol Zn*X ol Atdle] A
Mgzt Zgpyo 2 24380, o= Wl o
ol A& Zn*o] Mg {ERIE HAZ 0 2

9 AL TPk

Zottol @ tAERALel A Fz
Mgetste) o] obyl thylakoid® iy,
29 Hel FE7 sl 9e] 9 2

CONCENTRATION OF ZnSO4, xIO°M

Fig. 2. Interaction between Zn?" and Mg?**

on

the photophosphorylation of chloroplasts
isolated from barley grown under normal

107°M Zn** level.
Q=] & %}o}—h’- A3 107*M Zn**e] M7tz ApHE dlZ2F-H b 0.0664 ¢
A e Hre) ¢ A2Tact 40%y stobleh(Table 5).
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Table 5. Effect of ZnSO; on the light-induced proton uptake of barley chloroplasts isolated

from the leaves grown under the normal Zn?t level(10~M)

Table 49}

ZnSO,
M

1078
5x107°
107
2x1075
5x107%
10-*
5x107¢
107

ATPER] A

A3

2] oA Bl thylakoidsl wol:
t}. & Cu**E CF,(chloroplast coupling factor 1)} SHE:S} =33t ATPHERS

o olHel &

None(control)

v male Zntto] HYg = (RTFMER) 1} thylakoids] HHEsp4el wse
Ao dAsAE W3 JdHeA
el o) A e 2oz ApHS Bl o Folx
BT HE EE(PS 1+PS 1) 1229 oAwe
H*S3hgo] 4 Aol FUele A 4T

o s H- Ton/mg ebl T
0.164 507.3 —
0.159 492.1 3.0
0. 153 475.3 6.3
0. 145 448.9 11.5
0.131 405.3 20.1
0. 102 317.1 37.5
0. 098 305.9 39.7
0. 088 274. 4 45.9
0. 081 251.6 50. 4

doA

7k, vbek Table 4614 1073M
12 %& zlol Ade] Hx el &
Byeonz Hfgs

T ARE

<+ A

e Aoz ®ssElz glvp(Uribe and Stark, 1982). ¥ A doAlx Zn?tz} Mg?te] 433

A4
5,
i B

of e a(Fig. 2), CFiol A Mg—ADPEIA F Ao

o) e BE

-

=3 SHiol @ Beho)l 2R o2 ul %ol Jocelyn, 1972), Zn*ol 213 HBMIK
ge $34 A% gl

AA & oA A He

CONCENTRATION (M, log)
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Fig. 3. Effect of various cations on the photophosphorylation of barley chloroplasts.
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BTEES LBifkto vl A= Zn*e o
&g AFoAR olet 2 H Aol in vive
011*15 7ol deofideisd Zn*te] ¥t
49 Ade FZ FAasld A oA st
FUAY Aoz deldh

TR EA v A & Zn*te] o & o
& Bolesst vz Ax(Fig. 3), A
o faTEs) 7t Cde 8.4x107°M, Hg
L 4.8X10°°M = 7}A ok z, Cal 1.1X
107°M, Mg 1.8x1073M=z Ad Hgkeo
=, 299 AEL 2F 1.6~8.4x107°M
o W ol EAso] et 2y V,Cr,
Mng 7.4~8.4X10°M =24 Cu, Co, Pb, Nj,
Zn9 #$-(1.6~3.0x107°M)B} Al
F7b 5 4 F U

CPEAMe REMH olXEs Zn*el ER.
HACBRERANA EHFE TH2 &+
249 ol uA & Zn*e] {FRES B
7l 3l CPEAERE A7/95ez 4
3 A3 (Fig. 4 F g EAo AHsg Zn?

9 =7t Fhg 9 CP Io] A¥Az dA3 £442% 4%+
1978), Table 12 Table 20 A& Zn?to] 93l =
Folw, xa & A&

5S¢ 1A Ao 24 (Anderson et al.,
iEdEel 5% AxX AHE dAS
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LHCPIII”

e

Fig. 4. CP- complexes separated by SDS-PAGE

from barley seedlings. a: control, b;
mercaptoethanol+2Zn?*(1mM), C; mer-
captoethanol+Zn**(2mM), d; mercap-
toethanol+Zn?*(4mM), e; —mercapto-
ethanol, —Zn?*, f; —mercaptoethanol,
+Zn?*(4mM), g; preincubation with
mercaptoethanol+Zn(4mM). Uneveness
of front line resulted from distance
difference between electron pole and each
gel tube on the structure of electropho-
resis kit(rectangular form).

CP 1< PS 19 7|

e PS 19 £¥<l CPast

LHCP (light harvesting chlorophyll protein complex)= CP 13 vimd =} AAel ZE

fol & A2 Ve o1 d A

wY) 24¢ Mzddch 2 A% Ar19 5 ALsE FEAEE
Zof glo ml g4 o] AL AAse (Fig. 4 e
CP 19 4

4719 %% o (Fig. 4g) CP 19 =4
A7 A 4% 2= g

A& A A7 Aol A" KiE

E ol = mercaptoethanolo]
2 ), Zn*e] FEI Folxx Az

da=d-2 deiutA] Ggteh. & SEEEEES A9z 587 4X% F
ol e}l LHCP¢} CPax ®3slgch. =z} oln)
ojg} 2 A=
4 $1¢] 4] (Panchal and Bhattacharya, 1972),

Zn**o] thioldl f&#s S¥EE Y4 T

o] el AsdEAAAN CPEFAF

538 CP 19 t34E FolsA AstAIN7] £l geldels] CP 19 £Ae] dAs}A

dolute Aoz FAd
AgAA Y el A Zn*P w2 H

AZdz A=lg 4+ gl

AAA BFE:ERS FTAHRSE SBEBAEES
o AA JA g e, mercaptoethanole] uhSi}E-2

53 CP 19 AL aA A
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Zn**o] G EA Y BFAA vAv 4F¢ FH2A 2o EHES ASet] ETEE OHEIR
el BHEAE ¥ BRKB I3 CPEIAY ¢44¢ 2489w In*' e $23 SEERE =2
ol A o, A&A wbS &N 2L AAAE, F&, PS 19 HEEE AfdR e, ol
RBERS OIS o a2A Adagich. BTEEEY Ads Mool st 35" 4 ddes,
FHELEA A Mg sk Zn* s A2 71549 A4e veild @4 A7 G EeA CP I Zn*' 3t

mercaptoethanolo] 23 474 F3=-2 2 4+ Aot
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