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Effects of Ozone on Photosynthetic Electron Transport
in Spinach (V)
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Synopsis

The effects of the ozone bubbling on the photosynthetic capacity of the chloroplast iso-
lated from the spinach leaves were investigated. The photosynthetic capacity of the chloroplast
was found to be inhibited by the addition of the supernatant fraction of the chloroplast suspen-
sion treated with ozone bubbling. Propionaldehyde was detected in the supernatant fraction.
When the reagent of propionaldehyde was added to the normal chloroplast suspension, the
inhibition similar to that of the ozone bubbling was observed. Propionaldehyde was determined
to be the reaction product of ozone and the chloroplast, which inhibited the photosynthetic

capacity of the chloroplast in the spinach.
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The effect of the addition of the supernatant fraction of the ozone treated chloroplast

suspension and ozone bubbling on the photosynthetic reaction rates of the chloroplast

reaction rates of chloroplast with
addition of supernatant fraction

relative reaction

( rates of
reaction chloroplast) : i chloroplast
vams:g Z?g;ttl:;]t reference®? relative reaction treated with
fra%tion’“1 rates (%) 05 (%)
DPIPH,>MV (basal) 399+ 457*4 87.2 95
H,O—FeCy (basal) 93*! 125*4 74.7 52
H,0—-MV (basal) 168*! 241 69. 8 75
H.0—-MV (uncoupled) 421%¢ 556%1 75.8 75
proton conc. grad. 0.137%® 0.179*%° 76.5 50
photophosphorylation 152%6 209*¢ 72.8 56
*®]

with the addition of the supernatant fraction of the chloroplast suspension treated with 120

nmol/cm? of ozone bubbled at the flow rate of 10 cm®/min for 60 min

*

o

* pmol Os/mg chl. h
*5 weq HY/mg chl.
*& ueq formed ATP/mg chl. h

ot

normal chloroplast with no addition of the supernatant fraction
treated with 100 nmol/cm?® of ozone bubbled at the flow rate of 10 cm®/min for 60 min



62

BALT&E0D, LBRIRMO ML+ vk B5EHE
BRI EERE LB s X < ltva, &
DT bbb, F VU L BEREOR T EE R~ O
BN, AV itk TR L BRI
BLDTHAHI LB BN -1, $ho, TOIK
WEHEHEERE 7 e P v AR, B LU vEEL
RISESEZA UL 5T aws 2 &0 b, HTRE
BREF & LTIV TW B EF 2 bR 5,

32, FAEFCTLTFE B LUTREF ABER

i) 7

F 7oA VERRET B Y v IR BRSO s
B4 <, RamEhEgTHd, oFThby /v
1 v EL G EIRTVD, DY 7/ LA BN
AV RLISBEOREE L LT, 3REOE Y
Borvmed v T aAaFe VT Ea vEENEL LR

B SOLAT LD, 31 Tl TKWEHE L
TV RrEA Vv TAFe Ve rEd vEEEZHEEL,
IR EGARBIGCIRM LT, ZoXAREiET
T AR A WA,

Fig. 1 & Fig. 2 1, WE@#EEBRCthEh 7 =
EA Y TATFe FEBLO Y v E VEER IR LICKD
FAeEER L, HLFERIL, R LORILSEREE O
DEER LS DTHD, 7 » EF vERTLVThiz
MLThBEAEEEL L 2Icwn, Tedd T
F e Fia ¥ bR (H.O0—-FeCy) & X OW bt R4
& (HO—->MV) 5t UCHHE I i8R 5.2 B 2 EAUR
=F (% i

Fig. 3 & Fig. 4 23R EON Y v L ES L O
e b AT e v T AT e FREIOS
B A VBRIMO A RT, T r v T AT e ¥,

— 1004 ]

i

& 801

e

£ 60 i

g

z 40 o : photosystem 1 (DPIPH:—MV)

3] . .

.= ® : photosystem I {H20->FeCyv)

E 201 a - total photosystem {H20—>MV) 1
0 - et — —rrr T
1078 1073 104 1073 1072

conceniration of propionaldehyde (mol/1)

Fig. 1 Effect of propionaldehyde on the reaction rates of the photosynthetic electron

transport systems.
with no addition of propionaldehyde.

The reaction rates were expressed as relative values to those
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Fig. 2 Effect of propionic acid on the reaction rates of the photosynthetic electron

transport systems.

The reaction rates were expressed as relative values to those

with no addition of propionic acid.
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Fig. 3 Effect of propionaldehyde on the H* concentration gradient and the photo-
phosphorylation. The H* concentration gradient and the photophosphorylation were
expressed as relative values to those with no addition of propionaldehyde.
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Fig

. 4 Effect of propionic acid on the H* concentration gradient and the photo-

phosphorylation. The H* concentration gradient and the photophosphorylation were
expressed as relative values to those with no addition of propionic acid.
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acetoaldehyde
propionaldehyde
Csaldehyde

Cs- aldehyde

N

J,J (
e
3 min

(a)

Fig. 5
(a)
(b)

(c)

(b)

e
3 min

{c)

Masschromatogram of standard aldehydes and chloroplast suspension.
reagents of C, to C; aldehyde.

chloroplast suspension with no treatment by ozone.

chloroplast suspension treated with 120 nmol/cm® of ozone bubbled

at the rate of 10 cm®/min for 60 min.
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Table 2 The recovery of the photosystem II reaction rates after the addition of benzidine

reaction rates of photosystem 1

lati
(gmol Op/mg chl."h) Wi
0,
reference"‘1 propionaldehyde*? rates (%)
with no addition of benzidine 86.2 72.4 84.0
after the addition of benzidine** 89.3 82.5 92.4
reference** supernatant™®®
with no addition of benzidine 87.4 66. 0 75.5
after the addition of benzidine*® 92.8 78.5 84.6
*! with no addition of propionaldehyde
*2 with the addition of 107* mol/l of propioaldehyde
*3 benzidine was added to 33 M
* with no addition of the supernatant fraction
*5

with the addition of the supernatant fraction of the chloroplast suspension treated with
120 nmol/cm?® of ozone bubbled at the flow rate of 10 cm®/min for 60 min
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