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Effects of Ozone on Photosynthetic Electron Transport in Spinach
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Synopsis

The eftects of ozone on photosynthetic electron transport in spinach were investigated under

several experimental conditions. Electron transport from water to 2,6-dichlorophenolindophenol

(DCPIP-Hill reaction) in the chloroplasts isolated from the Oz—fumigated leaves was inhibited even

under such conditions that visible injury was not detectable. The relative activity {%) of DCPIP-
Hill reaction decreased with increasing O,-dose [O; concentration (ppm)x fumigation time (h)7].

The changes in relative activity of DCPIP-Hill reaction with time after the Oj;—fumigation were

also investigated.
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Fig. 1 Ozone {fumigation system

1: Air compressor, 2: Flow meter, 3: Flow control valve, 4: NOx oxidation

vessel, 5: NO, absorber (activated carbon), 6: SOx absorber, 7: Og~air mixer,

8: Oxygen, 9: Ozonizer 1, 10: Ozonizer II, 11: Fumigation box, 12: Fan, 13:

Sample (spinach), 14: Fluorescent lamp, 15: Gas sampler, 16: Draft chamber
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Fig. 2 Spectrophotometer for the measurement

of photosynthetic electron transport

1: Light source for the spectrophotometer, 2:

Monochromator, 3: Cell, 4: Interference filter,

~

5: Photomultiplier and amplifier, 6: Recorder,

7: Microscope lamp, 8: Heat absorbing filter

and cut-off filter.

25 0074 LDER

Pra )

smwr7 4 AOFERT Arnon OFEIRIC L 5 7,
F I O R RN 0 H80% 7 b v KK

Crmw7 g R,
645nm,
74 MR L.

kR

663nm (s v B WIEE A HIE L ¢,

HWT £ o

VR ==

61

3. HRBIUEZE

R Gho v vy w) RFTERED A v
TR U 7T & 24 RS I PR AR O A BT
R GEE (DCPIP-Hill Sk # WE L
(Table 1, 2),JMAGIA 17 - 7o ORI PR 120
~24°C TH ot 4V v F—arwL, Hill FiH
EME (%) (g ox Bk Hill FiEEtko M
2 100% L) A7 my PLicbow Fig.3 (M
B, Fig.d (4R R, AV v F—R)
1.5ppm h I ds\ > TrrME R I A © Hill K&t A 925
BIETF L TWAHRAAREELH » b 3, Fig.3,
Table 1) # v v ¥ —2A7 2.5ppm h 2% % Lo

Thble 1 Hill activity of the chloroplasts isolated

from leaves without Oy fumigation

Sample® )Hil] activity (#mol DCPIP red./mg chl. h)

HI1 71.0
H12 74.5
H18 72.4
mean ' 72.6

a) Hl1l and H12: spinach (Heian-hiyoshimaru) sowed
on Oct. 18, 1978; H18: spinach (Heian-hiyoshimaru)
sowed on Oct. 31, 1978

Table 2 Hill activity of the chloroplasts and observation of leaves after O, fumigation

Immediately after the fumigation 24h after the fumigation
Sample®? Os dose? Hill activity Hill activity 1
R i lati -elati
(fumigation date)  (ppm h) V.Le (;zmol QQQBEQ) (zfcetiirilt\?‘”) V.L® (pmol DCPIP red.) gﬁtﬁ,ilt‘;%,)
mg chl. h mg chl. h
H22 (Mar. 26) 0. 38% - 67.9 (93.5) | - 51.3 (70.D
H24 (Apr. 16) 0.52% - 68.1 (93.8) — 58.0 (79.7)
H15 (Feb. 15) 0. 722 - 62.8 (86.5)
H 7 an. 24) 1. 00% - 61.5 84.7 - 43.4 (59.8)
H17 (Feb. 19 1.289 - 54.3 (74.8) - 42.9 (59. 1)
H21 (Mar. 12) 1.46% - 52.6 (72.5) - 58. 6 (80.7
H 9 (Jan. 30) 2.24%9 - 64.6 (89.0)
H13 (Feb. &) 2. 587 + 57.5 (79.2) +++ 58.0 (79.D
H14 (Feh. 8) 2. 66% + -+ 55.3 (76.2) 4+ 4 29.7 (40.9)
H20 (Mar. 5) 3,402 + 62.2 (85.7) + 51.1 (70.
H16 (Feb. 17) 3.720 - 37.1 (51.1) - - -
H10 (Jan. 31) 3.859 ++ 43.2 (59.5) + 4+ 48.1 (66.3)
a) H7 to H14 and H16: spinach (Heian-hiyoshimaru) sowed on Oct. 18, 1978; H15 and H17 to H21: spinach

(Heian-hiyoshimaru) sowed on Oct. 31, 1978
b) s dose=0; concentration (ppm) X fumigation time (h)

¢) The degree of V. 1. (Visible Injury) is expressed as follows;

medium injury and -+ -+ +: severe injury
d) Relative activity is expressed in percentage of the corresponding value of the chloroplasts isolated from

leaves without fumigation.
e) fumigation time=2h
f) fumigation time=3h
g) fumigation time=5h

—: not detectable, -+: slight injury, +-+:
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0 1 2 3 4
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Fig. 3 Relation between O; dose and Hill activity
immediately after the O; fumigation
Open circle: No visible injury
Solid circle: Visible injury appeared
(See Table 2)

0 1 2 3 4
Ozone dose (ppm h)
Fig. 4 Relation between O, dose and Hill activity
24h after the Oz fumigation
Open circle: No visible injury
Solid circle: Visible injury appeared
(See Table 2)
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Fig. 5 Photosynthetic electron transport system

in higher plants!®.1®

PS-1: Photosystem-I

PS-1I: Photosystem-~I1

Chl: Antenna chlorophyll

NADP: Nicotinamide adenin dinucleotide
phosphate

Rd: Ferredoxin-NADP reductase

Fd: Ferredoxin

Z (P430): Primary electron acceptor of PS-I

PQ: Plastoquinone

P700: Trapping center of PS-I

PC: Plastocyanin

Cyt f: Cytochrome {

Q (C550): Primary electron acceptor of PS-II

P682: Trapping center of PS-II

Y, Y,: Redusing substances
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Fig. 6 Changes ot Hill activity with time after the O, fumigation

A: H20 (1.70ppm x 2h)
C: H22 (0.19ppm x 2h)
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