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Synopsis

Effects of ozone on the photosynthetic capacity of chloroplasts isolated from spinach leaves
were investigated. The effect of the air bubbling was eliminated and the net effect of ozone was
obtained by stabilizing the chloroplasts on treatment with polyvinyl alcohol (PVA). Electron trans-
port rates in the photosystem-II were more inhibited by ozone than in the photosystem I both in
basal chloroplasts and uncoupled chloroplasts. Ozone was thought to react as an electron transport
inhibitor in the photoelectron transport system. The reaction rates in the photophosphorylation and
H* concentration gradient were reduced with the increase in the ozone concentration. The reduc-
tion in the reaction rates of the photophosphorylation was thought to be mainly due to the electron

transport inhibition and H* leakage from thylakoid membrane.
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Photosynthetic electron transport system in higher plants
: photosystem-1

: photosystem-1I

: antenna chlorophyll

: nicotinamide adenin dinucleotide phosphate
: ferredoxin

: ferredoxin-NADP reductase

: primary electron acceptor of PS-I

: trapping center of PS-I

: plastocyanin

: cytochrome-f

: plastoquinone

: primary electron acceptor of PS-II (C 550)
: trapping center of PS-II

: unknown electron carrier

: unknown electron carrier containing Mn

: methyl viologen (artificial electron acceptor)

: KsFe (CN)g (artificial electron acceptor)
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DPIPH, : reduced form of dichlorophenolindophenol (artificial electron donor)

PMS  : phenazinemethosulphate (cofactor for cyclic photophosphorylation)
DCMU : 3-(3, 4-dichlorophenyl)-1, 1-dimethylurea (artificial inhibitor)
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+2dehydroascorbate (8)
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F2H 0.1 (9)
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Fig. 2 Apparatus for the measurement
of electron transport

1 : iodine lamp 2 : water filter

3 : glass filter 4 : reaction cell

5 : stirrer 6 : reaction mixture

7 : temperature controlled water

8 : oxygen electrode 9 : control system

10 : recorder
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Fig. 3 Apparatus for the measurement of
cyclic photophosphorylation and pro-

ton concentration gradient

: iodine lamp 2 : water filter
: glass filter 4 : reaction cell
: stirrer 6 : reaction mixture

: temperature controlled water

W N 0w o=

: pH glass electrode 9 : pH meter

10 : recorder
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Table | Decrease in the reaction rates
of the chloroplast treated with

air bubbling for 5 minutes

reaction rates relative

chloro- ) ol Oy/mg chl. h)

reaction — ' reaction
plast no 5 min air o

bubbling bubbling rates(%)
DPIPH,—»MV basal 198 200 101
H,O0—FeCy hasal 19.9 16.3 82
H,0->MV  basal 45.8 45.0 98
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**PMS : phenazine methosulphate




Table 2 Decrease in the reaction rates
of the chloroplast treated with air

bubbling for 60 minutes
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Table 4 Comparison between the reaction
rates of the PV A-stabilized and

unstabilized chloroplast

chloro- reacion rates relative chloro- reaction rates relative
reaction .. reaction ... Teaction
no 60 min air ) unstabiliz-
plast bubbling bubbling rates(%) plast  PVA-stab. ed rates(%)
basal 475% 204* 43 basal 156* 158* 101
DPIPH,—-»MV DPIPH,—»MV
’ uncoupled  646* 310% 48 uncoupled  445* 445% 100
basal 55% g 16 HLOFeC basal 18. 8% 18. 8% 100
H,0—-FeCy U—lkely
: uncoupled 98%* 19% 12 uncoupled  104* 104%* 100
HOLMY basal 61% o7* 44 HOLMY basal 41.5% 45. 4% 109
0 O
‘ uncoupled 91* 35% 38 uncoupled 94, 5% 102* 108

proton conc. grad.¥* (,262%F 0, 079%* 40

proton conc. grad.®*  (.419%*% 0.417*%* 101

photophosphorylation 177%%% T0RRE 40

* upmol O,/mg chl. h
* proton concentration gradient: req H*mol/mg chl.
**yeq formed ATP mol/mg chl. h
Table 3 Stability of the PVA treated
chloroplast against air bubbling

for 60 minutes

chloro- reaction rates relative
reaction st o 60 min air reaction
plas bubbling bubbling rates(%)
basal 335% 333% 99.4
DPIPH,-»>MV
uncoupled 437* 456* 104
basal 18. 3% 17.3% 94.5
H,0-FeCy
uncoupled  38.2% 39.6% 104
basal 34. 8% 34. 0% 97.7
H,0-MV
uncoupled  62. 2% 62.6% 101
proton conc. grad.®* (0, 368%F  (0.368%F 100
photophosphorylation — 211%%* 203%Fk 96,2

* upmol O./mg chl. h
** proton concentration gradient:zeq H*mol/mg chl,
***,eq formed ATP mol/mg chl. h
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photophosphorylation ~ 399%%*  395%%+ 101

* pmol O/mg chl. h
** proton concentration gradient:xeq H*mol/mg chl,
***peq formed ATP mol/mg chl. h
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Fig. 4 Effect of Oy bubbling on the relative reaction rates of the PS-II
(H,0-FeCy)

o
A
8
E
c 80
£
o
<
L
=60
L
Z O : basal level
_:_'G
= 40 a : uncoupled level
20
0 20 40 60 80 100

concentration of O3 (nmol/ml)
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Fig. 7 Effect of Oy bubbling (5min) on the relative reaction rates of PS-II

without PVA treatment®
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