#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 229201

HiA
RIENEFRMERAREXLEGIERAR AR
XERSMA
4 3 02

1) (HARILRZER, I 980-8578)
2) (R BT AARefb &, IR 28 02139)
(2024 4E 8 H 2 Hig#; 2024 4£ 9 A 8 HUREMERH)

TEAEY R, JEa 0 i RO FL 38 AR A DY T (0 38 3 1 A 1A rp BT A 57 19 KA DI R 45 5 R4 9 e
RPN X R H R A RS 5 D RE B A RO AR IS o B 25 1), XN O A AR TS A AE
T 5 22 R s ELAT 8 RS BEAE VR VR P T S B R DR e i R AT S R R B A A 1 LA AT YR R
bzt Oily) BT R T BB B R EANOR, LR E AT A 2 35 419 I . %07 ik i i AR
RPN 22 R (R 1 2 AR, R IR UG AS U ROt i) 1 B~ 526 O sl 4 R ot ) S48 0, i BRI T
KA b @R AR uphill BE RS, AT $2 i 20 i IR ¥ ot 2 B OB A BUSUR R AE B A 8 1 Y 465
Fy 75 SO RE BT T3 TR 38 il WAL AN E Bk 52 2% 09 D' o0 7 20 ML AR PN £ 23 i) oA B 2 T AT REE.
U, A B AR R M e i 1 A BOULRUBE T 23 (5 3R SR 45 H - D RE A E 5 s, o T & VR TR 544
F B A R HAT HE R R S AR SO Tl 45 AR DG BOR P DT TRV AS T Ve OB T BB R TE A S0k
A E R E B S BOR AR, K AR O REALZ SRR S E A RSN Sk, 51k

HRRE B R A SRAE, 76 0 LA A T ARG 3 Y

Lot iR

KR LB, LR, RER IR, WO BB, BT

PACS: 92.20.ch, 87.64.M-, 87.80.Nj
CSTR: 32037.14.aps.73.20241072

1 3

HeEAE ROV S sk - E 2 H s s R,
HABMAER AR EM PN E REREARE
HR-JEFE S 1T (photosystem 11, PSIT) FIYE RS 1
(photosystem I, PSI) fr8ksl. PiEREGEH 3haE
WO T AN I G R . MR R R
AR, S T AERC R GERIEUR T, SE RS
SANOEG B SRR N EE ) & RIS i
AR B DGR B Y D RE S Bt G IR T
HCEE 0 S o 0019 # S5 A 28 Ak ih 2

|

1 E-mail: zhang.xianjun.p8@alumni.tohoku.ac.jp
© 2024 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.73.20241072

B2 HE I (energy landscape) BiS A, 7F
ZIe T, B RS R AT 2 R I 1Y) e
2RI G T2, BRSO N A6 19 i
FAapR RO, R It 2R AR R B AR YB3 T 5
R AR A BB sl i, 12 BRI T
ARG B S ). AR ARMERAE AN A 2k iy
EARA. GRT, EABEIRH M EZR,
PRI I V2 T B3 —F DT R R i 3 oo B ek 7 2 11 o i
b A RS R A A R A P FE AR
HEAE S, AR TERIE R A R sh s, 4
R 251, B AR DR )y kK 155 &
AR ] [11-18.15.23-34],

http://wulixb.iphy.ac.cn

229201-1


http://doi.org/10.7498/aps.73.20241072
https://cstr.cn/32037.14.aps.73.20241072
mailto:zhang.xianjun.p8@alumni.tohoku.ac.jp
mailto:zhang.xianjun.p8@alumni.tohoku.ac.jp
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 22 (2024) 229201

—77 1, %% PSIT Al PSI i & AR i T8
PRI, Blanek . se s AT LS it
B F 2 B 45 (20695551 Hy Bl /D BE AR FOW 25
[) PN BB IX A3 P YC R GE R 52, BRIl ST 48598 31X
SO AR RN, VR RO e ELA W s S
PEREE, ARG IR IE FRS B [X 43 PSIL Al PSIPY,
il A5 7E BN A1 NPT RRAK G A6 FR G 1 2 (8] 43 AR
B AT RE P20, G4, ZROEE T B SR ot B
MBEREE AT R T 24506 S VE T RENE.
AR R AR TR E FRREE
YERR &R, i ARy TR TGS FBGREDLS
P R R HESE, ZHEAL ] H T IRFOC R G AE
KA R 2R N AL PO,

AR SR TR A HAE R v RO 8 S B 1 7
BAEHSR A & R SR, 5 2 TTRIA T aRE
FE A RAIZEM LR, 265 3 Tikgnfiid T %ot
B RE E SE AR, DR o
B B ARG 5 A T OSSR
TS AT B9 F; 56 6 5 IR T Xz AuaR ) e 4
328

2 BEEAREAK

21 BESFHEN

HEEMN R RBOC AR E R T AR
S FIRRIDEARAE 1 55T RIRE AL ) 2R EE 62
2k a (chlorophyll a, Chl-a), 4% b (chloro-
phyll b, Chl-b) FI 4fl g ' £ & (bacteriochlorop-
hyll a, BChla) 2 A 2E Wi ah it (. = 4
. Chl-a W53 F45H B —A %45 T8 i A obk
K P i S A S PR BE T A (K 1(a)
72)163. Chl-b #1 BChla i 7 T 254925l F Chl-a,
ANFEZAETET BT ANKIA | R, F1 Ry B REHIN
225, Chl-a #l Chl-b 73T EZAFTE T 5 S AE Y AN
FAZ AN T, Tl BChla 3 7775 TG4 240
(K 1(a) £7). Chl-a IERAERZ) 430 nm (Soret )
1 665 nm (Q, 1) kA s A W W g, T Chil-b
TE X PR AN U B 1 W i 3 F% 22 460 nm Al 645 nm
(K1 1(b))3]. g4k, 7€ Chl-a F1 Chl-b i) Q, Wy
)RR F AN i % L 8 3] — i B AR R R S0, &
{IFRN Q, 16264, BChla 1 Soret 47 T 360 nm,
M Q, 1 Q, Walseir 73 T 580 nm 1 772 nml626,
FER T TAEWRIOETE 25 5 320 T Ih kR

I AR RS, S REENAR S T2
AT SRR 2EEA S N 3 (carotenoid, Car). H
FHAM R 2 Ffir (< 10 ps)09 %A 72
M —ANHFE BB RV IR, V25 R T
JtReR AL th ] BE R B E AR 7.

2.2 R I FIHEHERM

W 2(a) Fis, Sea 1R RN i 248 A i v
PR R E A SRR GERTIRE, TA1505)
FRAIEFR S T (PSID) ADERSE T (PSS #%6#
K Ja 1 PSIL a] 43l /K I AR BOR 7, HL T4 — &R 5
feia v B AAZ i 28 PST I FH L T 0 ok e i W vy
THEHRBER (nicotinamide adenine dinucleotide
phosphate, NADPH), B4t II. NADPH & CO,
fi] 2 S g T s B B . ] 2(b)—(e) s T
HPHOCRGER 5745 . HIZE el AL, GRS
FH A% 0o 2R USROG R U iB . R 1A
2547 Chl-a fil Chl-b, (AR AL A Chl-a,
I, R AT PRE M S O e 1Y Chl-b R 2k
A A% O RS H G g3, 3R R T L A
ST I3 (K] 2(d), (e)). PSII F1 PSI A5
HLL Tl 8T IO EEE | 680 nm H1 700 nm
AR, W AR P680 Fi P700.

1R A6 A VR TSRS T PRI AS 6 R GE Y 3
BV, SR, B SRZE AL EPIASE R
258 T I o5 4ok B2 VA R DRV . Ay 17 I o P 45 ) 3
31, S FR GE AT 3E I i A 4R DGR Rk
WTTIEIK. BINTEAR B AR Chlamydomonas
reinhardtii 11, >4 PSII 3 FEVOE I, PSI 4456
T2 B DR EB KT, 3 KB RR A
REFEH (state transition, ST) HHE & FFEHLH.
AP A H B H T0F5E ST ML, 2 K AHX T
YA, AL 2 53] ST ML A6
K H LHCs (light-harvesting complexes) [
Kom o % B2 B9 A 4 PSI-LHCI-LHCII /4 5%
T K AR UESE ST AL HIAFAE /Y — A S Uk 4 ©)
(1 2(5)). i, OWNREE T /9 ST AL i i 2 vk
itk BB R G SE (B0 5.2 7).

2.3 HEEREFIFHPHOIMHEE

Kl 3(a) s T IIARIEE AN Thermosynecho-
coccus (T.) elongatus ) PST = SRR Al #4 0]
etEH T PST AR S 4 25 96 Chl-a 44F (F

229201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 22 (2024)

229201

=
RO O OCH3

Bacteriochlorophyll a (Bchla)

1.0

0.8

0.6

0.4F

Absorpbance/arb. units

0.2

0

Chl a (1)

350 450 550

650 750 850

A/nm

K1 (a) RIS F451; (b) R MELS OG0

Fig. 1. (a) Molecular structures of pigments; (b) steady-state absorption spectra of individual pigment solution!%.
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Fig. 2. (a) Electron flow of photosynthesis®, LHC (light-harvesting complex), PQ (plastoquinone), PC (plastocyanin). (b), (c)
Structures of PSII-LHCII (PDB code: 6 YP7) and PSI-LHCI (PDB code: 4 XK8) in the high plant. Core protein and light-harvest-
ing protein were shown as yellow and blue-green, respectively. Chl-as and Chl-bs were indicated as green and purple, respectively.
The red lines with arrows were the imaginary energy transfer pathway. (d), (e) Molecular structure of the reaction center of two
PSs. (f) The Cryo-EM structures of PSII-LHCII (PDB code: 6 KAF) and PSI-LHCI (PDB code: 6 JO6) of Chlamydomonas cell.
The PSI-LHCI-LHCII (PDB code: TDZ7) supercomplex was easily formed upon state transition.
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Fig. 3. (a) An X-ray crystal structure (PDB code: 1 JB0) of trimetric PSI isolated from a T. elongatus, the Chl-a was indicated in
green, the reaction center was indicated in purple, the initial predicted red Chls candidates were depicted in red and marked by el-
lipses, they were renamed as Red Chls_1-3; (b) Lowl and Low2 were the possible Red Chls which were predicted by Kato et al.l*2.
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Fig. 4. (a) Schematic of the confocal fluorescence microscope; (b) some home-built optical systems of cryogenic microscopes!®!, the

green background represents the refrigerant, and the space filled with diagonal lines represents the vacuum environment; (c) a cryo-

genic microscope equipped with a commercial cryostat, the sample is fixed in a vacuum environment, and a flowing cryogen (ar-

rowed line) is connected to the sample holder through a material with good thermal conductivity.
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il AR AR RF P LA SE PR 1. Yamanaka
S 102 P b T — AR B AT, RS A
Z ARSI, KGR BT AR AR
PO H. DL 3 Oy iR e AR S ROt 2
() 5 A B s Ab B DR LR R RE 4 T K 2%
JZ. TKZE 2 T R SR S 7 i b e AR
K ICTEAR A CIE RS R i, BSOS ik
i

3.3 NRIEHESIRERSINEE

O EIE R RIEA DS, AR 71
HLT RS, S E T R MOL R R, oL Y
SR AT AT o T AR BE (3R 1). HET,
BERBIRBOLRE WA E 28, o=l i
SR it AT DX 25 Xm0 4300 3 B Bt < 1 e
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R OGS SRR L ILIIRE, FFRAAT S BR O SRR SR H ;. =M SR E SeBUA MR AT

FAEHTTE I H

Table 1. Type of spectral source used in the optical microscope, the circular and cross symbols represent completed and

uncompleted projects, respectively; the triangle symbol represents projects that have been realized but have not yet been

used in photosynthesis research.
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AHXET Chl By A AP, Car (AR
Sy RN e T S B i oK, R 3e
JUPA KD, Car WL 2 BUE 5 Re s A,
FE T SRR 1 A3 AR S A Ok X 4 ELAR Y 4
TR, (SRS S o BRI (110, A SRR ) SE 5
. Car Y F A 25548 Chl i A R2OUFES
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Qe o5 IR NE SR N - S =R NIUE =S 73T
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e 2O AR, TEPEAT WO R, Stk
AR f I 52 3 €0 SR E IR, ORI R R 2
JO7 S5 PR ZR AR, S0 A B IR T A (A i P 1Y
2 [0 S USSR A FNA S R A
AR TE BIUH AR 8O, T B AU T S BCE TR R
AR B0 T Wy A2 . T 3 D63 A0 5 7 iy W) 32 22
32 Chl B FE WSO B2, JEHR X TR X
S 7 GG AR X R ORI R S ROCRAR B
%, B AT o RO R R R A AR 7 2
S ZRITLLAMIBEL, FEIIR HLIX S8 5 [N 2R AR AR
5. A ESERIRY 3 AN RAE RANIAY i S Bt 5k
Lo Sp Wi LR TS

3.4 BRI FE
341 T#HESATE

FO TIPS S i 9Ot L
1, BEIS AL T HOE 114K (time-correlated single
photon counting, TCSPC) W77k BN E (W, 4.3.4
). FEHRSEO G BRI A A, 8 T B A
HFHATEUE S, ARG 09 BL O B 5 A
(PR RPN LK), T B AT DOt 2
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POCTFA AL SR, BT 51 1R MR LRI
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giit. ey kb, BE 8 B E] )R (R
ISR ), SR J5 % 2% A I 18] 1] B P ) BT A 61 A T4
G, WIS B 22Ot emuth 4. Wik, N2
AYECTENR N 26 T REAE ARG 25 A A i
J7SCABLER LA 5 B A8 46 25 43 71 (change points
analysis) FJ PR 155 — B i 75 B00E b 1 A8 4 a5
(K1 5), "B RS m RO A A FIRS R B2 i (19, 7
8 13 2 BT T FHF 50 BT s T 0 v A 22
ol e A 38 ) i BE R A 9 A2 . ok SR B —
B E, — B e B B iy or RS e
S5 T AR T R B T O B Ok g
GRS T S I B ) L SIRFAE.

(a) 2 ms bins

IP’"

o

(b) 10 ms bins
100 |

(c) 20 ms bins

150 |
100 |
50

1(d) This work (scaled to 10-ms bin)

100

At A,

100 [(e) “True” trajectory (scaled to 10-ms bin)

gr (iR Rene

1 2 3 4
Time/s

%)
(=)

Photon counts Photon counts Photon counts Photon counts Photon counts

I

o
(=)

Bl 5 AR S AT L 0 (a)—(c) fiff HIAS [ B[R] [R) B
JRR Y B2 B R k() o P A 8RBT TR B B
(e) LAY B2 B0 R I HiE , B BAT 5 A WA AR
=, AT T (a)—(d) BB
Fig. 5. Change-point analysis of single-parameter!"': (a)—(c)
Time-course single parameter trace with different intervals;
(d) time-course single parameter trace used change-point
analysis; (e) the simulated time-course single parameter
trace with five states, this data was used for the simula-

tions of panels (a)—(d).

H AT, V208 F R PR B C i 07
EHHT, £4E LH2 (light harvesting complex 2)[120],
LHCII (light-harvesting complex IT)I07121 F1 APC

(allophycocyanin) 2. 534, %77 % F T 3R AE W)
TG FIROSS A S T, 3008 T BI AR & 45 A L2
T3, i LHCSR1 (light-harvesting complex
stress-related 1). LHCSR1 J& — F 75 i 1 48 7h 2k
HERNEREANST, EEIDER2AEK (nonpho-
tochemical quenching, NPQ) ALl H 473 15 = £ (1)
i€ 123124 NPQ Je— ik 6ot & R 1) 52 Bt B i
RHPDEBAP P, B 2 e i DU BB AFE L
F UL HHr, BT T NPQ 953 F ML i A 38 B

LR (BB B A M2 2L T 4 PR A R T f
Je: pH A P20 A Car BYBEIRAAFH] 127128, 2017 4F,
Kondo % 107 F 376 Bkl 1T 7eA pH
{E A Car 1 B30 % HF & BRI Y LHCSRIL
AT AR B AT R, IR BE S FE A e I WL
W s B0 2 /D PR A AR iR B A A
AR B /6 A i, BRI SRS, X
SeRH A& T LHOSR1 & 1715 pH {H Al Car 1
I3 ¥ A AL i BE A OCR RE R TR K, JF HAIEW] T
LHCSR1 H 5 Be 738 i 2548 1) 28 A ke 45 74 2K
FREE, AT S5 R NPQ AL By g Bt T

— AR I E, — BRI RS
AL AR R A 2O R T A
3.4.2 RASHE

PRI IR A2 K BMH (K-means)

REHEWRA KA (Gaussian mixture model,
GMM) . Fii# 1 o F0 0, SR 05 i ik WG
PRES T 005 BRI A E, PR R o2
AME—— A RIREIRIETT 1% Wi e — R RS
Jiik, 75 GMM RRikrh, e 8daskiisor A T
H 22705tk ve ST 1A S B B AR 28 ek g, >
Y e S R BRGNS | T0R B HE AR 235 ek KNy

(ol

k
=Y { ;@ui)TZij(gm}.
1)
b, CREAMAD R &, o KRS
SR LB, W S = 15 I
SAREY I 2. @ GMM L4 Pl g, 5k
B AR R BT A B L R BRSO A
HITIIHER. ToIR R T WR—Fp R E 1k, #mT LA
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{& (singular value, SV). SVD i &— 5 ik
SR BBUERE, A IERIREERA WS M
FEFE AR GRS A SVD 35 I Zett 24 &%
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T SRR Y. m, il o ME SVD i 59
FRPE G A] 1Y) 22 SR8 IE DB ERE (8s).
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-
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e
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e
i

o
o
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o
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(b) #FRESV B FEE (n) Wavelength/nm
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§ g | Het. 2 b 400 100 [ Het. 97 b 1000 [ Veg197h
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524 500 /AN 40 il 2001 S
=25 r Fo Nl % 100F r 20 L 200 F .
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(a) #F S (B AR B 0 Al O 7 TR, MO — 0 T R B IE I BUR AR, UJRCE SVD 3 B9 IESSAEFE, WA 30 70 5l il B 5

S SV, B R B N — 5 TR B TR SE PR T o, — B 5 I 1 8 R B BB BT (b)—(d) — 3 el S (1R 9 20 2 A 4

20 6 D B - 00

Fig. 6. (a) Schematic form of SVD analysis of many spectra, M is a dataset with a large number of spectra, U is the orthogonal

matrix with SVD spectra, W and X are the diagonal matrix with singular value SV, and an transpose matrix, respectively; in

130]

practical analysis, the larger value in front is generally selected; (b)—(d) an example of SVD analysis in single-cell spectroscopy!'’..
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BT ESIC L. AT 1ok A IR A0 1625
SRR, AT EATHRK SVs 19 5 4 SVD %
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T (R RO 5 B AR A AT T 3 B AR O 4 7R R A
HE bt B b g A BOIRE (1 6(d)). 734, 7ok
(S a2 1) C 2l NI F S o N 1 )05 9 it
A A2 ek v B0 R RSO AR I 101, i, 2
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T ZE AT ORI B MU BN T O AT . B
¥, U OGS AR B A R B R T X R A
RO TR A0 75 5k 130132 ZE S SV RS,
— AR R IR 2] T RN E E B
PR M A, RIS T B 7%
BOR FAE 25 1y As b i S ] 231, J5 22 K Y By

(a)
HFS+PVA
/V

o

\IJ/BE(% %

(b) \
K
el

2k

F LIRS N BRI, XSS UE, AR
A8 2548 S JoT P 5 R S O 1 N B B S o 1k 4%
FH G 1729),

TESF OGS Sc g b, A B 4R BE I8 T
ViR B ZEALT 10 pmol /L. YRI5 5> T-FE Ak
FITIE SR (— M A sediat ) Bs, i
IR A I TUBE 2R 0 RE S BN 2 30T ' 24 AT S A PR
KNI SE AT M e 8. B AT, FEWRAERS
TR A IR, 55 1 MRl IR R S
REWAHIR G, SR 5 Puad e v 1 7 ok il &
(K 7(a)). PVA (Poly (vinyl alcohol)) Al % f#
W, o RS R U AR T B T Y I T
FEIOATTLT208 FEJETR I, AR STE I — 2R 2 L
AR A IR 1331, 53 55003 AU i e o PR 4
T, PRI, B Ok BRI 2 AR T Ak 1 T
PR HCERVE R 50 L IR DRSO A, 2 H AT w0
FITIE. SR, PVA I ARG Y-8 H BiAH B
VRT3 B 25 A — 2 I 52, TERR OGSy
MERFZR R BOZ T 1 (S0 4.2 75). 5 2 Fhifil 45
WEERZEE (K 70). 7% E T, i f—:
Y7 oy 7 PSR IR AE S bR b (Bl AL AL B ), 4 4n
PLL (poly-L-lysine ), BSA (bovine serum albumin),
PEG (polyethylene glycol), %A% &R T H1EH
Paor 53R R AERE RS G SRS AR B AR
TR b, A Iz gAY 2 TRl s R B Bl
HoAth 53 A5 FH o2 2 <ghy 7 1 24134155] - At — 2677

<111m| B

BT (a) BETR A 0 R IR, 38532005 12 i w09 I A R /N T 1 m; (b) U2 TR 00 R AT, R vl T ) 9k T 4 R AT
PLL (Poly-L-lysine), BSA (bovine serum albumin) 1 PEG (polyethylene glycol)

Fig. 7. (a) Processes of the spin-coat method preparation, by which the thickness of the film prepared is less than 1 pm; (b) the

coating treatment method. The commonly used surface passivants include PLL (Poly-L-lysine), BSA (bovine serum albumin), and

PEG (polyethylene glycol).
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Fig. 8. (a) Traditional excitation spectral microscope, acquisition of excitation spectra is completed by performing a wavelength

scan; (b) a high-speed excitation spectral microscopel®, this system enables the rapid acquisition of excitation spectra without

wavelength-scan; (c¢) the recorded spectrum of the line laser, this spectrum is necessary for the calibration of the excitation spec-

trum.
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R
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A H, IRF (instrument response function) f&3&1%
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BB SR . TR 531 I RO o, X
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MU SO T A G A DI REMIRES. 52
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RSP E ARS8 12 55 =, A 2D-
FLCS [ ] 43 B B TG s i % | 1
AT HEA LA JLTH2ZF), FtnT it
B E] 73 B3 2 AP RS s 5504, AT SRAE W] B e A= 7
ZAIF ] RE L1 2 A8 #2. 2D-FLCS fed)
JE&:H Ishii Al Taharal'43144 JFEF 5 A 615 1) B
BEAE 2013 4R T T &, FEAATT B BBt UAS bl
WU kA Bk 1 77 2N E S AR DO M R A
EERS AR 045 2019 4F, Kondo 45 (15 1 YA
FZ oL & A, e AT T7E NPQ
filh & 25 0F (i pH ) F LHCs M4 T8 Msh 45
SEA . A ATTAE B LHCs HOulim 2 w54~ B 8 18
A DR (RREE KA FIEIES (KSR /4
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b7 12 B o 0 e E R o (W3 711 2 B e [T
ZJ 2 nm ¥ 94~ BChla #1453 F B /NF 2 nm
18 > BChla #4 i (1 9(a)). I IBAH Al 4 (5 2%
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e 5w 45 4 B800 A1 B850 (&1 9(b)).

7E 1.5 KR T, 78 LH2 (550 T3 K 61k
HATAE 800 nm PRI R 4—5 MRAETEL; 1
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Fig. 9. (a) Arrangement of pigments of LH2 complex?”; (b) the fluorescence excitation spectrum of LH2 bulk sample and a 1.5 K

single-molecule excitation spectrum®; (c) the schematic of the B850 excitons with lower energy levels, the left and right sides rep-

resent the energy distribution of the part B850 excitons in the presence and absence of ninefold rotation symmetry; (d) the single-

molecule spectra of the LH2 complex are taken at 1.5 K, the grey and black spectra may correspond to two orthogonal polarized

excitations shown in panel (c)[ﬂ],
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KA T PRSI IEASHE R (B 9(d)). LH2
B850 ) WL (] BE AT 2 B R A0 A I BE G 43
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itk (single-molecule excitation-emission spec-

troscopy, SMEES) 7 80 K T B3I T PSI {4
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Fig. 10. (a) A time-course observation of single PSI (7. elongatus) emission spectra, the top panel indicated an average emission

spectrum; (b) the intensity changes in the two specific wavelength regions; (¢) a 2-dimensional synchronous correlation spectro-

scopy calculated from panel (a)42l.

KRG X, MR AT Kato 55 B fil frfid
Y Low1 (700—725 nm) Fl Low2 (725—752 nm)
RS, Lowl Fl Low2 H1 % g % A2 7T ¢l /A
BUSHIA: BEHLI S RE LR (18] 11(a)) FIo> CAER
e (K 11(b)). Bl Brecht 4 142 il gg
BN SERAATUESS, (H5 4 DU 5 20 KR 1
HEATA AR . SMEES J& 56 T — M1 & 1Y &
A G WA R GRS Y 18109, %5 A5

BT AL T BT PST RGBT 5 Rk LI Y
[a] i I, ik PST A K 2k 1 5 A K o 1
(Red Chls) 15 B45 LLE BB A . 6 %07 ik
Zhang 25 P 3R4F T PST B “HERCR KSR (two-
dimensional excitation-emission matrix, 2D-EEM)
P (18] 11(c)), it nT Bl A [R) O K DX )
WO (K 11(d)). fibfiT58 3 2D-EEM (9 {45}
FARAH A R BORAE B A PST T AYIU- A0 AH
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Fig. 11. (a) Model of random excitation energy transfer (EET) pathway of PSI; (b) the model of branched EET pathway of PSI;
(c) a two-dimensional excitation-emission matrix of a selected PSI trimer 80 K, the black and blue solid lines respectively show the
eigenvectors in which the black vector is used to calculate the inclination angle a, p indicates the correlation coefficient of excita-

tion-emission wavelengths; (d) the two excitation spectra were reconstructed by integration over the red (700-725 nm, blue) and

far-red (725-752 nm, red) emission wavelength regions/*.
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BeAE . Y IE MR A 2 65 R, BE LI B Low?
ARG R AE LR, leZIRA (K] 11(d)). A
DG R AR 71 i TR Y, R Lowl A0
Low2 A G5 1 28 S S e 1B AT e AN [ 1 5K
R GtRE, HIESE T 73 3 Re e AR I A7 1E
(& 11(b)). TEEZ MR, ENE T R 5
TR BRI - S R e 22 A K 5 T 1 A, 3
BN T 43 S e ek A A R AR R 1 ki AR T AR 1 oA
SHRAE; i) @i X Lowl 1 Low2 JEATH R WIEE
Ja R, BT TS R A B e, XL RE
FEAR KA D S R . A TR R T A AL i
SRR AR R A E BRI, X 5 Z AT
FR A — 2 2 AT 25 Rt %R, 2D-EEM
AR K - S B AR SR T % Low 1l Fll Low?2 A X 7€
SRR BE AR RE, K SMEES (14 WL 25 5.7 g 42 fit
— AL TL RE B AR A AL R i B PST iy o
JEINIRIL.

IR PR T R i Bt TS & A
hRC (heliobacteria) B & fE#1%, hRC &H —1
] 7Y — AR ZE R4 19 S v o0, Red Chls 4393l 43 A7
TERAF A . 38 i A Al i O
UL, Kondo 25161 /£ 6 K J5JE F & ¥ T hRC
PWASF 8 (R AT &4 R B, HAR R
RO B 52 2 8 T 2540 S PR s el AT ]
WL IN 3] hRC Hf 21 & SR A P & 1 A A B ]
JLT5rh) & ALK SIS 1 XA G
FRRE R RS A3 S R AR P e S 4% T e A
¥, AT W 18 AN ] Red Chls HEAE 34 & i
SN NRTIEL S

5 S e Ot T AT
5.1 SEZE% I F01 BRTA4L

Vacha 45 PO 1 YR B D FH 38 TP 5 R B0 E W)
B BV U S0 AU e AL P S DA AL b T AL T

PSIL Al PST B M P 73 Ai . A Aie 0o o (A 3= B0
B A BB FLFE (numerical aperture, NA) $2 5
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Bl 12 ARV R B WLEE, TR S A Y R A DX AR, 2L AR IR T REAR 4 B PSIL AT PSTRFE (9 IR I % 55 0 1 101

Fig. 12. Low-temperature observation of a chloroplast with a larger size, this study completed the spectral imaging of fluorescence

emission and in some local regions obtained the spectra that can well identify PSII and PSI features®!.

£ 0.9. FEX AT, W SRR ORI 55 3 i A
FTK ST B AR e R L, SRS B
AR A A LI . 43 314 680 nm 1
730 nm [ T 8 A R Sk 4 R E] PSIL A
PSI (& 5HE S . FERAS B G, g2 L
ASHA B PSI 2G5 5 B IBRE K38, #H & N
PSII & 4 (PSII-rich) fY 3222 X S FLRiHE (Jegefk
)2 E X)), SERHERAE T AR 0.8 pm, BEKT
L A P T IR B ) RN, XA AR B R T
R TR e AR sl A SE R i E S bk
(i) P9 322 422 A 5 ) -6 0y JE L BB FRAIE, X J2& PSI
FEEE (PSLrich) 1Y X . ZWEIA K, $2 5
R WA B NA A] 3RO T 64
Gy TE I SRR A P 1) S P A 45 B O (3 00 5.2
). IZBGEAE 2007 AEREE 2P, Vacha 45 P
AT NP A Aglaonema simplex H 535 1)
LRI 12 R AR A AR RS K EL 25 A B 5 X 43 At
MITHR T A BB L B, AEAR It i 4 T
RS 246N CCD AL, W] BRI 35 T
650—800 nm I3 Fil 1) & 53 AT TFE 4R N
(4 JRris X Sk AR B T EL A B PSTL A1 PST 4FAE 9 &
SIS (B 12). X R GT  T 6 G E
OGRS # X 4 4 a4 Py PSIT A1 PST FFAE A ROULIX.
A . YR X 8 3 B PSTI A1 PSIT K
MRS, FIZeE PSIL A PSI A6 4 Bk
RERE B R G0, fln ST ALk (B W 5.2 75).

5.2 EHIRHLHI BRI RAE
ST H iR —Fhid i i 6 & 1 LHCI 194z 32k

s E 4 PSIL AN PST R AR X 30k AR ALE] . A&
AN Chlamydomonas reinhardtii & HAHES

WF5E ST MUK A AR A= 4. AE 2 Ly ST BRI
PSILiE % 5 LHCIIAHZE R (FROFIRES 1); 52
PSIT # 5 J& i & ik, LHCIT & A= #i iz b3 5 PSII
2, RIG 25 PSIAHSS & LU PSI B BEUL K
e (FRAARAS 2) (] 2(F)). —SEFFe s, MR 1
AR FIRAS 2 B, AR TR B3  LHCIL 485
PSI 454, AlREAFE/D A9 A i LHCIT (A5 HA~
N R GeE Bz ). WA B[R] 7 G S s R B H
LHCIIT FEHH AR I (108:109156] - (H A Py i 4 2 e =
). F B LHOII PR N FRAEXTF 5238 ST ALl A
AU OCHE.

2018 4F, Fujita & P2 it 1 1 7 & B2 7RG
T BT (] 13(a)) XA EEANAEIEF T RS, LIRS
LHCIL 7£ ST HL A& A= J5 75 40 M AR P %) 5158 o A
AT A 27 2R 0 T R PRl 8 30 00 0 T R v v
T U, FEHC NA K 0.9 I E s IR Y, a4
B2 350 nm 23 [H) 53 HE3 (K] 13(a)). &, 1]
TE 80 K TR T 78 B T A B4 AR 1 55 3R R i
TR 38 R ME R IR A S GIE I T
WAl A, Kok ek £205)8 T LHCII (680 nm) .
PSII (686 nm/692 nm) F1 PSI (712 nm/730 nm)
B sy, MfiTE JenT#fk T LHCIL, PSIT Al PST A%,
SR 504, SRIG T T LHCI 5484t
RGeS ] B E AR T . BARERIS FIRAS 1A
AR 2 gl e A ] ZRAE LHCIL 8 3,
{ASEFR EXT LHCIL A9 5 A A7 7 — SE AR BR il
X2 PRI SRy 7 D' i 8 AN S IR T I 1) e i L3
SH R TFWCRRIE H, SEi5 o i iR B A RE B
S SRy R4y T B I, B E A S B
LHCIL, X Haetslh 2@t A il & .
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[§1 13 (a) Shibata %5 8 J- % i ¥ VR D' i W 3B 14 75 58 1, 47 P 3R /R v VR FEL TR A 1) ST 181 (F Yuki Fujita 4240, (b) 12 R 6%
BB A B9 8 B R, R E LI T AR E 96T A A A A TR 3R B9 (c) Chlamydomonas 41 i 5 1 B 4% 2 B4
T ST, R GG BEBE 5 A~ = 3T R AR A b AL, AR R 00637 ) s T LHCIL, PSIL A PSR 43 &% 8 05 4 3R 7R 680 nm
R B35 SEIE 0L (d) £ 6 A 80478 A0 P B9 43 A7 B B9 (e) PSIT A PST A4 H AR I 1561, (f) SF-34 75 i 18] 1561 A5 il A 32 20 it v — 4>
1B &R LA ut m i 26

Fig. 13. (a) A cryogenic spectral microscope developed by Yutaka Shibata et al.l%!

, the illustration shows a photograph of the home-
built cryostat that was provided by Dr. Yuki Fujita. (b) The latest version of this optical system, the present system enables the
simultaneous acquisition of emission spectrum and lifetime on the same pixel®. (c) An emission spectrum selected from a pixel on a
Chlamydomonas cell, the emission spectrum can be well fitted to the sum of five Gaussian functions. Based on the peak position of
individual Gaussian curves, they assigned these Gaussian curves to LHCII, PSII, and PSI, respectively. The green dotted line indic-
ates the transmission spectrum of a 680 nm bandpass filter®. (d) They visualized these photosynthetic components within a cell in
terms of a method®. (e) The relative intensity ratio map of PSII and PSIP. (f) The average lifetime map of this cell, the right side

shows a fluorescence curve selected from this cell®.

2022 4F, Fujita 45 50 B3 T A0 R OG1E

RS IER A TR — AR, PR (S S8

W, RI7EZOCR I MA T TCSPC &48. Tt
G2 B AT [ I AR IR — MR R B Rk
KACTERDE IR LR, Z R FE B FRA Cryo-
FLIM (cryogenic fluorescence lifetime imaging
microscope) (Kl 13(b)). 77 ZEF B 02, MIRIE
Cryo-FLIM H 41 YA I i M1 Dol 1y 2R AG 0 S

i — B A (F 13(b)). FEXALEH, i
IMEIET ZaiX; PSIEIEE, 3 HERM T 680 nm
PR FAr. R 680 nm AV U¢ G EE LML T
LHCII fy 53k (& 13(c)), FIE cryo-FLIM REVEAL
APy LHCIT fPhRERAS. B JE, S Z mrlE kR
M7, AATTRTRRA T AN GG R (B 13(d)).
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MRYECIEAR IR, AT T 40N i PSI-rich 1
PSI-rich X3 (& 13(e)). SRJ5, B 1 4R T[] —
MR AEa R, bR — MR P 5
e #hne i g A (81 13(6)). FE M H 2 sy
PR SR LG T T AN ) & SR NS T A
J&, AfiTHE PSTrich K3rf &3 T — ARt F5
BT (29 3 ps), BOCFar BUMUAERE 2 4
FEAE. T H, ZSHOGIER T R E R, R
VB3 %o I A — 1 e R B, PRI sk ] 2 VR
K7 H i LHCIL & 4 1 UFE4E B0, — AN sk iy Bt 7]
Oy PRSI AR T Ik — 2R 05T, j 2 SR BERITST,
AR ST AL 1) 52 AR 1 gl ST F2 4L T UFE i,
I UE B T AR O TS S 0 5 AT LA T T Ak s
SRR B SBT3, RIS R AT RE o,

5.3 RRGARMERIE NN

) B R A1 22 8 5 AR 40 AR PN P 2L 2 ML
A ERBE S h R Pk R 2 — . — 4k
T HE T 0 R GE 4 2% ) 75 A AR Y (58-60.158160] 7
P, JCRGE MR ISR B
22 5%, AU AT 3l 3 5 ' B 3 ok FRAE AGE B A 41
BENR. IR 2R G0 4 B (AR 1) 6 1 FAE 238 1 )
1957 4F 101, 2 J5 SE I BFFEHAE T 64 i rp b
FAF LB RE T B R 53 04162167 SR, #E
ZRTAINA K EZEG TR S AR RE & T
SERAE. FERARREIR P, Al 2R T RS S PG A
Z R R AN A

RIS S U 1 L PR 122 U ) IF 5 A R
e 1] B 20 104, SR, SRR RSB
LRI FEL AL B AR AR A AT UL . Ak H A4
L1 TR SRR SR R & SRR BUAY , ek s Fef
Chla B2 A W2 2IBEG, HIHOE RS EAR
fEWn 3. JEIRA{E & Chla &, MME S Tk
ARGER . 2013 4F, Shibata %5 01 2y Y i FH
TRHOGHE BRI T £k A kit . &
KI5 PR R AR 2R R A 40 SRS AN (bun-
dle sheath, BS) #1it R 4HM (mesophyll, MS). 5
JaE AL, BiE A PSI A& & w0/ (& 14(a)).
Y VR U I i D 25 SRR OR ) BS iR ae otk
FEOR AT PSI SR, 1AE MS 40 & 56
Hr PSTI ) TTHkEE K (K 14(b), (). Kk, 7Ei%4:
VIR R rpnl e PR vE L EE BS ik PSI A E
AR, WATFE MS 4 b i PST A1 PSR E

AR R IR g, TR R
i, P EME HREgm i 3 AN iE PR TG
AT T7E 80 K MR T, #E4%-fE T 1 h Y BS 4HAEH AL
Ui 2] 75 PST AR 54 5CH 679 nm
PHERLY. 24 BS 4iiEp4fk 3 h J5, 735 nm Ot
AR SR, AAT AR % 4 PSI-LHCT 50 H HH
f) LHCL %55 1T Bk B 296 & 5 2A
AR 588 P19 £ AR A

(a)

1.0
BSHii 0.9
(PSITE R 0.8
0.6
M4 0.5
0.4
() —1
_—2
680 720 760
Wavelength/nm

14 (a) C4 FEYM R RRE PR B, BISEE 4R (vase-
ular bundle, VB) A 41l i (bundle sheath, BS) #' PSII A9 &
ARG, 7B VB A A4 (mesophyll, MS) 1, PSII
55 1Y G (b) PSR LLAELIRT; () A\ PSI LUAH I vt H i
PSRN RO, BS 41M T OGS 1R T PSR
ZETTMR, AXT T 1, MS 40HL L 2 b PSIT K STk
F RO

Fig. 14. (a) Schematic of a leaf cross-section from a
C4 plant, the bundle sheath (BS) cells with small PSII/PSI
ratios are near the vascular bundle (VB), the mesophyll
(MS) cells with large PSII/PSI ratios are far away from
VB; (b) ratio map of PSI component; (c¢) low-temperature
emission spectra were selected from two intracellular reg-

ions/0l.

2019 4, AT T — B B fIRiR w ese, 1%
F Gl M FOCEE R MR TR e 8 K b)
e (K 13(a)). BrA R B A GG i %5 5
E I L B T ZR B YR b, TR AR 3] 52901
YIE AR B ETE (species-associated spectrum,
SAS). fERAR MR, AT AT TR )E T
PSIT I PS4 SAS 7E4A g N A 25 107 B, X558
HiGE—8 HEZME, TR T AR K21
U1 F v, AT RS 0 3 58 S e 43 3 78 677 nm
(SAS677), 683 nm (SAS683), 685 nm (SAS685)
M1 687 nm (SAS687) ) 4 Fi k5. SAS677 1HJE T
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Chla f& %, ‘& & H PChld (protochlorophyllide)
Oy T — ik SR B AL T T A S S M AR
BHEY). 2 e RS T OGS B 5 2
AT 445 19 5 PChld if i i 45 & 19 Chla 19 AH L1
PR 068 G5 4h, SAS6TT FEIEZE 2 h G IRIBA A B T
D AR B SRR T i — IR . SAS685 7E 2 h
(A A (B] e e 0 Hh i /D, RIS B R
SRR ARG, RS, SAS683 1 SAS687
B4 B TR SR E IR TR 2 W K. SAS683 it
£ MS 4ifE PRl g A JE T PSIT R A4 2%
K. SAS687 Al H V)& T PSI 1y g 244k, KK
7 2 h 2k 4k 5 SAS687 7E BS i i b3 b Huk,
SAS687 7E 740 nm P K AT — A 5L 1Y K S, X
5 PST H2r S 28 04 K AR L. — A~
WY SCFE T IX—4518, ffi17E 8 h YGRS &
K FH 3 B 1 BS 4 R I ) T — AN ALY
PN (R PN 686 nm)162, 25 b oG
BB AR FRAE T 240 b 1A PR RRAE FOU X 38 ) O R 5
KE SRR, X BT A SAS687T Fll SAS683 A4
Bk Jy 2 PST 1 PSIT L HAZH R A e e 3

6 HRE5RZ

AR FEANA T LI UG, s i -
AT R BRI TOLIE S B ARG RO, DL
PHZHRTE A ARG G A FH U T B 1 H .
TR, ATh A — L S B HOR RO R 58
B, MER AT

S—, HEDE WA 2 A ok o8 4
i BT 5 B3 B S P O A S AR Y B 2
R R A PR SR I U T B %5 PR, ST
ARk, — RN BB B B W R, AL
O F BN A, = AES H BRI S O RN A2
ST AE I BT (stimulated emission depletion,
STED) 160170, 5 [ %, STED # A 245 41k
AU B E YRS, 78 STED 75 i
H, PIRIEOEHT T RGBT AL, PO RS
TR B AS, SRR O S TS AR ] i
(%) STED JG IR 7 iR M1 RE 2 (MR S M ER ), ax fd
TR OL R YRR R/, O TR
T R EOR 8 R LG K AE SN STED
. AR, T E MU EA Z AR A,
45 FH LI I 2% b n 2 9 98 285 BT o B 1 5 3

WA, PR STED AR HI T8 & A HI A
FEIE PR B9 TAE . WO B R R
STED AR —AAI BT 5, RO T HL T2
PR B 208D, XA STED Jerl G851 & 1A
WA RR . 55— Jr i, STED Fyzs (8] 7 H %
ARSI BE , AR FRVFRE AR SZ e otk B DG Y 42
SRS, DRI n] RO R 25 (6] 7 R fle, BT
STED AR MV R RS LT s — L kg, {5
T I3 it 1 RSB 00U SRR B R AR T T
o1 MR EIE O ERIN N, RESAE G TR
BRI R, A B AR B S BT s 5
Z BRI XE.

B AR RO R e 4D
BRUR. =HEOGE R BV A A Yy e F 4
H HAT 2 TR 192 D1 S ) AR i IR AL 37 25 7
T OCHE. H LR = 4B S Rl D Ul
SRSCHLY, (H 3 L AT ARG 155, Tk
FEIN T I, 3k 20™ A B BE LAV RS XE AR I,
DRI e LA S B0 5 R 0 2 i ) — i E . UK,
W A 3 J2% RO 548 FBE 14 T DRl AT RO F) 5 A8 A8
AT DXl ) 17 A — A PEAGAE oxE LA BRI e
i, Kozawa 25 W71 {fi ] — A2 [P HI A Oest”
VERBCEOCIR, i TAR PRI RS T
= eSS A BARIZ DT S MR SR
fige, AH Ay e T = AT W R A SE B i T — Al
RETE.

=, TOLE OISR, B RO A
AR ] B CRE RIS AN R 1. AR EAE W e
SRR ZR RSO 57O i) R 3, HE
27 E R BRI BRI K PO A, X bR DA
Wy o I 14 PR 3l T3 2 o A 2 BR PO SR SO AR AL A
I e RE RS AR A1 — > A I Y 1Rl A s 1] 2 B 5
o, R TIHE OR E A R RE R RS A W T
H 072 LR BB S AR SUR ALY A5 & A T fiE
ZEZ U SR S 1173179 KT, A Ok 2 SRR AL
ARRE 1 BIR ], i R A Bl Y BB )i (L
LA, XA e P EAMM IO PRI, HF
RHFRA] T R OCHHT . Aot BEA
B TR AL RIXE, DR ORI B8 rT SiE A i ) X
MRS TE]. 3275 R R R SE Tt RE L2 18] /P /s ] 73
B = HEZRNAS A RTRE, A SUAT DAL 2R A P R
FOLBN B B, A Rl e it T Ok
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S0, BT, SRR AR EHE SRR
D22 BRI Y, R e B R SR RSB R0 553
FH WA, i, Yoneda #1 Meredith
S 0T I T AR S N TR AR . i
PR EWRETE SRR b, SRS TFESR & X Sl fiff
FHESMEIRGHE IR G, JER A XK B B, b
MHELIL TR AR R A X Dy b 523 T R AR
RPN T BN T T A MR AP A5 AR
PAT TR CAVE R RN REE, HIZ 7 AR
TR VRO e R L B R
RVLEA G T

L, BRI IR IO S RAT A M
IR RN A AR, (B T ORE AT FINE
Z=VE, B Tk A OCHR A Rk S Ui Re
Fitk. filr, —SfF T i TR VR L B AT
T [RIFRER BT Z A AR AR, TR SCHR IR LEA5H 2%
A0 A T 24, EA e T R E 017
PRI, B m) Bsh i 2 B 53— Bl A R i e A I AF
PEIFJEY. =R B (atomic force micros-
cope, AFM) HA i 25 43 R, J& 68 EL LI 5
G F AR T B 0L bl 5 A s AFM
WA KRR, 6 iR S e AFM 456 et
SR 01 SRR T K B OEARIN S m AFM
AR FHHEORBEE T .

AR, BE A 3R A R FL B A 1 R T #%
A, AR5 AR W2y a5 DA e el R i, Lk FRATTHE
6 B L5 A f BT () AU 6 s — B BA. %
ROGHE AR R R — R B AN, (H
TEE NIZEAR LA BT R, R B OGS =78
WIOCA EY Ot R S e I Dy T AR
TR, U A5 Bl R 22 G .

SIS HAARAE R AR L B AR RIE R Yutaka
Shibata #(#% . ALEURAMEMEHAZ | v R B 4y HLT R T
JERTFE DL AR % ST B B A AR R B 4
TRV FT I LU SRR BT 27 e 2 ath S XA
SCHAFAR IR AN 25 1 5 5 AL

fKAEDR, WA S UFSE 5. 2017 4F F AR IRl K2 Hi 2
Befbzg RARH 2207 2024 4E 3 A F H AR K2
LW TERME A R AR AL (8 4% Prof. Shen
Ye Fl Prof. Yutaka Shibata); 2024 4F 4 H—6 H, HAZR

bR JSPSH LG F5E A (5 1E 2 : Prof. Yutaka
Shibata); 2024 4F 7 H 24, SEERRE B T2 B2 R 0+
JEWFSE B (A /BRI Prof. Gabriela S. Schlau-Cohen);
R AAREARIZDL 2y JSPS FRRIBFIE A 34 (2023 47), AR
JST Wk ittARBk I H T 54 (2022 4F); i E R 9l
75 H 2B AR (2022 4F ); H AR Z T BURE 2 Bl %
(2021 4F), HA YW By 2 kR4 (2021 4F) 584000, H
BT EZM IR 5 AR B2 T 8o A6 S
A R B Rl e 9 5 AR AR L) A5 SRR 2 ] B S AR
1 J. Phys. Chem. B., PNAS, J. PhotoChem. PhotoBiol.
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Abstract

Efficient photosynthesis reaction is attributed to the flexible energy regulation of two important pigment-
protein complexes, i.e. photosystem II (PSII) and photosystem I (PSI). Cryogenic spectral microscopy provides
information about the spatial distribution and physiological functional states of photosynthetic components in
photosynthetic organisms. Under low temperatures, the uphill energy transfer between pigments is efficiently
suppressed so that the temperature-dependent PSI can be well analyzed. Therefore, a cryogenic spectral
microscope allows us to discuss the physiological events surrounding PSII and PSI in the independent
microscopic zones. This technique can be used to complement the insufficiencies of cryogenic electron
microscopy and atomic force microscopy in analyzing the photophysics and photochemistry of photosynthetic

species. Historically, cryogenic optical microscopes originated from the desire for single-molecule spectroscopy

detection. So far, the combination of optical microscopies
and various spectroscopic techniques has expanded the
possibility of studying photosynthesis from multiple

perspectives. In this paper, the important and recent

progress of cryogenic spectral microscopy in the field of
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natural photosynthesis research is reviewed from two N
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aspects: single-molecule spectroscopy and single-cell s DT
By ORI
spectroscopy, and the advantages of this technique in

clarifying the correlation between structure variability Ny Sy 8
and function of pigment-protein complexes, as well as i, > g3 t
the physiological responses of photosynthetic organisms p 4
to variable environments, are also illustrated. L -
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