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Abstract: PSII photochemical activity and electron transport rate of whole chain (PSI+PSI) in spinach chloroplasts
were measured under photooxidation (MV plus strong light) with or without addition of various exogenous
photosynthetic carbon metabolic intermediates, Na-glycolate and inhibitors of photosynthetic electron transport.
The results indicated that under photooxidation condition, the addition of “RuBP regeneration system” and
sodium glycolate increased qP and @y, while RSP, DHAP and HCO;™ increased qN, compared to nonphoto-
oxidative control. Other chemicals, 3-PGA, 3-GAP, HPMS, DCMU, DBMIB, Ant A and gramicidin D all showed an
inhibitory effect on PSII photochemical activity (expressed by chlorophyll fluorescence parameters) and electron
transport rate of PSII+PSI (determined by oxygen electrode). It is proposed that carbon metabolic intermediate
could act as a physiological regulator to modulate PSII photochemical activity. Alteration or blocking the flux /
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%5 Abbreviation: MV, ¥ 2 % ¥ Methyl viologen; RuBP, 1,5- — BE8 % Bi% Ribulose -1,5-biphosphate; Rubisco, RuBP 34, / 1n & &
RuBP carboxylase/oxygenase; 3-PGA, 3- BB B 3-phosphoglyceric acid; 3-GAP, H B -3- % Glyceraldehyde-3-phosphate; R5P,
# i -5- BEM Ribulose-S-phosphate; DHAP, 88 — }2 %Ki Phosphodihydroxyacetone; HPMS, o- 2Lt nE T A2 B a-Hydroxypyri-
dinemethane sulphonate; DCMU, —_ H! 3 — ! g 3,4 dichlorophenyl-1,1-dimethylurea; DBMIB, 2,5- — & & ¥ & &g 2,5-dibromothy-
moquinone; Ant A, 1% % A Antimycin A; Fv/Fm, PSI JF#546 %% % Initial photochemical efficiency of PS 11 ; by, PS 1 5K 2ty F
%38 #1272 % PS I non-cyclic electron transport quantum efficiency; qP, ™% % % 3t 964k 22 % K Photochemical quenching of
chlorophyll fluorescence; qN, 64t %% K Nonphotochemical quenching.
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direction of photosynthetic electron transport, and changing the concentration of metabolites in Calvin cycle and
photorespiratoy C, acid cycle would cause a direct or indirect effect on PSII activity under photooxidation

condition. The effect varied with different chemicals.
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MHEESBEREK  F 8 K (Spinacia
oleracea)Vd H ¥ T 37, BT 3-5 BB A #4
B, 2 BRI B 5 R B 7 VR R R BB
W& Tris-HCI (pH 7.6) 50 mmol/L, % 0.35 mol/L,
NaCl 10 mmol/L. M-£k4&87F# & HEPES (pH 7.6)
50 mol/L, BF## 0.35 mol/L, NaCl 10 mmol/L, EDTA
2 mmoV/L, MgCl, 1 mmoVl/L.

REURIFLADLE L~ N
(210 pg Chl ml"y BEFEFLP, IMARREERS
(methyl viologen, MV) 50 pmol/L FIA B4 &t
B HAEBRMEIN S B ALBR R, e a5k
WhEmYHZERERLZREWEDH LK AK
W W& ), 1300-1500 pmol m%* T AL H
20-25 min J&, 37 BIHAT TR E .

£ # (PSI+PSIH ) & F {£ i& i & (H,0—-MV)
RN &4 A Tris-HCl 50 mmol/L (pH 7.8), NaCl
10 mmol/L, NaN, 2 molL, NH,Cl 5 mmol/L, MV
0.1 mmol/L R &M% 42 ng K414k, 25C,
700 pmol m?! 3¢ T A% ik (Yellow Springs Inst.
Co)E WA E %K.

Chl %3t  FHREEIN R E R ILINPAM 101-
103, Germany)#ll i€, 55 WUl & 3 0.06 wmol ms. J¢ 4k
Jt 100 wmol ms™, HLFIFKM 5 000 wmol m?s™s %6
S Fv/Fm, Fv'/ Fm', qP, qN, O R 5 3207,
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Fig. 1 Effects of photosynthetic carbon metabolic intermediates on the electron transport rate (PS I + PS 1 ) and

PS II quantum efficiency of electron transport (Pyy) in spinach chloroplasts under photooxidation.
RSP, DHAP, 3-PGA: 5 mmol/L; 3-GAP: 20 mmol/L; MV: 50 wmol/L; Light: 1 300 wmol ms™, 20 min; Chloroplasts: 210 pg Chlml.
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Fig. 2 Effects of photosynthetic carbon metabolic intermediates on

Fv/Fm, qP and gN in spinach chloroplasts under photooxidation.

LR &5 Fig. | #F. Experimental conditions are the same as
in Fig. 1. 100% of Fv/Fm, qP and gN ate 0.45+0.01, 0.26+0.02 and
0.1910.01, respectively.
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iE.

FENE S S TR HCO, W BN 1 qP
F Gpgry X3 qN, TI2FEH FAEEEER M Fv/Fm R
AXA 70%LEH. JLEAT HCO, RIFRAEEIPH
T AR TR, Fv/Fm, qP M &, 3 5B gN
BURIIEK 2.2 5 (55 R HCO M)A 70.7%(55 K
MV AHER).

F1RuBP BERLEM HCO, AR TERHREEF
f& 3% i% ¥ (PSI+PSIDF PSII 3 4L 5 S 81 ¥ wi
Table 1 Effects of RuBP regeneration system and HCO; on electron
transport rate (PSI+PSII) and photochemical parameters of
PSII in spinach chloroplasts under photooxidation

RuBP BAERLE .
. H
24 RuBP regeneration system COs (5 mmol/L)
Parameters*
-MV + MV - MV + MV
. H0—+MV 738+32 53.1%29 70.320.5 37.3+0
Fv/Fm 90.0+4.0 74.0%20 725125 625+25
$psn 1273109 1273£10 1125+13  27.1£33
qP 127.6+03 1517134 1625+4.1 500%45
aN 48.61+1.3 432427 180.0+10.0 320.0420.0

MYV: 50 pmol/L; Light: 1 500 pmol ms", 25 min; RuBP regene-
ration system: RSP 5 mmol/L, creatine phosphate 10 mmol/L,, cteatine
phosphate kinase 5 units; chloroplasts: 210 wg Chl ml".

RHRMBIE S WHNME (%) Data in Table | were relative % to
non-addition control. The 100% of electron transport rate, Fv/Fm,
@, qP and gN are 84.4+3.6 pmol O, mg* Chl b, 0.50+0.01, 0.13z
0.01,0.29+0.01, and 0.37, respectively.

23 XA FEEMNERMAE BB BEERN
FEATHREN Fv/Fm 1 Fv/Fm' )&
EH A G B FEBEMEIF DCMU 4 &
PSII K Qg A s, HHI BT IR i PSIT fiz B2 H L G
KA T 34K Qp SBUR P LR M. A—HH
DBMIB JU#141] PQ F1 Cytby 2 [B] I H T 4538, B4
M PSIT S R O RERED. & 2 B T R8s
FEEMN 4T DCMU 1 DBMIB X PSII 4k, %
MEMEW., TUEH, ERERNRE SN
50 wmol/L W AE 6 & 4k &4 Fv/Fm B A ik &,

TZEYCE A4 TR Z o Bl sl ront FRZEXG
ST H Fv/Fm F#K T 49 46%, H TR H
TR K .

Ant A £ —Fpa 30 138 3 B F R0 A = R
ARER |, 52 FAL A SR S M I 102, ] Ant A
MR REFRZ G, HEMATH Fv/Fm B
16%. Ant A % Fv/Fm #3m5 DCMU #1 DBMIB
fE RS S BB BT AT Bk D
(Gramicidin D) 7EIEEEAL &M T & Fv/Fm, )t
FALAE T MR Fv/Fm, HBN S a8 B 758
FFF — B 2).

Fv'/Fm' [BZES 5 fIGs8 T PSR O
e 2R, Fv/ Fm' F128 42 PSII A 1 ] 3 fy3E
el 2 FE KT FEIPH K S PSH B E LRI S
Fua, F£EFRBELMHT,.DCMU #£ 5 Fv/Fm',
DBMIB %f Fv'/Fm' B H %MW, Ant AEFTBEK D %
& Fv/Fm'. JCEUL T AR RN i 524516 Fv/ Fm'
BRI D & 25 E W B FRAR (R 2), AR
TR T 3 A Fv/Fm. 3X 8645 5 % 88 B M PSTI K4
AN A FAE BB ESE PSI M EA A8 TR, Bt
R N AR B EXTTIDH] ATP FITER, fE1E 5 %
R T3 5 A T2 AL AR PSTT FF RO L 645
& Fv/Fm, T AL TR PSIFF A L HIEIE
LA Fv Fm' B953 W REA R A — &
Mz

R2HAEETFRENANASHBUBRBRANLER
THEMHSZE Fv/Fm 8 Fv/Fm' A% K
Table 2 Effects of inhibitors of photosynthetic electron transport
and photophosphorylation uncouplers on Fv/Fm and Fv /Fm'

in spinach chloroplasts under photooxidation

iy Fv/Fm (% of control) Fv/Fm’ (% of control)
Treatment -MV + MV —-MV + MV

Control 100.0 57.814.0 100.0 96.7£2.9
DCMU 102.3+25 85.6%23 120.3+6.7 702139
(50 1 moVl/L)
DBMIB 1084+2.3 93.5+23 100.0+5.7 69.6+4.1
(50 » moV/L)
Ant A 110.0+2.8 84.2+3.8 97.1+43 79.6%t44
(18 1 mol/L)
Gramicidin D  107.74+25 50.9+35 88.6+25 91.0+24
(long ml")

100% Fv/Fm and Fv/Fm' are 0.64520.066 and 0.457x0.049,
respectively. MV: 50 pmol/L, Light: 1 300 pmol m%", 20 min.
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Fig. 3 Effects of Na-glycolate and hydroxypyridinemethane

Control

sulphonate (HPMS) on electron transport rate (PSI+
PSII) and photochemical parameters of PSII in spinach
chloroplasts under photooxidation
MV: 50 pmol/L; Light: 1 300 pmol m?", 20 min; Na-glycolate:
3 mmol/L; HPMS: 2 mmol/L. 100% of electron transport rate, Fv/Fm,
Dy, qP and gN are 87.112.3 wmol O, mg' Chl h'; 0.48:0.01, 0.10«
0.02,0.27+0.02, and 0.29£0.01, respectively.
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