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Abstract: O and NO, photoreduction in chloroplasts isolated from the leaves of Castanopsis
fissa (tree) and Psychotria rubra (shrub) seedlings grown under three light intensities were
compared in the presence of glyceraldehyde (an inhibitor of PCR and PCO cycle activity)
and NH,CI (uncoupler of photophosphorylation). The highest rate of O, photoreduction
(Mehler reaction) was observed in chloroplasts from full sun-exposed leaves of both plants,
which was 66% —68% of total electron transport. NO, photoreduction showed a similar
trend, but it was only 11% —15% of total electron transport activity. Shade leaves exposed
to 36% and 16% of full sun light significantly decreased the photoreduction rates of O,
and NO,, and the percentage of O, photoreduction to total electron transport, but had no
effect on the percentage of electron transport partitioning to NO, photoreduction. The
activities of nitrite reductase (NiR), nitrate reductase (NR) in leaves and the ratio of
NiR/NR activity were also affected by light intensity. As the light intensity was reduced,
NiR activity decreased in C. fissa, and NR activity increased in P. rubra, whereas the
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changes in NR activity in C. fissa or NiR activity in P. rubra were not significant. The
ratio of NiR/NR activity in two sun leaves reached more than 3, and it was just 1.7—-2.2
in shade leaves.

Key words: Oxygen photoreduction; Nitrite photoreduction; Chloroplasts; Woody plants; Light

intensity; Nitrite reductase

0,, NO, M/t LR (OAA) KRB CO, Z My EE MBI AT el ik, "%
4 4 R R R BT CO, 1 NO, #IB 8 R A RME/E . i 89 CO, AL H £ 0 NOy
YeiR LR 5—20 451, A 56 A #E SN 35 9 T8k 15— SERFIR AN Mehler f2 52 3t T B
WS MR LA S A M RE. AR MBI IEW O, #16iR )5 (Mehler 1) W]
VRGO A VR ot R 7 A R TR A IR ER R T AE AT, BREDE A i T R BE A9 38 )t v ]
P FLE, Mehler SR O WAL AR I I AE S P VR JE R IR 1 M0 A 85 A AR (9 pH
BORE, REHOT RIAIM ARG, BRAE PSIT GG a9 GRS, 5 —orim, O, Btk Jin] /r 5 ATP
B4 995 10% Se T £ ATP 3% [1 B Mehler [ 52 A9 B3R 3 i F 4% 380, e b 2 A o
F C, HIY o I P 4R 2 L C, A A it SR E E 0,

FEE ST 44T, Mehler R H 5 HE6A R TRABEME/DEE, TR&MAPNITRE
299%07,  $RTT, &4 3+ F Mehler 2 Rxt 86 4 BT @ FTAR A R/, LA B LB 1k B0 i 19 A
PERR (LA 0P8, 3t Mehler [ R15 17 45 1 5 M9 RS MR BT B 19 5C 8 i BR = BRI
7%, MixTF NO, B JE i F 1538 5 M TAE s E R R0 TAENE I, JLRIR S AT
BT B R T B AT 5. B, A SCHESE 60 A 1 T AR R 11 B SR MK 19 5T AR B AN
VEA LT B DB, 4 SO BH AR R B AR A, R AR S A 4 ) 3R BF ST I 2R AR B9 Mehler K2Rz A
NO, iF R L T4 R L St i oOtER R X R, ht— TR PR A B e E
S % (A 5 ) R AN A [ 638 T O A 8 T £ 38 4 ) 0 R AR AR R
U bERR

1 P Fh A0 KR HPFI Fe A EY Castanopsis fissa (Champ. ex Benth.) Rehd. et Wils.
FEARR LY Psychotria rubra (Lour.) Poir. B4R 0 AR A ML A AR K. HFH, ARk
WAl 3 ) B AR SR B £ SR OB 1 36% 1 16%. 7 A AST T 100% FI#R5624 873 pmol ms™
(9:00) 11 605 umol m?"(12:00). 12 A3 100% HFREFE 9:00 #112:00 4351134 995 pmol ms™
11243 umol m?s”, 44EHER T RRDER T A 18 MHJE, RETURSE 3 —4 (LR ML

HEEslE  BEd AT -10 C© F¥ % 30 min, 5 IRAT % 60 05 P R U & 0t 4
e, {E4REORH AN 2 mmol/L SHUIRMAR, 5 2 A0 It SRR T WA & LA MLAR.

SEHERSBRFERERMNE AR IS 50 mmol/L, pHT7.8, & NHCI
5 mmol/L, NaN310 mmol/L, MV 10 umol/L, iH4{& (25— 60 ug Chl) . FALHMEE(10 mmol/L)
04 9 & B [F 4L (PCR 3F) FEIER (PCO 3F) , fEBSFR LM 4 T (L NHCL il 6 & 8%
M AL) M SRS i v A B T AR R Y EHE O, ML R E R, WER 25T, SR
800 pmol m%, Fi Clark ZHLIRIE O, BMUCEK, NO, Hil I E L [/ — A& 4 T 17, Hk



1M PR % ACACKTE 2k R At it 404K O, FENO L OGIE JEHE T 3

L5 mmol/L NO, #4r it O, fE F 324k, LUK O, M FEIRITHE NO, Ll Jild &,

R BT [E B (NR) F1E fYERIT R B8 (NiR) SEMENE  rb v AR IR (25 mmol/L B iR
2, pH7.5, S mmol/L EDTA-Na,, 5 mmol/L &) BHEE, MELMiEEE, 10000 xg
2.0 10 min, EiEWRCOIHEEM®. NiR MM NR W M4 512 AR R MRajasek 19 77 £ )
E, L NaNO, fEfR#EMI 2k, LA umol L'NO, mg’ Chl h™ /5 E 1 PE 84

2 KREHER

2.1 HEEK O, KiEFEEK

B 1 R AR R YRR 444 F B R AAE P i SRR b O, i O6IR I B R i FA%
R EA . AEKTE A ROE T § R AR A A 4R O, Sl IR lw i, AT 16% 56 F
{1 B AE I B R O, b I R R (B 1A) . AR FHRAET O, H AL AR &M
FE B B SRR A KN AR, FEARBRHEDEA R FEFLEMEXMHT, ERTAR
JT R R P 2 66% —68% HIHL F A& L O, HZ K, 36% JFEEEL 56% —61%,
1 16% S FMAE 49% 224 (B 1B) . LR EMW LA mFELL F1EEZHEE, O, lfENEE
A F 2 R AR R R R R T8 R E 7. SRHAMM, AW F U RS 7K T
HE O, MIAES. 3 FEIRT O, YRR R M &8 FER L F R ERE X p <0.05.

. s 1207 A ::80— B
2.2 ;jﬁim NO, }Xif & ¢ 10 o f %70— =
& £k & 2 560 -
. L M= T 8= .
NO, %3k i 5 CO, & ®£0 zgg .
R e . E’.g—éoéo £ 2 E s}
BB T AMEE  H 6 £534
R O~ i
PEEHEFAY, EmAx SES 0 9 2 F 5
¥4 g A:—’é -
ARFERARRSR A & I S350
02 =
NO, Yo i Jil i R 2 5 0100 36 S T 36 16
36 A Bl FR AL fi7 18 3 77 AT o B #R ¥ Natural hght (/u 9 #R% Natural light (%)
NO, Wik E0Y R A it 5 B AR R O, il R
L - Fig. 1 O, photoreduction rates in sun and shade lcaves
s AL R A NHLCL - s o) P b
SAMETERORIANL | s s STBC g
et g BN A= B 238 %
”ﬂﬂfg?iﬁiﬁl‘] N02 jlﬁﬂjgi\ﬁ; g_é:zo__ ggézo_
RUAT 36% M 16% . ¥ EE @Sy,
] L 32 15+ — O -
A O RN (] S 2R $Ef
2A). WM NO; KB X ES T 2200
R ERATFIR015.5% - 258 S R
z 3 o 8
% HH % — Q3 «
1600, ij?Eiﬁ’BW& F£10% T — Z 2 00 36 16
13% Z [6] (& 2B) . P Fh A R % Natural llght (%) A R % Natural light (%)
WL FEAS [F] 638 T ot £ 4k B2 WA AT NO, I I
5’;5 Noz' j‘lﬁﬂiﬁm@%fg Fig. 2 NO, photoreduction rates in sun and shade leaves

M C. fissa; [ P. rubra



4 Pl AT R ) 4R 9%

IR/, XU NO, e N ER B FRIAMMEA L O,/h, BHAEFEEREER T
1% 3% /Y EL A1 3 ot 35 28 1 B BURE AR

2.3 MR AHBERES (NR) FEFE8GT R B (NIR) B

HEAHE NOy, NO, M NH,* RME AL N B HEdbi= A EEm.  AME+HE NR 44k
NO; & JF NOy, MiH4R{AH NiR #4k NO, SEJFHN NH, M, AU T 4k k NO, Wk Jfik %
THERXMAEFEERXR, WETH 4 NRFNR HEZEE. WE3FH, FAMEALEY
NiR MY R EBEM 2R E AR MR A -8, FAFMEHN NIR FHKPRS, ot
A BHAE M8 58 ( NiR (S MR EFRAR, X SHIAEMHE NO, e FE R (E 2A) A, BAIEH
NiR WEHAFEEHME, H NR EHEPHECIEH 54%, HHE NR EHERRMR TR,

201 8 A 3.5 B

~ 18 —+ =
= 16} = 2 301
214 28 231
s Y1t 3 - Za0}
s b 5 & 4 <=
S g 10} S E &
® . 8 A3 L5
) - e Z
z Z 2_ ZzZ 4 1.0
£ 2 0.5}
0100 36 16 0100 36 » 0="\00 36 I
B X Natural light (%) B Natural light (%)
B3 B A A0 B AR ) S Y RS SR R O B4 BH A A BA A A S BT DR R 1 14 A E Y AR SES TRR / RRE TR RS TR A L
Fig. 3 Activities of nitrite reductase in Fig. 4 Activities of nitrate reductase and the ratios of NiR/NR activity
sun and shade leaves in sun and shade leaves
Bl C. fissa [_]P. rubra Il C fisa []P. rubra

PIFEYIH) NR #EHKFEE NiR K, NR EHEEAE2 -5 ug NO, mg”' Chl h' Z[E(E4A) 5
Robinson R} K E M A A NR G 3—7 umol mg”' Chl h'S ., ZHA NR HHTE 3 ft
BTARABENER, LT NR IEUHEREMF#EE. E4BFHEE, NIR HHELN NR EHY
1.7-3.31%, BRETHMHAMN A NIR/NR LLEE, B THEERTHET 34%—-49%, BN
iR ¥ NO, & JZA N [l4L % ma 5 383 NiR/NR A X,

3 it

A eI B FTETE BKA Mehler A N FEVER ., EEFFMGT, MEH O, 1 NO, ik
AR E LSS B FRA16%7, T E P40 5 35 3 4K O, Y6 JF i CO, RfL BRI
10% — 13%09, 35885 BR 41 0 B¢ [ 46400 4 37 7T 482 %5 Mehler [ 52 3, 4708 H i B8 19 /) 3 A g g o
RO, ik Rk B B KB FHHA 14% 1 20%", Lovelock M Winter i i ok 28 S & i 4 J5 3K
B 2 MR I R SRS E A Chl 26 S %, B ILT 41+ 3 Mehler R FER BT A0 A
BHFRE 10% —20%5, AT LR N F B B AR A Y 0 K Calvin 2 H BT, Mehler
REERTREEHER FEERN 49% -68%. MEELAMBEETER: (1) HHBRERER
FHEK, AZm ) ARBEMAMRERNE R, 3t PCR A HI% R LR EiR, £X
o CO, B EFZHBERT, O, MIENEBEMHABFRE Q) MERATIERELEE (MY,



1M FRRLF % AACKY B4 RIBR A n 1t 4k O, Rl NO, R IR 5

AT T2 ) M6 BR Mm@ NH,CL, FES A O, ik fE MY, wl i, MLk
CO, HEBM FICHEA M F55, J7 BB 2 T ## Mehler 2 I fil NOy It i JiL2Z 8] f 5%
F R A T AR AL T R

O, WIEIEE & i F 5 0 eI TEAE K T2 BRE T AN A MM & iR, 5 Osmond
1 Grace 453856 F M B4 W12 A9 Mehler R R2EHE M —3.  #E# Mehler /2 Iz /18 17 4R BL %
B3GR S, SRR TR R F M O, 4 FAA B/ AES . Mehler REAE O, #E 35— 60 pmol/L
i EL T, 1k 63 T 2 42 5 Mehler LRixt O, HIEM A, AL F 2 AROLR LA A A
W M RS B O, 6 JE B SR L T fiE 5 A TR X O, MR R AN DA K. FATE A
3 F M4 4 b /E % Mehler )RR EZE 4 0,7 K H At 15 # & OH- Al H,O, A9 B & 7= 4 &
S, B AR I o R AT YA B R B (55 SUIRIE) L E R R T R Y R MY
Bt} Mehler #4235 1788 384 Al TR I R0 TR MARROK R fE. X — 45 5IRATHCIR &
B2 B8 R A L T A% 1 5 6 PR IR A H G438 5 45 SR P A 0L, BR R AR AR LA X O IR AR AL 1 A 2
AR AR R

5 O, {t 567 LM E, NO, Y6 JR 3 3 B o Bt & i 4% Bl RHR, 2 AR #9532 it
BN, (B ZELLA B ARG TF I AR I b T R TR S U R B 4 0 100% T 3B B AR i i S Ak
B M S, ¥ T A8 AR X 55 S 3R M S VR LR A U340 47, M3 5 O, 5 NO, Sl M HI R R ¥ r
595137 0.9469 F1 0.9747, WX B AN L FA5 3% 3 B A0 IR AT R I S5 0 A sl Rz v VI AR K

Jea MLk NOy — NO, — NH,* #i% 5ih NR( 41y E ) A NiR( M £R4k ) fEdbse
W, WEANSEAREE 2 A M6 M F, AR Zemmun?, Axh2 ARt THEIMA
450k B i NiR/NR W4 510 3.31 53.27, SHMEEAIIHEOR TR ME. EHATE
K f B A I 9 4% NiR/NR 35 U AT BE 5515 4L NiR IR e A FARE X, EAM AN gt
L TR, FFARS NO, i JFHEE K NiR 751563 28 (L — 2 B/RR K NOy
YR B 57 NiR M€, LA NO, il B REM L FHK, {H NiR LB ¥ 24, NR
WYERRE, HEEAH, @ E—5 5.

B2 k.

[1] Robinson J M. Carbon dioxide and nitrite photoassimilatory processes do not intercompete for reducing equivalents
in spinach and soybean leaf chloroplasts [J]. Plant Physiol, 1986, 80:676—684.

2] Lovelock C E, Winter K. Oxygen-dependent electron transport and protection from photoinhibition in leaves of
tropical tree species [J]. Planta, 1996, 198:580 —587.

[3] Polle A. Mehler reaction: Friend or foe in photosynthesis? [J] Bot Acta, 1996, 109:84 —89.

[4] Neubauer C, Yamamato H Y. Mehler-peroxidase reaction mediates zeaxanthin formation and zeaxanthin-related
fluorescence quencing in intact chloroplasts [J]. Plant Physiol, 1992, 99:1354 —1361.

[5) Badger M R. Photosynthetic oxygen exchange [J]. Ann Rev Plant Physiol, 1985, 36:27—53.

[6] Furbank R T, Badger M R, Osmond C B. Photoreduction of oxygen in mesophyll chloroplasts of C, plants. A
model system for studying an in vivo Mehler reaction [J]. Plant Physiol, 1983, 73:1038 —1041.

[7] Biehler K, Fock H. Evidence for the contribution of the Mehler-peroxidase reaction in dissipating excess electrons in
droughtstressed wheat [J]. Plant Physiol, 1996, 112:265—272.

[8] Wiese C, Shi L-B, Helber U. Oxygen reduction in the Mehler reaction is insufficient to protect photosystems I and II
of leaves against photoinactivation [J]. Physiol Plant, 1998, 102:437 —446.



6 AR BT R ) 24 4 %9 %

O] I54T. MHDT. HhEss. IEAAMENM A SR FEBFEEMEM J) MY2M|, 199, 38(4):287—-294.

(10] MIRI, FNEE, BRBUFE. BRGEIRREIEYEMIRN IR (). MY MaEE IR, 1985, 3:33—35.

[11] Rajasek V K, Mohr H. Appearance of nitrite reductase in cotyledons of the mustard (Sinapis alba L.) scedlings as
affected by nitrate, phytochrome and photooxidative damage of plastids [J]. Planta, 1986, 168:369—376.

[12] Anderson J W, Done J. Light dependent assimilation of nitrite by isolated pea chloroplasts [J]. Plant Physiol, 1978,
61:692 —697.

[13] Williams Tr C H. Flavin containing dehydrogenase [A]. In: Boter P D. The Enzyme [M]. 3rd ed. Vol 13. New York:
Academic Press, 1976, 89—173.

[14] Torre de la A, Delgado B, Lara C. Nitrate-dependent O, evolution in intact leaves [J]. Plant Physiol, 1991, 96:
898 —-901.

[I5] Robinson J M. Does O, photoreduction occur within chloroplasts in vivo [J]. Physiol Plant, 1988, 72:666 —680.

(16] Furbank R T, Badger M R, Osmond C B. Photosynthetic oxygen exchange in isolated cells and chloroplasts of
C; plants [J]. Plant Physiol, 1982, 70:927 —931.

[17] Loreto F, DiMarco G, Tricoli D, et al. Measurements of mesophyll conductance, photosynthetic electron transport
and alternative electron sinks of field grown wheat leaves [J]. Photosynth Res, 1994, 41:397—403.

[18] Marsho T V, Behrens P. Photosynthetic oxygen reduction in isolated intact chloroplasts and cells from spinach [J].
Plant Physiol, 1979, 64:656 —659.

[19] Osmond C B, Grace S C. Perspective on photoinhibition and photorespiration in the field: quintessential
inefficiencies of the light and dark reactions of photosynthesis? [J1 J Exp Bot, 1995, 46:1351 —1362.

[20] Takahashi M, Asada K. Dependence of oxygen affinity for Mehler reaction on photochemical activity of chloroplast
thylakoids [J]. Plant Cell Physiol, 1982, 23:1457 —1461.

(21) FRHFF, BARE, SR, F. KRt 4 BT RH BRI E S 8 F 4538 0 ORIF R4 R ORM (1) hEFR 2, C 8, 2000,
30(1):72-77.

[22] Duke S H, Duke S O. Light control of extractable nitrate reductase activity in higher plants [J]. Physiol Plant, 1984,
62:485—493.



