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Abstract  Photoinhibition is currently the highlight of photosynthesis research of higher plants.
Great progress in the the mechanism of photoinhibition has been made in recent years. In this arti-
cle we briefly review the history of photoinhibition research and elucidate the modern photoinhibi-
tion theory which comprises two aspects dissipation of excess photon energy and damage of photo-
synthetic apparatus caused by excess photon energy. The xanthophyll cycle photorespiration LHCII
phosphorylation  PSII photochemical reactivity and other major photoprotective mechachisms involv-
ing carotenoid and Cytbh-559 are discussed with recent advances in studies on these photoprotective
mechanisms highlighted. Finally the current view on the original destructive point and the new the-
ory on photodamage are summarized .

Key words Higher plants Photosynthesis Photoinhibition

Ball 1993 19 20

@ 1999-05-10 1999-05-30



3 219

50
20 80 a
Kyle 1987
PSII  PSI  PSII PSI PSII
PSII
Bjokman 1987
PSII
1962 Yamamoto
Schrelber 1986 a
Demmig-Adams
1987
PSII
90
PsIt
1996
2
2.1
2.1.1
OH
=94
i 0 ~
1 3 2 i (violaxanthin) s
® 4 =
Y H,0 MOHUARME) | 5
1l G
qN ﬁ;‘ ZH(NADPH) +0; H,0 8
Demmig-Adams 1990 H OH 3%
= 1 =
] W Qg
Thayer ~ Bjorkman 1990 @ FRACEKER (antheraxanthin) EE
s
5 HOR} |/ MGAIE | S
; ) ( :
7 | *K
Demmig-Adams 1990 3§~ 2H(NADPH)+O; ™ v H:O 8
= OH g
23(\/&«\/&/\/\(\/%(\:§:(
HO™
" E K3 (zeaxanthin)
Chow 1994 1

Chow 1994



220

17

Demmig-Adams 1990

LHCII LHCII Gruszecki
Strzalka 1991 Horton 1994 LHCII
ApH H* LHCII
1996 Horton 1994
2.1.2 Mehler
0p~. o; 390, 0,
0, Psl . SSG \ /. NADPH
Oy Mehler Krause ASAPOD
Comic 1987 05 X DHAsA X X NADP*
oD AsA- 2 Mehler
POD
Demmig-Adams ~ Adams 1994
Biehler  Fock 1996 SOD
AsAPOD GR AsA GSH
2 Demmig-Adams 1992 Mehler
APH
2.1.3
1984  Powles CO,
1988 Krause 1988 1998
Gly
INH NaHSO; 2~3%0,
1996 Pi
Pi
Pi
Gao 1989
2.1.4 E
0,
1987 Cornic  Briantais 1991
Kraiser 1987 ICh1 3Chl 10,
1994 Seel 1992
E
1o, 1987



221

0, 0,

E

2.1.5 LHCIHI
Kyle “ ? Kyle  Kuang 1984
LHCII PSIT  PSI LHCII

LHCII  LHCI PSII  PSI

PSII  PSI
PSII PSI
Allen 1992 LHCIT PQ
Cyt-bf LHCII LHCII
Cyt-bf 1998 LHCII  LHCI
Mg * K* Na*
1998

2.1.6 Cyt-b-559

1979  Heber Cyt-bssy  PSII

Cyt-b_ss9 PSII
PSIT Falkowsk 1986
Cyt-b_sso PSII
P680
15% Falkowsk 1986
1997 Cyt-b_ss9 Pheo ™
Pheo™  Cyt-b.ssg PSII
1998 PSIL Cyt-b_ss9
P680* psIt Cyt-b_s59
Cyt-b_ss9
Cyt-b_ss9
pSIT
2.2 PSII
Melis  Homann 1976 DCMU Qa
PSII Ort  Whitmarsh 1990
Qs Qp
Fo Fi Krause
1988 Oquist 1992 PSII
Kyle 1991 PSII



222

17

Guenther  Melis 1990 D,
D,
Aro 1993 PSIL PSII
Anderson 1994 PSII
D, D, PSIT
1998
LHCII Mg LHCII
3
1990
PSIT
Qg Cleland 1987
Durrant 1990 PSII P680*  Pheo™
10, 10, PSIT D,/D,/Cyt-b_sso His
Pheo 1993 1995 1o, Pheo
PSII P680 1996 PSII D, D,
1995 PSIT
1997
PSII 1998
D, PSII
DFP
D, CP43 1998
Hong 1997
PSII
PSIT
pPSIT PSI
P700 50% PSIT 1998
1995. D1/D2/Cyth599
37 267 ~273
1997. I Cyth559 39 517 ~521
1993. I D1/D2/Cyth559

35 246 ~ 248



3 223

1995. i} D1/D2/Cyth559 a
37 401 ~ 404
1998. LHCIT
53
1998. b6/t
10~ 13
1998. pH Cyth559
50
1987. . 23 1-~8
1998. 1 Cpd3  CP47
. 34
1990. . 16 31 ~36
1998. Mg * LHCII
47
1996. a 1
6 620 ~ 624
1997. 1 . 7 449
~ 454
1998. a il
8 30~35
1996. . R21-~8
1998.
107
1994. . 36 289 ~ 295
1998. I

59

Allen J F 1992. Protein phosphorylation in regulation of photosynthesis. Biochimica et Biophyisica Acta 1098 275 ~ 335

Andersson ] M Aro E M 1994. Grana stacking and protection of photosystem II thylakoid membranes of higher plant leaves under
sustained high irradiance An hypothesis. Photosynih Res 41 315 ~ 323

Aro EM Virgin I Anderson B 1993. Photoinhibition of photosystem II. Inactivation protein damage and turnover. Biochimica et
Biophysica Acta 1143 113 ~ 125

Ball R Wild A 1993. History of photoinhibition research. J Photochem Photobiol B Biol 20 79 ~ 85

Biehler K Fock H 1996. Evidence for the contribution of the mehler peroxidase reaction in dissipating excess electrons in drought-
stressed wheat. Plant Physiol 112 265 ~ 272

Bjorkman O 1987. Low-temperature chlorphyll fluorescence in leaves and its relationship to photon yield of photosynthesis in photoin-
hibition. In Biggins | ed. Progress in Photosynthesis Research. Vol. IV. Dordercht Martinus Nijihoff Publishers Dordrecht
Boston Lancaster ppl23 ~ 144

Chow W S 1994 . The electrochromic signal redox reactions in the cytochrome bf complex and photosystem functionality in photoin-
hibited tobacco leaf segments. In Barber J ed. Molecular processes of ptotosynthesis. Greenwich J A I Press ppl68 ~ 182

Cleland R E  Critchley C Melis A 1987. Alteration of electron flow around p680 The effect of photoinhibition. In Biggins J ed.
Progress in Photosynthesis Research. Vol. IV. Dordrecht Martinus Nijhoff Publishers Dordrecht Boston Lancaster pp27 ~ 30

Cornic G Briantais ] M 1991. Partitioning photosynthetic electron flow between CO, and O, reduction in a C; leaf  Phaseolus vul-
garis L.  at different CO, concentrations and during drought stress. Planta 183 178 ~ 184

Demmig-Adams B Winter K Kruger A Czygan F C 1987. Photoinhibition and zeaxanthin formation in intact leaves. A possible
role of the xanthophyll cycle in the disspation of excess light energy. Plant Physiol 84 218 ~ 224

Demmig-Adams B Adams III W W 1992. Photoprotection and other responses of plants to high light stress. Annu Rev Plant Physiol
Plant Mol Biol 43 599 ~ 626

Demmig-Adams B 1990. Carotenoids and photoprotection in plants A role for the xanthophyll zeaxanthin. Biochimica et Biophysica
Acta 1020 1~24

Demmig-Adams B Adams W W 1994. Survey of thermal energy dissipation pigment composition in sun and shade leaves. Annu Rev
Plant Photobiol B Biol 22 95~ 103

Durrrant ] R Giorgi L B Barber ] Klug D R Porter G 1990. Characterisation of triplet states in isolated photosystem II reaction



224 17

centres oxygen quenching as a mechanism for photodamage. Biochimica et Biopyhsica Acta 1017 167 ~ 175

Falkowski P G Fujita Y Ley A Mauzerall D 1986. Evidence for cyclic electron flow around photosystem II in Chlorella pyrenot-
dosa. Plant Physiol 81 310 ~ 312

Gao SJ] ChenSS LiMQ 1989. Effect of phosporus nutrition on photosynthesis and photorespiration in tobacco leaves. Acta Phyto-
physioiogica Sinica 15 281 ~ 287

Gruszecki W T Strzalka K 1991. Does the xanthophyll cycle take part in the regulation of fluidity of the thylakoid memberance
Biochimica et Biophysica Acta 1060 310 ~ 314

Guenther J E Melis A 1990. The physiological significance of photosystem II heterogeneity in chloroplasts. Photosynth Res 23 105
~ 109

Heber U Kirk M R Boardman N K 1979. Photoreactions of cytochrome b-559 and cycil electron flow in photosystem IT of intact
chloroplasts. Biochimica et Biophysica Acta. 546 292 ~ 306

Hong SS Xu D Q 1997. Diffence in response of chlorophyll fluorescence parameters to strong light beyween wheat and soybean
leaves. Chin Sci Bull 42 684 ~ 689

Horton P Ruban A V. Walters R G 1994. Regulation of light harvesting in green plant indication by nonphotochemical quenching of
chlorophyll fluorescence. Plant Physiol 106 415 ~ 420

Kaiser W M 1987. Effect of water deficit on photosynthesis The basica. Physiol Plant 71 142 ~ 149

Krause G H 1988. Photoinhibition of photosynthesis. An evolution of damaging and protection mechnisms. Physiol Plant 74 566 ~
574

Krause G H Cornic G 1987. CO, and O, interactions in photoinhibition. In Kyle D J Osmond C B Amtzen C J ed. Photoinhibi-
tion. Amsterdam Elsevier New York Oxford ppl69 ~ 196

Kyle DJ Ohad I Artzen CJ 1984. Membrane protein damage and repair selective loss of quinonprotein function in chloroplast
membranes. Pro Natl Acad Sci USA 81 4070 ~ 4074

Kyle DJ 1987. The biochemical basis for photoinhibition of photosystem IT. In Kyle D J Osmond C B Amtzen C J ed. Photoinhi-
bition. Amsterdam Elsevier New Fork Oxford ppl197 ~ 226

Kyle GH Weis E 1991. Chlorophyll fluorescence and photosynthesis The basis. Annu Rev. Plant Physiol . Plant Mol Biol 42 313
~349

Melis A Homann P H 1976. Hetergeneity of photochemical centres in system II of chloroplasts. Photochem Photobiol 23 343 ~
350

Oquist G Chow W S Anderson ] M 1992. Photoinhibition of photosynthesis respresents a mechnism for the long-term regulation of
PSIL. Plania 186 450 ~ 463

Ort D R Whitmarsh J 1990. Inactive photosystem II centers A resolution of discrepencies in photosystem 1l quantitation ~ Photo-
synth Res 23 101 ~ 104

Powles S B 1984. Photoinhibition of photosynthesis induced by visible light. Annu Rev Plant Physiol 35 15~ 44

Schrelber U Schliwa U Bilger W 1986. Continuous recording of photochemical and non-photochemical chlorophyll fluorescence
quenching with a new type of modulation fluorometer. Photosynth Res 10 51 ~ 64

Seel W E Hendry GAF Lee ] A 1992. The combined effects of desiccation and irradiance on mosses from xeric and hydric habi-
tats. J Exp Bot 43 1023 ~ 1030

Thayer S S Bjorkman O 1990. Leaf xanthophyll content and composition in sun and shade determined by HPLC. Photosyn Res 23
331 ~343

Yamamoto H'Y Nakayama ] O M Chichester C O 1962. Studies on the light and dark interconversions of leaf xanthophyll. Archives
of Biochemistry and Biophysics 97 168 ~ 173



