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Abstract: Photosynthesis is the most important chemical reaction on the earth. Light is an absolute pre-
requisite for highly efficient photosynthesis in photosynthetic organisms. Due to the changes of sun angle,
canopy shading, diurnal and seasonal changes in light intensity, photosynthetic organisms must deal with
several orders of magnitude of light intensity changes, which makes light the most changeable environ-
mental cue. Suitable illumination is necessary for growth of the photosynthetic organisms. However, pho-
tosynthetic organisms living in the natural environment are sometimes exposed to excessive light and
strong fluctuating light, which are harmful to photosynthetic organisms and cause the occurrence of pho-
toinhibition and the destruction of the photosynthetic apparatus. Therefore, the photosynthetic organisms
have developed a variety of adaptive systems and mechanisms in response to frequent changes in light
intensity and excessive light to mitigate the damage caused by photoinhibition, such as light avoidance
mechanism, non-photochemical quenching, and photosystem Il (PSIl) damage repair. This review mainly
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summarizes the mechanisms of photoinhibition and the responses of photosynthetic organisms to light

stress.
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YE R Jy sk b @) A P8t A= 47 i 5 T B S AN 4R
F(0,), FE Bk I I B ARV N . AR A
FRIE, AR RE & & A BRI A T
[£199.8% LA | (JohnstonZ52009). Yt A& it
Re, RS ERREZENKHER T2 —, 7F
HAEEDHIZ AN R B LR ke B A FH (Kaiserli%s
2015), ;& e A EMER A, EKKE MM
XS AN R EA 358 S SR o2 P DR B PR 3%

1 TEREXEAEYER A E

1.1 RHHIR =%

HEAY), UMY, 8 A TEER AL
B IETE B s, R 25 I8 8 B 4k A
Al FEEHRIAELRAT T, B A2 2 2% Fhlb
B, EFEE YRR YIE . B YA
W % e A AE M B RN AEAE M B S5 T, AR
20 H R, & BOG A SRR B, 25 520 5
LR, R GRS E )R
TEHEAYME I — M, XEE ARG SR G R
PEERCN . OGE ARG E DG RE 2 Sl ED G,
RIS 1 FH i KR AR 2 2K (Long 5 1994), 1X
— W R HE I AR L ET DUIE I 2 1896 4F, Hh A 4 2
KA. J. Ewart (1872—1937)#2 1.

78 2 106 B 6 A A WA R AR K BT 06 75 19,
R B MR Bl PR R B D 2 O OG & AR )
(AR = . BT, CEGEME T 228
A B e, B WifE BRI,
St EE B IR R BT A S e DA EEH
Pt it () (Mishra®52012). W& 1R, Sb &£
2 P OGRS AR AT 4 2 (DR, 71X
Pl RSB AR, Ml i)t & 7 s
Refk Be % ek A2 45 2R H, S i R4 DL A
MBS 4 TP EDIRAS, G s 2 5 0% & 1 H s
FARGF LG, A Bh T SEH R K 1% & R (Bjork-

manflDemmig 1987). (2)id &0k . FE A YGoRE I,
HoAAE ARG T, (i & KA R
BT 2 G G AR . B R, A R
[i] 52 CO,BAN BE R AV AE B RE 7T AR A 2 0
FOGRE, XL REOLE YL E K,
S E G R GET (photosystem 11, PSIT)H (Kato%%:
2003). fHASFERI 2, o F6 0% 1) SEPR A Bl E T
AR R GRE R BB 77, A ISk FE” (ex-
cessive light) 7] DL & A= 70 A X BAR Y6 A AF R,
XA & 4% 536> (high light) V& ¥ (D’ Ales-
sandro®$2020). 40, F5. 5 FEE = 5 R AR
LS BB AT DSOS G AR WA B A 5O R A 1
LR P2 AR G Ia I A [F] B R G40 45 (Garai il
Tripathy 2018; Wang%52018; Pérez-Bueno%52019).
AL, HAH e B3R R N RO R 4
i DR 2 JE AR A e IR A (%) TR 1 S B T U B,
RIS AE A BRI DGR T 0L T, XM 8 (fluctu-
ating light)th 23Xt R 40 HE, KEE Y R AT (pho-
tosystem I, PSI)ifi il 1R KB IR (Kono%52014) .
1.2 FEXBIEEEIRFN

R G A T S I A BN S AR X 45 1) &5
A, CUAERR EAR RN . BRI 2% ks | [
FRi R B AW SRS Il (Herbstova®$2012)

N E 2R A AR AE B Y AR AL
S (AR AR P4, % A B R S s AR O
WL (PSITATPST) LA A HoAth BE 1 i IS, IRiE
A S (Niyogi 1999), Horb i 3= B =47 A2
7% P 4 (reactive oxygen species, ROS). & ¢ il
RAERS, YoE AV TCEA B AT B S i BRI
g, HAgfE Nt 4EROS. ROSE Y& 4%
I B R R, vT 51 R g ) A AR R
2 Jf3 453 55 (SuzukiZ52012).  ROSALHE #8 4 B B 7
(03)~ F#EEH HE(OH), I E A (H,0,)Fl 2L
BE(0). Mahh & E mR R 4R, 7T LME
NA PR, B BRI RO, (Krieger-
Liszkay 2005). TMH,0,. O;F1-OH 3= % /& iifi i PSI
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Fig. 1 Light response curve of PSII activity
PSIE M (0 TR, B PR EMR)EG AL TRMARE mmIE i, EEBEAEFT, TEAREEARGHEX
HAIL S AH R S LA, (9 E SR Ut — F g A, PSIIAG A4 TAF E A B . f£+4 2 T bt T, PSIES
P& A T 3 04 J S Aol MR, S B PSITAY AR 7T i 647 %] . 2% A Yamamoto (2016).

JZ N FR L EBENADPH (nicotinamide adenine dinucle-
otide phosphate) 18k 8 it 85 7K H 7 H 82 56 72 3|
O,ifi /EPSII 32 M i [ (Asada 2006). 'O,%FF
HERG RIS AEH P B, T e AT Rt T
E ) 3 EROS I (D’ Alessandro flHavaux 2019).
WEFER M, R TR L T e AL 24 h] UK 21
'O, I 5 S U, T HL O, Ff0 ] 7 J55 R A 4 175 3
(Shumbe2017), K H] 3 Hid 7] 585 O, F1H, 0,
&1 B (LaloifTHavaux 2015), PSIIE &4V 35
H L HAZD1)AE F 1 i o7 2R 58 A2 G I T e (1) 2% A
N 5 %2 FIROS A A A7 1 (Derks55£2015). PSIT™
A FIROSAMN 3 B PSITRI S FE A4 iR 22 S 451497 (Tel fer
2014), 382 F A A A A B4 F B AF(Schmitt
5:2014).

YR AL 2 FOEIR I, PSITRZAR,
ML AR 2 BE, TG ) 3 22 H AR & PSITE R
E R HID I (RokkaZ52005) . Al [ KA fii
R NPSID G547 o H 5 848 52 2 18] 1 A1 45 (Adir
£2003). AT, RAMEE ZHAIPSIL LA RE

B R 2 5%0L T (Melis 1999). N. A. Ga-
valasFTH. E. Clark T- 197 14ELE G SR FHAF L 51N
T A MHRARTE— 41195 (photodamage) (Gav-
alas M Clark 1971), A TIA JyPSITAZ St 4 15 1 75
BB R oy o 4R BT TR e 1A 4
/INEIFEPSITE, #4 v 3 B0 3G 1 — AL A T 3 1)
10225 (Li%%2018) . PSITHAS o] 3 145 25 5: 84
PSI= A 6 2R3, X P40 75 B8 K s il e,
F EE D1 A RN Sk B ok SE B (Nick-
elsenflRengstl 2013).

FEIRPSTIHE N 92 Sl e A= 1) 32 B A, R
FETERERE ZF T (B A 5 S5 1 5% R A 25 5] 2 PSI
RGN 5 (TerashimaZ61994) . b4k, i &%
IR 3 3 45 T ST Ak B 7% o 01 | PS4 (Tiwari
22016).
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FHERARIZ B AH IR RESCHLE 58 F1 4 56 10 B i
ROSTERR R 48, W RIBOK AE LIAREFERL ARG
&K, non-photochemical quenching, NPQ). PSII4
1= . B ZePSI 2 HL 1 1% 1 (cyclic electron
flow, CEF), DL RO GRPIRIRAEAE, N [ TESR AR -
2.1 EEFEHLH

LA AT LGB R S SR SO FE G B, 1X
I G A AR A7) H 4> (Ehleringer A1 Forseth 1980).
Wi A AL B4 1) RS A PR R IR 2 (DR
R ATy A TG R T ), R PR A O

5 HANm K2
ROSF=4
|

M ERFEARAELER

PE; Q) BUPAT TR T R M B AR K, BERR A
0 1) e e P o 0 ) 1 T DA R0 B KR O
WL T O N RS LSS U SV E I N AP R ERY|
AR, WA G- o AR R U,
Hh T ) PR AR A 2 s S ) A 2E (Pastenes
£2005). MY BRI, B EERISREE SRR 2
EA AL 3N, AR GRS R 350, (8 T 3T &
A AE F (Suetsugufll Wada 2007). 4 i /K 7 |,
5FR s R S BT S A [ S B AR A B ) A2 3, A
HE5NGOUT7IRPAT, DO R isod 2 106, A
B3 K BIRREE ol S A5 4 R, ) B i R P R A
4 (7] () CO, (Tholen%$2008), X Fft Js )87 4 % g -
sREOGIEs) . ERZEOCEAEY, BRHEDE
R 0] B 2 975 S K (Wada5:2003) . 451 44
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Fig. 2 Response of photosynthetic organisms to excessive light on different time scales

FIE AT RIS, Q4R BRI 6 ApHA T ¥ Z IR B 4915 R (rapidly reversible-dependent NPQ, qE).
IR A FE AR 09 1 R (state transitions-dependent NPQ, qT). E K 2 /4R #1 49 4 R (zeaxanthin-dependent NPQ, qZ)#n .47 4
R #1849 1% X (photoinhibitory-dependent NPQ, ql). #& & & =& & i £ A K-F TAL, #ldodfi K R EA R Pk S 69T .
B IRGIEfG % PSIE SR SR B 600805, ABRA M B o). SAFFARSEFARFENALELT. T4
HRERETMAFERT. EXRAFREGRAARELT. #% A Erickson¥(2015).
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B T 98 A8 A& phot2 ( phototropin2) Fl chupl (chloro-
plast unusual positioning 1)7E 586 Gk = ' [ B,
DR, S5 A1) P U 1 14 5 (K asahara§$2002) . &5
HAth &AM, 3E P54 5 (Chlamydomonas re-
inhardtin) VF 2 oAb .20 i 3558 BAT HEBIZ s 1,
T2k 5 1) AR 02 51 S 4 iz B 1) R A 1k
BUEDHNE ), XARANBOCR L. 8RR T 96T
N, SR A A T 1) 1 22 (B AL A 2 JE et M I B
5 2 1) ' (Erickson£82015) . fER HKF E, 2
S A% 52 21 58 % HE USRI, SR FRAREE - AH B OCIR
PSIIRZ 0 S A G 525 AR (LHCID A W T, AT BELLE
fie &8 M\LHCII 7] PSIITZ (0> 5 £ (Yamamoto£52008) .
2.2 ZRIMNEGTHY R

AN IR I DA UE B YE AR A R RS20,
SR JZARHIR T KA T R & AR
il FERHYGR, Sa& A WA ] i fo th % 5% A1 58 AP 2k
EETR, {4 DNA. RNARIER (4 5 4B,
FHPSUFI ThEe ™ E 2. AT XTI,
TEYAE I 3R B AR RN R AL &4, i 2tb
E PG RAE 5 R A2 SR T S 5, A B T Ik
PSII i) 5% 45 445 (Winkel-Shirley 2002). 1E 54541 5
TR HMRBUR R Z By BP0 E ) RAZ AR R
TR Z By RAE P IR *bh 78, FED1 & H P
o E bE B A Y A PR B PR (Booij-Tames 45 2000) . iX
BERH 5T 25 SRR B A SR T- R AN B ) Bt B
TG 2 AP PSTIATPSIT D1 2 1 36 A A7 -
2.3 ROSERHLHI

B AP 2R AR F 22 Bl (A e H IRE
Mg AR DR R A R T 4
AT PUEAFIORIE DR MR . JEZE & o
A H ISR N 3)A ZIFFRROS (Asada 2006;
Havaux%52005; HavauxflINiyogi 1999; Dall’Osto%%
2007; Peng%£2006), & % ROSH: i 1Y E AL, Ik
2 tHROS 5| 2 X PSTHE & A4, A T 5 B 2
> K PSTIF e Al o
2.4 NPQ

NPQE A AN RN b T HRd 3G N )t i e R
(1), 2 f B BB IR AL H] . — (Derks%52015).
FEE I AR, BIIAPSIR) A B UK BEANE A T4k
FOONL, T 2 A M o AR S DL RS T sURE R, DA

JE K A PSTL 8 K 45 43¢ 35 ('Chl*) [ &5 it (Caz-
zaniga®$2013). M 2R ZEIINPQRER KL 180% (1)
Jefig LLIAE . sUAE L (de BianchiZ2010). NPQA
ANTE] Y2 RS A, — M mT DARR AR 75 52 A ot 75 1) B
() U RA KT e R BILARI R X 730 (1) AERD I [A] )R
JE£ b A pRIE AT 08 ) e B RE R, G S ) SRR R ApH
(potential of hydrogen, pH)## & /) 5 (qE); (2)7EF>/
SRt (A RO B RPRASFe #(qT); (3) PR 75 SEAH
XFQEMIQTHNE, LA E] LN, T oK 2 5T AR it
(1) e B FEHL(qZ); (4)H+ 43 B0 3] LR G H il (qD)
(Erickson%$2015). NPQAN A 4 sext & JE e b
PR e IR TTRRAE AN [R] 20 828 HE L Bl sk A A0 A
PRIEE AW 2 T8 P 22 93l (Goss Fll Lepetit 2015).
2.5 PSIfRtAEE

PSITE JIr A7 D65 N #2x R A AN [F) A 2 1) 45 4
S8, (B R 2000 i s E iR, o
EEVERE R A R A e f Rl AW
RIEW T HRF PR e 200 0 T2 2L
Z———PSIMEEIHI, K65 6 k8 (Mulo %%
2008). PSIE 5 & 40, 15 PSILIY. K I B R 1/ 25 1
Feik. SEMYrE/E S DI/ KA K
4 — Z 3135 1% (Tikkanen Al Aro 2012). PSIIH &
FE 5 65 T DR S R R B ER A, LD a5
13 %t PSILE A5 W I 5 o S PTG 483 4% e 1)
B 5T 46 T-20tH 20 804 AKX, ik X 75 &5 SR 4k v 1Y
A R AT U PEAR IC B B, R ILPSITH D1 A
VA AE BRI ] S I G . 4, LHCITRIPSITAL
EYERTERNE b H0E A, v] Lhk/> WLHCITH|
PSIIZ 0 (1) fig B8 4% # (Herbstova®s2012)

FEPSH M Bt d, EEES 5 20
PSIDIV B (1 B ATE B . B H AT IR, PIASRBER
2R 4 85 1 i X )i —Deg (Degradation of peripla-
smic proteins) &5 [ i F1 FtsH (Filamentation tempera-
ture-sensitive H)2& H &, 4 ¥HEH 2 5D1E A%
fift, FF1F3N T 29T, Degl MDeg2 7£ 24 T 4 fii
PN SR K X o D 1A FBEAT BN R 7 A K
0 By, 2 Ja, ATPAK 6 i) FisH 2R [ i 52 e 4% &
157 1) B R (K apri-Pardes%52007) . [A]IN, 6 H % %
HHZ 5P RS, #UEngA (GTP-binding
protein; Kato%£2018). CLH1 (Chlorophyllase 1; Tian
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££2021). HHL1 (Hypersensitive to high lightl; Jin%%
2014). MPH1 (Maintenance of PSII under high light 1;
LiufllLast 2015)%%. 5¢DI1E AEHE J5, PSS A
Nz ilid Mk & BOS AR TE BUBT B 5 A 1 1t B PSTI
82 5 A 7k (Nickelsen flRengstl 2013). [ T 4 il
(D12 [ 8 5 4, £EPSI N H0 8 A 1 b 4 5
D2 (PsbD) FICP47 (PsbC)fipsbD-psbCHH -1 I
s i A — A PsbD Wi B J5 &1 1, #% A psbD LRP
(light- and stress-responsive promoter; NagashimaZs
2004; ShimmuraZ$2017). psbD LRPW)¥E 55 1] DLk
e G B AR SR I O . X LL 45 ] RE TR D2
B ARG SRR A AE S e AR, (E H AR
XI5 T AR FEAR IR EEATR =
2.6 B FIEE

WHFLRT, FERDGNE R, PST I3 ¥
ARG . I8 3G P SIR 5T A4 B 1) FL A5 38, 1
SRISFEARNE_E ApHI) A= Bi(Yamori FShikanai 2016).
PSIIA L TAL BB AR 2 1tk i 7% 38 52 IR AR 2 A1 R 7T
PAYERF BRI ApHAE, AT IE I 5 NPQI¥I qE 4]
7y IR SN ARG AR K AFERIGE 22 1) D't RE(Yamori Al
Shikanai 2016), 7 R ORIFEE 4 o
2.7 SEPFRRFNR SRR

JeE EYIE DGR A K Oy/CO,m LA (3R
HIR BE) 2 A TR RO, B T COL IR I RE AR 9
WP, B 1,5- W RR AR R R S AL
IS LS. Bl AR AL AE B 254 RN, e
TAEH B AL IS P D 28 AR L Oz
BH- SR R SC-ARRAE S PE AR S LR,
43 72 K [ ATPHINADPH, 1X 228 &)
JRHIAR R 2 S HUE T B . fERX MR
PR, JGREIRRT DL #2 22 A% 1 Ha 7 38 G ot 410 1 7Y
7742 (Huang562019). I ilr (A 78 R B, 6 TG 0E
i A\ T T RS ARR 00 5 (AR
(Wang#%2020).

bR A R TR IR AR S K-
IKAEIRGN, 735 B A8 e v S AR I A7 AE 55 b
— e AR I R, (I8, T /ENADPHR
S 14 F R £ NADPH % 32 45 J7 14 i (plastoqui-
none, PQ), #k17E i 44 K ity % {L B (plastid terminal
oxidase) K I "I 434 SR I PQUE H Y HEL A5 45 70 T

A, A K IFRECO,, 1K — I FE M Bk A i S A R
Weo PHERARIFIR AT B 1 PQIELE FRIE 261 T8 A
o S AE B G AE T E BEE JR, R R e
R PSIMEE MHNHIER, RIOLE S B
Y4545 45 (Houille-Vernes%£2011; Zhao%52021).
2.8 FHMBIERN

ik G B BRI OB VR, S A A
TS I O R R A N O R, X — e AR
FRN%iE W (photo acclimation; Li%£2009). {E#)H)
W AE 3 X 77 5 ) A e AE A (Krom-
dijk%52016). ARG MY, &GIE B
Y EA WA PR-AE: (DM R R, 4iJZ 2,
JfL K (Weston 55 2000); (2) 54> 41 g Hh - 4 4 B &2
Z, BRRED, QM ERcEESHERERIGE]
{E(Chl a/b)fmy, B-BHES b Z A2 RIFH (L KT
75 (Bailey2%£2004); (4) PSII/PSIELAE &, 1iPSITA
£ T 7N (Schottler F1Toth 2014); (5) H, 4% i s
=1, CO, [k 28 A MM £ iy (Wild HT Wolf 1980);
(6)ft ETHFERE /1= (Mishra%52012) .
2.9 HibRIPHLH

B B SE LRI HLEI S, Sah A ik 2 i it 3
b 77 TCRE G I B B SE . (1) 2ok
Yo G A I, LERT I T REE b, 40 i mT B3]
AT EREH IR, Wi R R R, S
TAL, JFiEEd RFERUE K 2 RIGDGRE, LPAT40 i
X FGREIIFIFHRE T o 038R F vk Hi &R “spillover”
Y4 PSILIY) e & B B AL i A PSI, X B AT LLZE 9 AN
FR G PSITHIPSI ] L 20Uk g, F i i PSTHE L
PSIIf A8 2 2 ok 45 PSILI & & (Yokono%52011)
(2) R 6 38 3 T A J ek s e D ik g A= ) B BGCR 1R
BRI N RIE. o, HEE R AL R A &k
2 3 22 PRSI AR, B T YME
J 8 R ) A B (Tanaka fll Tanaka 2007). (3)7K#[&
Al eIl FE L2 R IGTOK RE, B 5EPSIR B 10 2
H R BERR b K T, 4EFEPSIH 2 B A 1R i fa e 1,
A R G2 ARG A R 2 G R4 (Chen®$2020) . (4)
FE M A — R S 1) % A 70 % o 400 P 25 50 200
2% o 20 i R 49 WL (Bassham 252006) . H 4, 78
B AR T A Y SR P A K E IROS KT
B A E A M 2H 5338 BCE AR AR , TT2 A
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AT FEEROSHIIE— 07 A2, 3 Jl 5 ™ 5 1 20 45
P70 3 A5 1) e S A 2 i i R 1 B R R AT R
fift, 20 R A FR -2 44 F W (chlorophagy; Na-
kamuraflllzumi 2018). A 704 SRR, 44k
H g A] DU i 6 S AR AR R 9 1T 2 O T RE 11
SR ARAE R TP 56 4 PR A (Izumi%52017) . A B 5T

3 REERE

WAL, FAVLRR 7O E AV ED e T
(1) — ZR B AR A A S I B B A 4 S e AN R 1 ol
EIRET RIS (E3). mothE 2 ‘%ﬁlj‘ﬁ’*‘i%ﬂj
PLEINHIIL R, 558 A A VD20 M 46 #4 R AR B0,
FROS, LA B IREZ 0, .JH:XULJ%QEE%

R WHy-2 % ] R (y-aminobutyric acid, GABA) R G&iH
i B W R0 e O 5 ) e R A A S B AR
F(Balfagon%$2022).

AR BONAR]. SeE e QRS 7R
HE R T 22 Bl R AL R R X e e HA 85, il
WGP SR ARE B FINPQAE, LLIEE 4 B I

= a. ARERE
= b. TRERKBEER

[ FZZIN (PSI) 33 ]

Bk A [ mrenTm ]'*Cﬁtﬁﬁnx
‘ SR — d.RASEE %
SR ‘ \
B. = e. PSIIF B F15i%
[ mrmens | - foswzmrssw

5. s&tts (Ros) 7t |

1—»

;&:9@% — PSIIZiR (BERRMEREWL
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Fig. 3 Changes of physiological and biochemical processes of photosynthetic organisms under high light stress

1 St 2: RAAY B4R R BN . 3 RAOAYBLF AR ETLRBE Y ZIHRE. 4 SAEFH
PSIVF ARER 9, F 5 Ak 8 BALIT Bk AL BT B, A TLFAT T P680 4 b 3 7k, SRPSIIE B A . 5: kA uyrt i %
ML SRR —FTHEFHHE ZRE O RAROSH 4. 6: HROSAEPSIE & o fig R AL B A F 4 BALR A
0, A2$#PSIREE, 7: PSIGARMS ik AR T PSS F ik %, PSIIE M B A & k3 4]. A @it % AP AL £ R &K
- _E BARPSIISA & %, 2 0F s, PSITA AR Z R (a. binc: AR B TULERKALA ABEBRARAT, & AR ETL
AR IR A NS R B4 ZPSI). B: £ F AR LR AR89 ik (e L Cyt by /T8 IR X F 423, PSII

SR BT A B P s Rl AT 8 BB IR R LR £ AR PSILA & 49 & -F & #7i8 RP680’, &%Lﬁf&i&%go*umﬁ@
T @ AT4E4,; g EPSIIZSL, BFTAFRE| AT 2, (2B THEFT IS
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Bifhi. FEBEE AR, SE ORI HLHI AL
RS Rk B T, K A B 2 IR ORI L e A B

BEAR A VF 2 B R HLH], T LOE
o T IS AR R AR 2 ROk, (LA
HAMR R —MEF M RR, 5%2etiE. FE,
H D PN I RAEAT AT 56 1F T T RE R AR, 18
257 B 2 AW RIS S5 AR 15 o A AT
— e LR ML AT LA SE A By e T 7 A, T
HATART— P LR AW ] 3 75 22 V4 FEAH B 1) e s A
Jii o R, 6T 6Bl R TSR T BN £ 1)
B () ARG 770 X AR TR FHBLA A5 F B,
Bty FLEM A AL 2R BE R YL ThREA M.
SR GRUEE. RS LAY ¥
SERRTHR A AP T e e U S & R, R AT
RE Hh B O 0 xS Y A AE P, R R AT R
BN R 2 M A E, B S 12,
THENUEE . BRI A AE, K xd Seshhl &
TR HIRIE T A 256 =5 1) 4 SR B 22 b 2 8 AR . FH 21
b A== e, 3T S A b 3 SR AR AR ) e A
Rey, BB BAEOLR. sRE NS SR, A
MRS BE (= B B4 1) O o B B AR (1) 8 35
UINIER

& Z 3k (References)

Adir N, Zer H, Shochat S, Ohad I (2003). Photoinhibition — a
historical perspective. Photosynth Res, 76 (1-3): 343-370

Asada K (2006). Production and scavenging of reactive ox-
ygen species in chloroplasts and their functions. Plant
Physiol, 141 (2): 391-396

Bailey S, Horton P, Walters RG (2004). Acclimation of Arabi-
dopsis thaliana to the light environment: the relationship
between photosynthetic function and chloroplast compo-
sition. Planta, 218 (5): 793-802

Balfagon D, Gomez-Cadenas A, Rambla JL, et al (2022).
y-Aminobutyric acid plays a key role in plant acclima-
tion to a combination of high light and heat stress. Plant
Physiol, 188 (4): 2026-2038

Bassham DC, Laporte M, Marty F, et al (2006). Autophagy in
development and stress responses of plants. Autophagy, 2
(1): 2-11

Bjorkman O, Demmig B (1987). Photon yield of O, evolu-
tion and chlorophyll fluorescence characteristics at 77 K
among vascular plants of diverse origins. Planta, 170 (4):
489-504

Booij-James IS, Dube SK, Jansen MA, et al (2000). Ultravi-
olet-B radiation impacts light-mediated turnover of the
photosystem II reaction center heterodimer in Arabidop-
sis mutants altered in phenolic metabolism. Plant Physiol,
124 (3): 1275-1284

Cazzaniga S, Dall’Osto L, Kong SG, et al (2013). Interaction
between avoidance of photon absorption, excess energy
dissipation and zeaxanthin synthesis against photooxida-
tive stress in Arabidopsis. Plant J, 76 (4): 568-579

Chen YE, Mao HT, Wu N, et al (2020) Salicylic acid protects
photosystem II by alleviating photoinhibition in Arabi-
dopsis thaliana under high light. Int J Mol Sci, 21 (4):
1229

D’Alessandro S, Beaugelin I, Havaux M (2020). Tanned or
sunburned: how excessive light triggers plant cell death.
Mol Plant, 13 (11): 1545-1555

D’Alessandro S, Havaux M (2019). Sensing p-carotene oxi-
dation in photosystem II to master plant stress tolerance.
New Phytol, 223 (4): 1776-1783

Dall’Osto L, Cazzaniga S, North H, et al (2007). The Arabi-
dopsis aba4-1 mutant reveals a specific function for ne-
oxanthin in protection against photooxidative stress. Plant
Cell, 19 (3): 1048-1064

de Bianchi S, Ballottari M, Dall’osto L, et al (2010). Regu-
lation of plant light harvesting by thermal dissipation of
excess energy. Biochem Soc Trans, 38 (2): 651-660

Derks A, Schaven K, Bruce D (2015). Diverse mechanisms
for photoprotection in photosynthesis. Dynamic regula-
tion of photosystem II excitation in response to rapid en-
vironmental change. Biochim Biophys Acta, 1847 (4-5):
468-485

Ehleringer J, Forseth I (1980). Solar tracking by plants. Sci-
ence, 210 (4474): 1094-1098

Erickson E, Wakao S, Niyogi KK (2015). Light stress and
photoprotection in Chlamydomonas reinhardtii. Plant J,
82 (3): 449465

Garai S, Tripathy BC (2018). Alleviation of nitrogen and
sulfur deficiency and enhancement of photosynthesis in
Arabidopsis thaliana by overexpression of uroporphy-
rinogen III methyltransferase (UPM1). Front Plant Sci,
8:2265

Goss R, Lepetit B (2015). Biodiversity of NPQ. J Plant Physi-
ol, 172: 13-32

Havaux M, Eymery F, Porfirova S, et al (2005). Vitamin E
protects against photoinhibition and photooxidative stress
in Arabidopsis thaliana. Plant Cell, 17 (12): 3451-3469

Havaux M, Niyogi KK (1999). The violaxanthin cycle pro-
tects plants from photooxidative damage by more than
one mechanism. Proc Natl Acad Sci USA, 96 (15): 8762—
8767




FRHTEE: A AV CMBIEL S 506 Ry it 713

Herbstova M, Tietz S, Kinzel C, et al (2012). Architectural
switch in plant photosynthetic membranes induced by
light stress. Proc Natl Acad Sci USA, 109 (49): 20130—
20135

Houille-Vernes L, Rappaport F, Wollman FA, et al (2011).
Plastid terminal oxidase 2 (PTOX2) is the major oxidase
involved in chlororespiration in Chlamydomonas. Proc
Natl Acad Sci USA, 108 (51): 20820-20825

Huang W, Yang YJ, Wang JH, et al (2019). Photorespiration
is the major alternative electron sink under high light in
alpine evergreen sclerophyllous Rhododendron species.
Plant Sci, 289: 110275

Izumi M, Ishida H, Nakamura S, et al (2017). Entire pho-
todamaged chloroplasts are transported to the central vac-
uole by autophagy. Plant Cell, 29 (2): 377-394

Jin HL, Liu B, Luo LJ, et al (2014). HYPERSENSITIVE TO
HIGH LIGHT! interacts with LOW QUANTUM YIELD
OF PHOTOSYSTEM II1 and functions in protection of
photosystem II from photodamage in Arabidopsis. Plant
Cell, 26 (3): 1213-1229

Johnston DT, Wolfe-Simon F, Pearson A, et al (2009). Anoxy-
genic photosynthesis modulated proterozoic oxygen and
sustained earth’s middle age. Proc Natl Acad Sci USA,
106 (40): 16925-16929

Kaiserli E, Paldi K, O’Donnell L, et al (2015). Integration of
light and photoperiodic signaling in transcriptional nucle-
ar foci. Dev Cell, 35 (3): 311-321

Kapri-Pardes E, Naveh L, Adam Z (2007). The thylakoid lu-
men protease Degl is involved in the repair of photosys-
tem II from photoinhibition in Arabidopsis. Plant Cell, 19
(3): 1039-1047

Kasahara M, Kagawa T, Oikawa K, et al (2002). Chloroplast
avoidance movement reduces photodamage in plants. Na-
ture, 420 (6917): 829-832

Kato MC, Hikosaka K, Hirotsu N, et al (2003). The excess
light energy that is neither utilized in photosynthesis nor
dissipated by photoprotective mechanisms determines
the rate of photoinactivation in photosystem II. Plant Cell
Physiol, 44 (3): 318-325

Kato Y, Hyodo K, Sakamoto W (2018). The photosystem II
repair cycle requires FtsH turnover through the EngA
GTPase. Plant Physiol, 178 (2): 596611

Kono M, Noguchi K, Terashima I (2014). Roles of the cyclic
electron flow around PSI (CEF-PSI) and O,-dependent
alternative pathways in regulation of the photosynthetic
electron flow in short-term fluctuating light in Arabidop-
sis thaliana. Plant Cell Physiol, 55 (5): 990-1004

Krieger-Liszkay A (2005). Singlet oxygen production in pho-
tosynthesis. J Exp Bot, 56 (411): 337-346

Kromdijk J, Glowacka K, Leonelli L, et al (2016). Improving

photosynthesis and crop productivity by accelerating
recovery from photoprotection. Science, 354 (6314):
857-861

Laloi C, Havaux M (2015). Key players of singlet oxygen-in-
duced cell death in plants. Front Plant Sci, 6: 39

Li L, Aro EM, Millar AH (2018). Mechanisms of photodam-
age and protein turnover in photoinhibition. Trends Plant
Sci, 23 (8): 667-676

Li Z, Wakao S, Fischer BB, et al (2009). Sensing and respond-
ing to excess light. Annu Rev Plant Biol, 60: 239-260

Liu J, Last RL (2015). A land plant-specific thylakoid mem-
brane protein contributes to photosystem II maintenance
in Arabidopsis thaliana. Plant J, 82 (5): 731-743

Long SP, Humphries S, Falkowski PG (1994). Photoinhibition
of photosynthesis in nature. Annu Rev Plant Physiol, 45:
633-662

Melis A (1999). Photosystem-II damage and repair cycle in
chloroplasts: what modulates the rate of photodamage in
vivo? Trends Plant Sci, 4 (4): 130-135

Mishra Y, Jankanpaa HJ, Kiss AZ, et al (2012). Arabidopsis
plants grown in the field and climate chambers signifi-
cantly differ in leaf morphology and photosystem compo-
nents. BMC Plant Biol, 12: 6

Mulo P, Sirpio S, Suorsa M, et al (2008). Auxiliary proteins
involved in the assembly and sustenance of photosystem
II. Photosynth Res, 98 (1-3): 489-501

Nagashima A, Hanaoka M, Shikanai T, et al (2004). The mul-
tiple-stress responsive plastid sigma factor, SIGS5, directs
activation of the psbD blue light-responsive promoter
(BLRP) in Arabidopsis thaliana. Plant Cell Physiol, 45
(4): 357-368

Nakamura S, Izumi M (2018). Regulation of chlorophagy
during photoinhibition and senescence: lessons from mi-
tophagy. Plant Cell Physiol, 59 (6): 1135-1143

Nickelsen J, Rengstl B (2013). Photosystem II assembly:
from cyanobacteria to plants. Annu Rev Plant Biol, 64:
609-635

Niyogi KK (1999). Photoprotection revisited: genetic and
molecular approaches. Annu Rev Plant Physiol Plant Mol
Biol, 50: 333-359

Pastenes C, Pimentel P, Lillo J (2005). Leaf movements and
photoinhibition in relation to water stress in field-grown
beans. J Exp Bot, 56 (411): 425-433

Peng CL, Lin ZF, Su YZ, et al (2006). The antioxidative func-
tion of lutein: electron spin resonance studies and chemi-
cal detection. Funct Plant Biol, 33 (9): 839-846

Pérez-Bueno ML, Pineda M, Barén M (2019). Phenotyping
plant responses to biotic stress by chlorophyll fluores-
cence imaging. Front Plant Sci, 10: 1135

Rokka A, Suorsa M, Saleem A, et al (2005). Synthesis and




714 TP A B 244 www.plant-physiology.com

assembly of thylakoid protein complexes: multiple as-
sembly steps of photosystem II. Biochem J, 388 (Pt 1):
159-168

Schmitt FJ, Renger G, Friedrich T, et al (2014). Reactive oxy-
gen species: re-evaluation of generation, monitoring and
role in stress-signaling in phototrophic organisms. Bio-
chim Biophys Acta, 1837 (6): 835-848

Schottler MA, Toth SZ (2014). Photosynthetic complex stoi-
chiometry dynamics in higher plants: environmental
acclimation and photosynthetic flux control. Front Plant
Sci, 5: 188

Shimmura S, Nozoe M, Kitora S, et al (2017). Comparative
analysis of chloroplast psbD promoters in terrestrial
plants. Front Plant Sci, 8: 1186

Shumbe L, D’Alessandro S, Shao N, et al (2017). METHY-
LENE BLUE SENSITIVITY 1 (MBSI1) is required for
acclimation of Arabidopsis to singlet oxygen and acts
downstream of B-cyclocitral. Plant Cell Environ, 40 (2):
216-226

Suetsugu N, Wada M (2007). Chloroplast photorelocation
movement mediated by phototropin family proteins in
green plants. Biol Chem, 388 (9): 927-935

Suzuki N, Koussevitzky S, Mittler R, et al (2012). ROS and
redox signalling in the response of plants to abiotic stress.
Plant Cell Environ, 35 (2): 259-270

Tanaka R, Tanaka A (2007). Tetrapyrrole biosynthesis in high-
er plants. Annu Rev Plant Biol, 58: 321-346

Telfer A (2014). Singlet oxygen production by PSII under
light stress: mechanism, detection and the protective role
of B-carotene. Plant Cell Physiol, 55 (7): 1216-1223

Terashima I, Funayama S, Sonoike K (1994). The site of pho-
toinhibition in leaves of Cucumis sativus L. at low tem-
peratures is photosystem I, not photosystem II. Planta,
193 (2): 300-306

Tholen D, Boom C, Noguchi K, et al (2008). The chloroplast
avoidance response decreases internal conductance to
CO, diffusion in Arabidopsis thaliana leaves. Plant Cell
Environ, 31 (11): 1688-1700

Tian YN, Zhong RH, Wei JB, et al (2021). Arabidopsis
CHLOROPHYLLASE 1 protects young leaves from
long-term photodamage by facilitating FtsH-mediated D1
degradation in photosystem II repair. Mol Plant, 14 (7):
1149-1167

Tikkanen M, Aro EM (2012). Thylakoid protein phosphory-
lation in dynamic regulation of photosystem II in higher
plants. Biochim Biophys Acta, 1817 (1): 232-238

Tiwari A, Mamedov F, Grieco M, et al (2016). Photodam-
age of iron-sulphur clusters in photosystem I induces
non-photochemical energy dissipation. Nat Plants, 2:
16035

Wada M, Kagawa T, Sato Y (2003). Chloroplast movement.
Annu Rev Plant Biol, 54: 455-468

Wang LM, Shen BR, Li BD, et al (2020). A synthetic photore-
spiratory shortcut enhances photosynthesis to boost bio-
mass and grain yield in rice. Mol Plant, 13 (12): 1802—
1815

Wang ZB, Li GF, Sun HQ, et al (2018). Effects of drought
stress on photosynthesis and photosynthetic electron
transport chain in young apple tree leaves. Biol Open, 7
(11): bi0035279

Weston E, Thorogood K, Vinti G, et al (2000). Light quantity
controls leaf-cell and chloroplast development in Arabi-
dopsis thaliana wild type and blue-light-perception mu-
tants. Planta, 211 (6): 807-815

Wild A, Wolf G (1980). The effect of different light intensities
on the frequency and size of stomata, the size of cells, the
number, size and chlorophyll content of chloroplasts in
the mesophyll and the guard cells during the ontogeny of
primary leaves of Sinapis alba. Z Pflanzenphysiol, 97 (4):
325-342

Winkel-Shirley B (2002). Biosynthesis of flavonoids and ef-
fects of stress. Curr Opin Plant Biol, 5 (3): 218-223

Yamamoto Y (2016). Quality control of photosystem II: the
mechanisms for avoidance and tolerance of light and heat
stresses are closely linked to membrane fluidity of the
thylakoids. Front Plant Sci, 7: 1136

Yamamoto Y, Aminaka R, Yoshioka M, et al (2008). Quality
control of photosystem II: impact of light and heat stress-
es. Photosynth Res, 98 (1-3): 589-608

Yamori W, Shikanai T (2016). Physiological functions of cy-
clic electron transport around photosystem I in sustaining
photosynthesis and plant growth. Annu Rev Plant Biol,
67: 81-106

Yokono M, Murakami A, Akimoto S (2011). Excitation energy
transfer between photosystem II and photosystem I in red
algae: Larger amounts of phycobilisome enhance spill-
over. Biochim Biophys Acta, 1807 (7): 847-853

Zhao J, Yu WJ, Zhang LT, et al (2021). Chlororespiration pro-
tects the photosynthetic apparatus against photoinhibition
by alleviating inhibition of photodamaged-PSII repair in
Haematococcus pluvialis at the green motile stage. Algal
Res, 54: 102140




