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PS1SHMERIE. A iEFALN B
k&Y, BHAN

o [ R B AR U T A SRR G, JE T 100093; Prf E RS B e A 4 B SR %, JbRT 100093

WE  GEEACT ZNAT AW AR, I E 5 P515FP700%E LI T Bh /)2 LA K SRR 78 64, nlba ., v
A IR e BiE Tt . PE1SME S 2 A E T AiE 28 rh, RBFAE LGRS FRIOBRE, HRboLilk
AR . FIHGE S IPS15HGE A ES) 15, AlKPSIAIPSI R R A Gl . ATPSEEI R 7% Sk . FEl%:PSI
MR AR 2 3l J 3 LAy, B nE I [F DA 4 2R 5 S FIPS 1515 SR SR LRI AL . %30 R 45 T P515
M EZWE R, i LENE, BIERRA R EE AN A AR R

KB P515, ATPAHES, PRV AL, T3 s

REFH, BEA (2021). PS1SHMEREL, TR . %R 56, 594-604.

FESGEAVE I, DG & AR SOK BH e I 22
Ko F, TERFERTE s R OR B I HT I 3R ) i 718
R A S YA T B A58, B2 il R A
I e e MR e A R W PR (i g 1) (NADPH). [F] I,
TG L R A% 34 T BT 1 D P S A R 5T ) SIS B A B
Jes At 3 JE PR 2 b B 1 (MBS I i is, B S R /RSO3
THFEST 7 HEAT [ ik, X 3B SRR ILFRAL, XL K]
F LR T s L H (AW AT 16 B2 (ApH), B
Jii-¥ 3l /1% (proton motive force, pmf) (Cruz et al.,
2001; Carraretto et al., 2016). Jfi 751 /1 HIKEHATP
B A IR =R (ATP), ATPHINADPH A & 1F
F bR IR ST 34 B FL e AR i A2 SR 4L e B AL R )
(Kramer et al., 2003; Takizawa et al., 2007).

TECEAE T, SRPERNE ™ A 1 i s F 5 o iR
FL & R MIRIOETE(Witt, 1979). X — IR &
HDuysens (1954)% 3, /NERTE(Chlorella)fE 18t 4%
PET H WO i SRR Hof KRR E515 nm
i, BIP515(5 5 (W FRECS{5 %5, electrochromic
shift). JungefIWitt (1968) & 31, P515(5 5 5254
PSR E A BRI R R JaRKIIPS15(5 5 i 17 /E
TG AR R, ENGIER IR, KRk
JBE b S b AR b &7 T IROGRE JE KA RE
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GRERIT, TS S R T R AR R, AT
fdr LW W% 1% &% 42 AL # (Fork and Amesz, 1967;
Schmidt et al., 1971; Holmes et al., 1980; Hirano
and Katoh, 1981; Frese et al., 2002; Zhang et al.,
2009; Bailleul et al., 2010; Klughammer et al., 2013;
Sukhov et al., 2016; Allorent et al., 2018; Viola et
al., 2019).

A M E AR TES 15 nmdd (RSO B, AT
Pudg, o, WEFHIR AN R B EME. R
T RSB S IR T AR 855 R . IEAh, PE16IE T 53
EIGIERRG G, R RILAE A B FT i
. filtn, P5155MS R 5O, ] [F 2 haiil s
T OB RN KB T B S 7 NPQ
(non-photochemical quenching), B 7GRS FRIAL
DA 5T 31 0 35 Y P WL ) 2 ik S vRE e 1 0
P5155P700% Lk R 3l /1 22 35 W] i S5 SR PS4
AL 2, W EoYENHE. thAh, P51551H:
LRV PTOORALIE IR 8 12 45 G A8 1, At st
LARATPE BT RE . PR AR08 S R
ATP/NADPHIH LA 73 e 55 16 21 5 22 1 R S FF

B, fillP51515 5 A & 3 247 LEDW#UK - 1R
MG HE4Y (JTS-10, Bio-Logic SAS, France). XLi#iE
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W | i 4% K 9 B (DUAL-PAM-100, Walz, Germa-
ny) 1 20 #5 LED Ff %1 2 7= W) 0k 38 A (KLAS-100,
Walz, Germany)%4s. LEDFUR-FRI GG AT A6 i
i £E 520/540 nm ¥ 0% W Wi, 8 R 3 O A RCE
520/540 nm TPkt AT 3k43520/540 nmi il &
I, W AERE GO RIS, AIARYEAE
BRI WS Tl B B S RV A o TELRT TR DG AT ER RO 4%
it HE2q k& EWalzif &, w50 AR
i 7E520-550 nmA1507-569 nm i 2% 7~ I i 6 i
TG NE R, MR G S5 i oGS R
[ —HLEDAT AR L

1 SRR

3 P4 4< # (Chlamydomonas reinhardtii L.)E 4 74 Al
PGR5 R AL H AL .ty . #09 TF (Arabidopsis
thaliana L.)Ef A= RN EHG ELR A A

2 HiE

2.1 MEPSIFIPSIIE LB LbE

B2 mL I 38 I 35 11 20 % 28 THE B 10 3 P AR MR (IR FE 4
25 ug-mLT ) LR, RN WU T s 4R et
1o FTHFIEG(520-550 nm), i 01 7% 26 S A A
J6(ST, ¥K:635 nm, H#E200 000 pmol-m™2s™, HE
ZEI )5 ps), FIAE A 7ES20 nmAd K] Y6 U (RIP515
Pzl 715%). Hrp YUk BT AR PSIFIPSINR
MRt O EE . RSN AU — H IR (DCMU) AL
BE(HA) (HIPSIDE GG, R IP5154k
BN 32, FoA P TR AR R PSR R H O )

22 MEATPEEHRFESIE

VBT 3/ )N IR PRI R T 20 A iy T8 N O T R o P
SRR A EN, FHMAOE (K635 nm, bR
500 umol-m™-s™) 1040 8h, 1) #2454 5 ICO,
(380 pmol-mol™) . i Ji (60% K i JiF ) Fl i E
(23°C). KMNEE, FMIFE 5 7E 5250 msIP515
FEVR BN F7 2 (S B () AT AR 4 AR R ), EE
100k, HCPIME. P5153EIR BN /15 281 52 AR5
U MLAR SN A I T ATP AT 7 s 2, H

FREHE: P15 IR EHE ., BRI 595
ATP &I T46 22 (Blgy”, Bfrs™).

2.3 NEELEPSIHFR B FEHERE

B 7 120% 58 B DL KX DCMU FTHA ) 3 B9 AX 388 57 A=
T RIPGR5 R A8 1A (W £ 4125 ug-mL™" )i i 320434,
g3 ks I P55 R I By /) 2% (24N B b PR E B B
2 43 51 81.21%x10° AIFI1.16 x10° Al/l). SR 3K
P A B A B FI PG RS R AR A4 43 Ji MR D543 B (L5 4
80 pmol-m2s™"), BRI A M, FHiHik
I 5 43 ARG I LI ATP A B 5 T i R, B3R
KHEFAIBEE . AR, BRI ER
(RIBE IR LL1.21%x10% Al/l, PGRS 2 AL 44K ) Hic 4 B4 LA
1.16x10° Al/I, 745 4hAL k7 £ #E M electrons/PSI,
F 2 Bdm s —Ak, ASTEENO.,

24 MERTFHHBREES(FEEERBFEER
FHE)

W I & RE 3N (9 1 B AR BR335SR
T A T TN I T ) 2R SO A =
IO, Fried-Fia)E, 7)1 O6(635 nm,
750 pmol-m™2-s™"), PSIHIPSI st & H1 0 % 4 J5 #] H,
faf 40 B, M BP515M5 Sl i . fERFEE DL
(3 7rBh)id A, BRI A AW AR R 5 1 3B W
MNP E 7 (FZERZCH) AL, P515(5 5 ik B AH T
a4 7/KF(Cruz et al., 2001; Schreiber and Klug-
hammer, 2008). ¥tk oto% HBEIA], SEFE A AR R
(19 )53 DA A8 1) Tk 26 38 I ATP A i PR e Tl 31 R 38
PRIE T, JE REE N A BT TR, AT 1R (S 5 R
¥, RIAPEI5ME 510 T [, NP 10 45 KR FE AP
Ji T3 1 (pmf) . WSO S, BEE RIEAAR N A
BT (FERCI)MAMA, F 0 BH 1 (R 2K
Mg ), TN A 4h S T3 B A B 7 5 (Hind et
al.,1974; Schoénknecht et al., 1988; Pottosin and
Schonknecht, 1996), < IP515(% 5 X 18181k,
RINGE B EFAIFEEIER] “HEHL” (Cruz et
al., 2001; Schreiber and Klughammer, 2008). pmf
Je A0 4 A AT ApH ) 11 5 77 125 4 B SRR (Schreiber
and Klughammer, 2008).

25 RHEMEMFRKAEFMPSISES
{6 FFSOSER 38 9 o 45 3 5 16 {3 P5 15/535 LBl -4
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FOOGLEE, FTULSRILPE15(E 5 MM SRR KM E s S B E AT S =T, A PS5 AT E A4
BIWE . KIMAN20% KRR W R ERES  POEERER RS R E2PREN, BH
30 ug-mL S ERI2050 8, TRATOLAUIMES, 7> HERADES TS SREW515 nmAEIE L £ Pk
FFTIFP515/535 B A LR 2 OB &, £ B, BIPS1SPE ) /1%, LUkit HPSIFIPSIIR B
Wi s 5 Fha)a, F1FMAIAYE(635 nm, 6 000 pmol: LA . PS15PE S J) 2 FE 3 i Pk |
m2s™, FREENT 1250 ms), A BECRAR RO THEL. 918 LT BORIZEE T R BL(E1A). PR
HrE i (Fm). G HFEHIE(635 nm, 1 500 pmol: TG B I I LA, PSP SR B A0 58
m2s™), PSIFIPSIE A8, SEPSI5ESM &0, HIEEERIAE(ST)SHE S0 RSt
MR O R POE BT B RIS OGRS O, RAEIEWI R4 B, AT 512515 nmAb o Rl bR
MR T BRI ® (F') T, IPS15ME ik BN, 38608 S WA 3 PE T PSIRIP S B H O 30
BN RS . WEWOERE, Fo' BHIKE BB KT (TR £ APk b THB BRI B ~2.24%10°
FEE(Fn), MP515(5 5l N EHRKT, 512 Al (F1B). H7EFE 5 I ADCMUFIHASE 4= 11

W PSIHI AT, ¥R EE RN 6L 5 PSIR B
L R RS B, 13 BIPSI R ek (i
3 gEEEitie i 3 B4 LT A Bk - T B I I 9 1.13% 10

Al (F1B), BT 3RAF24N 8 S o 0 B Y EE AR (2
3.1 PS15ESHMREYNENM S FHIERME 1.02). P515(5 S B2 Jaf — e i LT+,
AR FF BIME S T B, Sk AT LA 20 B A 1 LT A
THE2AN G R G B O B ONE SR 2R AL, 5 Cytbefib BRI A 5% 1
WG REAT B FERRE 250, 14 BIPSIRIPSI AL sr ek MIDERMA)E, & LT g BTt B i

A B C
— WT 1.0 5 — WT
21 — WT+DCMU+HA 0.8 4 — WT+Preillumination
2 © 06
1 X
d =S 0.4 4
— 40 ms < <
0- 0.2 1
0 -
T ST T T T 1 T T T 1
0 100 200 300 0 100 200 300
Time (ms) Time (ms)

E1 WAL S HIP5 15 S) 2

(A) MR F HIPS15IE S 1R B, WHEPGE BB (1) 2218 LB Be ()N 18 N IR B (4x), 87 kaRn1 IR i
YA 6 (ST); (B) 18 1IN 06 i 5 36 19 4K 3 7 520-550 nm fJ bR I Ui A8 4k (B A B N % ok K 635 nm, i
200000 pmol-m™2-s™", FFLEMFA]5 us), PR HE AR (WT) (REL25 pg-mL YA (LD)FAIIA(RE) 10 pmol-L™" — & 23 —
JIE(DCMU)FI mmol-L™ 2z (HA), 315 B 35 D3 4 S0 & 12043 815 (C) TR XTI PSSR S 22 (K1 R0, 36T A T A 7R IS 38
72073 (BB ) LA R 7E 56 T RREEIR 6243 4h (013140 pmol-m™2-s7™"), B4 (41) 5 P55 HE 3 /7% .

Figure 1 The P515 fast kinetics induced by a single turnover saturating flash

(A) The diagram of P515 fast kinetics induced by a single turnover saturating flash, rapid ascent stage (orange), slow ascent
stage (blue) and slow descent stage (green), the arrow indicated a single turnover saturating flash (ST); (B) The rapid absorp-
tion changes of Chlamydomonas reinhardtii cells (WT) at 520—-550 nm induced by a ST (the wavelength of ST was 635 nm, the
light intensity was 200000 pmol-m™-s™" and the duration was 5 us), WT (concentration 25 pg-mL™") was incubated with (red)
and without (black) 10 umol-L™" 3-(3,4-dichlorophenyl)-1,1-dimethylurea (DCMU) and 1 mmol-L™" hydroxylamine (HA) for 20 min
in darkness; (C) The affection of preillumination to the P515 fast kinetics, WT algae was incubated in darkness for 20 min

(black) and preilluminated for 2 min at 40 pmol-m™-s™" followed by 1 min dark (red).
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JE S R, X2 T IE L ATPA B S 5 2 (Sc-
hreiber and Klughammer, 2008; Bailleul et al.,
2010; Viola et al., 2019).

EARE R, WHINGAT RE= 75 T PSSO 1
O R A2 AT 2 1, I 3 B A7 20 B8 1) B 8 o
K& bk = it (Bailleul et al., 2010). 7ERMIGIE B 4
THLEHF 75 T, PSURIPSII R Hca il Lol 2 & 8
HAF T it 1 B SR8 =, e SR H g
B BRI 1 3 B A 8 BFA R p71 8 A8 44, L PSIAN
PSR &R NIH AN FFEEE RN, TTBFARAL K
BT PSHE A K A2 BH, FEPSI/PSI R Hrt b
#4042 1.25 (Bujaldon et al., 2020). HEAAPSIAI
PSR RN KA BAR, (H 3R P A A4 7T 3 5 F
IKPSI/PSII s ¥ 100 1 EUAE T& B 5851 A2 K. (Bonente et
al., 2012). B2 5 R 1 25 (PC) A 31 19 A< 8 8 AR TR IR
A R AT s 258 2 PR A1, HPSIPSIIELE
Eb Y A2 7 R £10% (Nawrocki et al., 2016).

ZIE SRR 5 32 PO G I 20, SR R A i 220
HATAT 72 RBERES . 2 BaEEM, 2
B Ay OB L R AR HLA A B, BRBh LA A R B
Al 3ds, NI A AR TR S 5 - FA) PR - 2 A1, 2%
B b B B R ( 1C) (Schreiber and
Klughammer, 2008; Alric, 2014). It4h, FilEE 2
TR EATPA B, MR ML S, M
RS N BN BRI, DR 2218 R R B
F1R) S8 U R 4 T H) W S A B 1) 38 3% 17 (Schreiiber and
Klughammer, 2008).

PRI G5 3 PSSP IR ) ) 27 th 26 1) S5 46 15
7 LURRF A BALId R, R PS151E S CR, it
REIERE R L e AN AL . DLIEIMB I, 7R 5K T4
A A B R it ADCMURIHAJS, PR B FHBY B 1)
R 18 R 1.13%10° AL, ARFRMLH A 6 ALA S PSR B
b RAEVR AT 8, PP AT, B elec-
tron/PSl. 75 ffLLE:, P515TRIEZ) 72 ih 28 Hdh bk
PAPSIBEAT 1 LA 73 B8 BOWR B, W] K AL R AL HE
RAPSUEE R H T4, Rlelectrons/PSl.

3.2 PSISESAMRHFFATPEEGHITIGEIR
RARZH

MDA T RSP EERR, Ed A TR gl
HEC 1 0T U0 N S R B s 11 3R 5l i AT P& I 11

FREHE: P15 B EHE ., JEfMN A 597

JR ¥ i HH 3 R A 45 (Sacksteder and Kramer, 2000).
DIRK (dark internal relaxation kinetics)# A /& #) F
FLE I B (<500 ms)THiAb TR 0G0 s A1
T, KB E520 nmik )ik I (Sacksteder et
al., 2000). %75 V% 7] fiti B 2R AR AT P& i 1605 1t
(Cruz et al., 2001). H 52 M ATP Al i 14 PR AR AT,
T I ATP A ) 0 -3k HE o et 2 AH B PG . PLRE I
B A2 500 pmol-m™2s™ RO REBREE R, 44k
ATP &5 745 S5 (gn ") 994.3-s7" (B2). flHE T
bfalfiibfa3d e HMATPE B RALR, £ [FOL M8
T, Hgu il T & B A4 R 1130%F150%, A 35
KU EINPQ (Zhang et al., 2016, 2018). X /&
KA S ATP & BEE P AR, S8 ATP& B R T
R IEK, SR FAEREARRERE RN, B E
R A 2 A HINPQEE S, MR I H E7KFHINPQ. 4
®i(Nicotiana tabacum) GTG-atpBZ A4 (f1gy T4 %

0.12 - v

0.08

P515/V

0.04

1 t1/2 L
T T

0 50 100 150 200 250 300
Time (ms)

B2 WEME I SRATPA BRI 15 31

U IF B AR 5 785635 9500 pmol-m2-s~ 3% 1L (635 nm)
TIEE10204h, FBOEIER AR E 11CO, (380 pmol-mol™).
1 (60% RS B ) AR, £ (23°C). KT B IS 250 msKIP515
FEREN J1%, EE 10075 BCF(E . ATPABERI R T4 5%
SNP5ASTENR A1) 725 1 2% 2 5 W (ta,) (0 1%, BO4.3-s7'. i3k
TR IR

Figure 2 Detection the H* conductivity of chloroplast ATP
synthase in Arabidopsis thaliana

The detached leaf of Arabidopsis thaliana was exposed to
light (635 nm, 500 pymol-m=-s™") for 10 min, and provided
stable CO, (380 umol-mol™), humidity (60% atmospheric
humidity) and temperature (23°C) during illumination. De-
tected the P515 decay kinetics curve in darkness that lasted
250 ms, the curve corresponded to 100 independent biolog-
ical replicates. The H* conductivity of ATP synthase was
94.3-s™", which is the reciprocal of the half-time (ti2) of P515
decay kinetics curve. The arrow indicated light off.
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FAE25%, HRAZBERIRFEGRE ). 2l T 1%
33 33 R AIPT00" FE J5 RE 7718 5 3 P K (Rott et al.,
2011). P515 542 % . PT00SALIE IR 5)) 712411
g AAEME . EK(Zea mays). LT A&
(Pisum sativum)& 2R AR ATP & g 58 A48 44 1) 32 1Y i
e AN T RERT 7T 77 10 A4% T 2 4F Hl (Rott et al., 2011;
Zoschke et al., 2012; Fristedt et al., 2015; Sukhov
et al., 2016; Zhang et al., 2016).

3.3 P515{55 AM RN B F iR & IAEN 1R
R AR SZH

Tty S5 FE ) 0 LR B S8 A A 2k 2 (LEF) A1 3 50
(CEF) 2FHi-74Ei8i& 4%, I3 i P& e & 1E H
[ T RE 4% B BT 78 #4 5 (Joliot and Joliot, 2002;
Wang et al.,, 2006; Lucker and Kramer, 2013;
Takahashi et al., 2013; Alric, 2014). H FitsCEF
(5 F 77 722 ¥ PSS & v P40 il 5 (in ADCMU A
HA), JEidP700" ) i id J5d % i SR 2 i 7% 3
Ko R EIR) H DIRKH A ATl & 3@ i ATP & B 1
JR R O R, T 1208 e S T O DK B 1) Ji i PSR
PSIIf & T2 3454 % (Joliot and Joliot, 2002).
Ik, HPSIDEA S MGG, BT ATPA B R 74+
RS T HZPSIMH A FAAmE R, DA
KW, KWK EPSIE &GS, P5155
P700 % At 14 J5 3l /7 2 Ao il 21 (1) [ S PSR A 2 HL 1
1% 33 7 R B 287 ¢ & (Lucker and Kramer, 2013;
Alric, 2014).

Alric (2014)HF 78 & B, Z£DCMUFIHALL# Ji5 3§
DA R B A R PSIZET0 msif AL 714N T, etk
MR N14-sT (1/70x107° s), BIFR L TAL i
H14 e7-sT-PSIT. IAh, PGREFALAMIHR 2 T4
I TH AR 5 W A RUAH AR A A R, U B SR B AR i
NDA2 (type Il NADPH dehydrogenase)/r 5K =
L I8 3% P RE AR T B T B AR PGRE# B, 1X 53K
AT S 06 &5 S — B (1R3) . H 24 35 1 4K 75k BT A A
PGR5ZRATE KA H I A\DCMUXt# J5, PGR
WA IR AT RE R OE, B AR S A T
BRI K, 5566 e sT-PSIT (15 msftif1
ANHLF), T PGRS R AR 4 1) B 3 L 4% 36 8 A AR Ak
AN K (Tolleter et al., 2011; Alric, 2014).

MY B E RS, PR AR I 3 A

FH T R 2 8 A TP ik 45 O % s & /E FH i dltis
1T (Kramer et al., 2004; Nandha et al., 2007). 4,
32 B P8 H.CO, R 3Z fLI, NDH (NAD
(P)H dehydrogenase) /i3 134 3 Fo 4% 328 2 il TR
BoE, MRS RO & R EATP (Wang et
al., 2006). HTATPENADPH 7= A il #E 5 % A
K, WEHEHSRPSIKHA X L@ FHATPS
NADPHH] Lt {E (Kramer and Evans, 2011). 0, &
IR BETOH U 261, SEBIA T m] AR dd a1 KA
T 33 T SR AL X ATP/NADPH il (1 7 >R (Lucker
and Kramer, 2013). 1% J5 ¥ H Bk 25 2 FE i 43 DCMU
SEFNHI AL FL S, 2 R4 i N A IS SRR A B
ARUPRES, XL 3 ] e 2 #uE CEF 1= LS, it
T 52 Wi C E FAG I 1 ¥ B 1% (Lucker and Kramer,
2013). (EAMEHPSIHMHIFRI%&E T, AR Hoy 5

0~

- — WT

7] —— Mutant

a

[72]

c

o

8 -05-
Cl

E
&
_10 T T 1
100 200 300

Time (ms)

B3 03 A T Se PSR A 20 H A% i R

3 B A M B A A (WT) A1 PGRS 28 4% {& (Mutant) 72 56 58 9
80 pmol-m=2-s™ HIIE L )6 (635 nm) T HR 654044, 56 5 il
B SPSIFIIR N PR, RS FF 420 725250 ms. il
BT, SRR 225 pg-mL) A0 pmol-L™' =4k —
iR (DCMU). 1 mmol-L™" 5 & (HA)FI 20% 19 5 e, s 38 B 20
IrEh. i SkFRARTE .

Figure 3 Detection the cyclic electron flow rate around pho-
tosystem | in Chlamydomonas reinhardtii

The C. reinhardtii cells (WT) and PGR5 mutant (Mutant) were
exposed to light (635 nm, 80 umol'm2s™) for 5 min. The
cyclic electron flow rate was detected after the light was
turned off and the darkness duration was 250 ms. Before
measurement, algal cells (about 25 ug-mL™") were incubated
with 10 pmol-L™" 3-(3,4-dichlorophenyl)-1,1-dimethylurea
(DCMU), 1 mmol-L™" hydroxylamine (HA) and 20% ficoll for
20 min in darkness. The arrow indicated light off.
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2 2 P A 0 T R ) B AR Al B3 2 F T A A% 3
b N S W S R S I BB U Rl S S R
PSIFDEtb & 77 &, 8 T &ROGESH .
ZIT IR R AN SRR i IR (2R BUIRZS (Sac-
ksteder and Kramer, 2000; Joliot and Joliot, 2002;
Baker et al., 2007; Lucker and Kramer, 2013).

3.4 PSISESHHRRFENERBEHHRME
PARZHF

P5157 8 & 18 5)) /) 5 LU S A%, BE S R )5t 1))
JIBHERL, BB AR R ER . 53 1%
(proton motive force, pmf)3KzhATP & i = £ ATP,
1M pmf ) H 5 ——ApH 2= 75 S OG R HLI, K 56l 11
Jere LR RTE AERL, PRI PS4 32064547 (Niyogi
et al., 1998; de Bianchi et al., 2010; Checchetto et
al., 2013, 2016), i n]idE Lt KB F7ECythef E 541
A 38 T A, {R 47 PSI 4 %2 )6 il (Sonoike, 2011;
Yamori et al., 2011). 55 HL 5 (AW) 0] 7 55 PSI 1)
et BRI, EACE AW FEINPQIT)
S 3% (Duan et al., 2016). 1 InPSIIH G U 1
(Davis et al., 2016), i&FEPSIIS 37 H 0 & A B far
HA, AT ThE, il RO E s
(Bennoun, 1994). FATHIHT 45 R BoR, HEGITLE
100 pmol-m s~ IR, pmfly1.3, ApHZ] (556%,
T 249 3RIA 750 pmol-m~2-s™ i, pmfii%7.2, ApH
Fr 5 LL 514 2268%, AW/ %32% (&14), 1] ApH
A REAE G R AP Hh R S DG BE A

FIRAPHAAWTE 5T 50 /3 55 A1 1 73 FCATL 1l 38 A
HE, HEZME FEEREEEAZ 5T AU
g3 1 20 S, HE T 52 W % & &L 3 (Checchetto et al.,
2013, 2016; Davis et al., 2017; Spetea et al.,
2017). flhn, XUFLK i iE & A TPK3Hk 2k 10l g 7+ 5%
A, BT K AMESZ S S ApH I & 32 81, (R
NPQif G 3% [£ 1K (Carraretto et al., 2013); CITiHiE
H H AtBestik 2k 2 5 B B T pmf A AWK V- 2 2 Tt
Bt I CI 1) 22 i N 1) e 38 W AW, AT A 42
pmfiJ4-fic (Duan et al., 2016).

3.5 PS15ESHHBRERIAERTNE AT RLR
PR ER &

TR WA AE 2 Mg EFEHOILE, i SR 3R K
FFAFEHEL . X LE B 2 FE BN T R 38 2 R P I 1R

FREHE: P55 IR EH ., JEfMN A 599

12 4

Al/1x10°

0 100 200 300
Time (s)

B4 Ur I T30 034 (pmf) 2 H 4R 73 (AW FI ApH) 1
LRI IF B AR I B E 639100 pmol-m™2s™ (WT 100, )#0
750 umol-m™2-s™ (WT 750, Z5)KINE4L6(635 nm) T 634>
B, TROG MR R 52 (1CO2 (380 umol-mol™). 17/ (60% K
AR )FNELE (23°C).  BREETEI60F>, i 3R E & 1)
fH. DEHT, BRETFF RSN 23N ) R Sk R ORTE
WEITHF, 1A T Fi kR Tm A e i

Figure 4 Detection the proton motive force (pmf) and its
two components (Ay and ApH) in Arabidopsis thaliana

The detached leaf of Arabidopsis thaliana was exposed to
light (635 nm, 100 pmol-m='s™", labeled as WT 100, black
and 750 pmol-m=-s™", labeled as WT 750, red) for 3 min, and
provided stable CO, (380 pmol-mol™"), humidity (60% at-
mospheric humidity) and temperature (23°C) during illumi-
nation. The dark time was 60 s and the curve corresponded
to 3 independent biological replicates. The Arabidopsis leaf
was darkly adapted for at least 3 hours before measurement.
The up arrow indicated light on, and the down arrow indi-
cated light off.

LR 3% (TR 45, 2004), [R5 KI5 44 B i 1E
IEH e i & N IP515(5 5 5 4t R %k,
AT A4S 3 S AERR 1) [F) 25 AR A, AR T o b % R
EFEROILE] Z PR R, WAFFEHRP L. 3K
AR RS ER MY, HoigEdot
(1 500 pmol-m™-s™") Kb HH 3K B A B, £ S BOKIBS
B RN ALK, e E T 8RR, MEEE
AEMIRBORBEE R A, e PR
T MRFEAREE AW # B R FE AR FE s, AT 2558
IRTE R AW IR A, I d rpmf, 55 0k [E S AR
b2 K (NPQ) (Demmig-Adams et al., 2012), {E3€
BT, NPQIKH T —F 3 45 & A -uiligki
H(LHCSR), & A A pHBUZME: . LHCSR1) Chif 45
P 3 T e AR SR PR T I, [t A5 S AR s 1) AN W 1R
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fk, NPQUEHGE, MTIFEBGERIBOR A, B ESHRRE, BARFEEMEK, WENTRES
P HU#(Liguori et al., 2013). B MRIEMOLHEFAIE  HIENREIE S, S HECEN 55 E 4.

e, PRI P340 BT W, pmifik 514

KA. EUIEXEH G, KBEpHHR0RTEe 36 PSISESHRRE

ATP & EbH R R I, BRI FE A G, NPQ  PSASRIEINH AR, ERMRHT P55 (5 B 43 %
B R E BATAKCT, EINPSISESJRAE TR B LRI R, R bR SR 5
FRATA, RIEAWIRE BRAELL, TR ERI™ 5515 nmikilEk, NiHERE S ES
P AWKE 2 K9 B (Fr) (B15). HT-P515 (Kramer and Mathis, 1980). =% He 4 A 43 5 76 8
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BE5 5 I3E p ACHEPS 1545 5 R 4 2 9 ok

i SE B ACHE R AL B (R L4930 pg-mL T )RS IE RI2040 5k, TR 5, 435147 FFP515/535 LS 4 o AR HL Tl B
W EHIIR 67 B (Fo)o T IFHIANIAJE(635 nm, 6000 pmol-m™2-s™", FFELIT[E]250 ms), Jl5E BRERE F KB AV B (Fn)e 2
JE AT IR (635 nm, 1500 pmol-m™-s™"), FFEERE140%D, WIIAAEREGORD AN ARG, I M T SR 567 (') W54k
KA 3 73 34 (pmf) S L4 23 (AW RIAPH), 5 I [e] B B B 6 OFDE i 1 R RIIA S, A SR MR A& R 2 e = | R R
B KRB (Fm)o For MIHETO B, Fm: KT8, Fo't e FIRKFIL R, Fo BATOLE,; Actinic light: i&1Lk;
Saturating pulse: HRIAJG; pmfi Bi-73) /i3 AW: BSIE LS, ApH: 51557140 &

Figure 5 Simultaneous measurement of the P515 signal and fluorescence in Chlamydomonas reinhardtii

The C. reinhardtii cells (WT, about 30 ug-mL™") were placed in the chamber of the chlorophyll fluorometer after dark adaptation
for 20 minutes. The measuring lights of the P515/535 module and the chlorophyll fluorescence module were turned on respec-
tively to determine the original fluorescence yield (F,). Then a saturating pulse (635 nm, 6000 umol-m2-s™", duration 250 ms)
was turned on to detect the maximal fluorescence yield (F) in darkness. Then an actinic light (635 nm, 1500 ymol-m=2-s™") was
turned on for 140 seconds, during which a saturating flash was applied every 60 seconds to detect the maximum fluorescence
yield (Fn') under light. The proton motive force (pmf) and its components (AW and ApH) were measured after the actinic light
was turned off, meanwhile a saturating pulse was applied every 60 seconds to check whether the fluorescence yield was re-
stored to the maximum fluorescence yield (Fn) in darkness. Fo: Original fluorescence yield; Frn,: Maximal fluorescence yield; Fn,":
Maximal fluorescence yield under light; Fs: Steady state fluorescence yield; pmf: Proton motive force; AY¥: Transmembrane
potential; ApH: Transmembrane proton gradient
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The Measurement Principles, Methods and Applications of P515
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Abstract The spectral techniques have been widely used in the field of photosynthesis research, such as the light ab-
sorption signals P515 and P700 redox kinetics, and chlorophyll fluorescence, which can detect the photosynthetic activi-
ties of plants quickly and accurately. P515 signal is widely present in higher plants and algae, which is caused by the shift
of absorption spectrum of pigments on thylakoid membrane. We can detect the ratio of PSI to PSII reaction center, the
proton conductivity of chloroplast ATP synthase, the cyclic electron flow rate around PSI, the proton motive force (pmf)
and its components by the P515 fast and slow kinetics, and study the photoprotective mechanism by simultaneous de-
tection of P515 signal and chlorophyll fluorescence. In this paper, we summarize the main measurement methods of
P515, expound its principles, and the applications. The aim is to provide technical supports for further study on the
mechanism of photosynthesis.
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