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Abstract:  Fluorescence properties of light-harvesting complex (LHC II') in photosystem Il isolated from
spinach ( Spinacia oleracea L- ) was investigated with the time-resolved fluorescence spectroscopic technique -
The sample was excited by double frequency Ti: Al203 laser with 400 nm wavelength and 120 fs width- Fluo-
rescence signal was detected by Boxcar- Three life-time components (320 fs,4.0 ps and 20.0 ps) were ob~
tained by multi-exponential curve model and nonlinear least-square fitting method - Three fluorescence peaks
(652 im, 672 nm, 691 nm) were obtained by Global analysis and Gauss curve fitting- These components were
analyzed according to the structural and fluorescence spectroscopic property of LHC Il . The fluorescence ratio
of each component to that of all the component was 3- 4%, 50% and 46.6% respectively - The possible model
of energy transfer in LHC II' was discussed-

Key words: light-harvesting complex ; energy transfer; time constant ; fluorescence properties; Chl a’b

SEY B TR 60 ps T, BUh &
YA CP29,CP26 CP24, H S IR 454, £ — MY

TEmp e R g L (s 1) ep, Sy oo
ot R TR E e R FEE MO RES

Py (LHC 1) ol st B R BRI ERE. 2o RE& 6 K &
go(LHC 1L CP43 ., CPAT ) #5325 J W vt e JE iR
R7ebu> Chl a 680 FEFRTIASE], B i, Y6 R Ry M2k,
e AR R D RE R £ B, S
ek LHC [ R HATIRGRZMH IO EE 5.
LA T BRI 0SB E AT, A
e R, LHC 1 4R T R Y R sk, K5
AR =R LHe Ty R E B R =Bk

ek BB, 2000-11-14 4257 [ Y, 2001-04-12

i 7 5%0my PS 4 &Y Kitlbrand: 217 34>
PR Ny 3. 47 RTLE AN TEIE M LHC 1T =
Yegk st £ LHC I iy 5 — A kAR 3
ANPERE o 2 HE. B 7 > Chl a 15 4~ Chl b2 4~2KH0
FANRZAMERSTHERMNZ, XS4 R A
JTA R Chl b 5 Chl a B AHRE. KERS> Chl a A%
N2 ZERARAE. AR ML T A Chl b % Chl a F1=2K
A0 Chl a 25 P RPRESBREELSL, 1

FEEIE . HFE L FAT T A R R E (G1998010100) | Supported by State Key and Basic Research Development Plan of China (G1998010100).



1238 H O o il

43 %

Acta Botanica Sinica

JAEEANE TG (FLA) B €8, 2 43 F (Chl a ,Chl b 28
¥ MNE MR EA SRS, — TR T
RIS e [ i 2k sl R
btz £ 2orE LHC I Bl e 31T 6 FhiL H 1y
JERER 4y . P6AS | P60 _P669 P678 P684 P695 . it
Yo szt g aE 7 A e LHC I Hrp 5
it i) SR R 7 200~500 fs 2~~6 ps, 14~~36 ps L)
BN FORCR R K A 4155 . Holawarth "R 4R 2
M LER, T 1995 A HmE RO A ER K2 b
$EH T ERAE Chl b 650 = Chl a 675 A& E]
290 fs: 7€ Chl b 655 — Chl a 680 f4&3% R[] 3.7
ps: £ Chl a 675 = Chl a 680 A& AT [A] KT 10 ps,
FRBE S TR DO AR R TR Re %1%
WU e Ho By )2 3 ) B B A Sl X 6 %
T2 (R ARE B AL LR R T /04T, SR A KD B )
IPEBEIEIEIERA, BF5E T LHC 1L P e i st )
R R R LA R B A LHC 11 8540 % 2 el tE
HR B YL,

1 AR RETER &SR RS 3E

B—AME R TRBOCRESE  Z 0 TR
BMFSERIT 2 MK SN IRIERES . dhRi%he
ASIR W B [F — RE R A AR Uk 3h R AS Y B[R] 2
107 2~10"M o TS &S a2 1077 s R i
DR S Z BT T 5 O N SRR RESIZ R
R3] 6] — FL T-RB R 1Y B IICRE 2 (L0 40 g i DA BV
PIERBUL R R B R T ) . 7RI R S KRB S
AR Bl DA P 4 (B R BB Y 77 2T Jo 58 S R
TEEMREOA RS ) RSP BB R RIZE X LA RE =A%
R P B AR TR, AR A SR A
BT NS A R I ] 5 26 K A Y e ] [ —
MG 10 s, I RAE TN, YATERE
NIURELN 7 e i ) & N L BU e 1110 ml = WAL
FEAS MABSR 7 T ERIERIMA S, TERL T e &,

AT AR REAE 0 R M IS R B 1E— N To kR
SRR BT R R T 5T Z [
FECHEAER ., AR 5T R BB R R )
I E T Forster 1] 32 /Y, T X AN HE 2 ¢ 1
LRI A T Knox 25 10, 242 B/ -4
R0 D () FA (3Z1K) ZIBRRE R &I R
B B HAIAS (D B T A AL T3S ) F14 35 (D
[E] I ELZS T A BB W B ek B 7l o W A Wy

%Zﬁﬂ%ﬂﬂ&%iQN%@ﬂﬂ (1)

V== [Op(D) O ()T T(2) O (1] (2)

1
ﬁ[
b @ F1 Dy 4RI D A A TEBLR S AL A
MR B L 2 RS HMAMBABEF, BT
P> FZ R ECH BN Vin 2 S 5B Ik
SEFLHY) Hamilton . MU D A 73T 8] A BE (58
F KpaHl Upa =< Y| Vpu | U=k,

FZIBTE Voa lLEA TR IR BN AE B /M 2 1)
SR EIEOL T (RIS > F IR BE RS Roa AEXHHCE -
KT 2 nm B, & SEFEAECH —Pr &
BRI . AT 4 H R B MBI D (BB 25 521k A
TR

_ 9 (Inl0)¢! T do

Koa 1287 IZ/INTOR%A 0 fD(U) SA(U)U/I (3)
Horp w2y Jo 32 R A AE B 25 PR S R A5 1Y [ R 6
s o ETHIBEG & (v) BRI TR R
Fo(v) LRI GTHICHIIETE AT R K ¢ OB n
A AT 5 N Ay B 9 4 #G K= cosa—
BcosPrconBy 18] IR T, BUge T-43 T 1) A AR e 16 5
o PSS FERITARAL Py F0 2 10 2 £, By A0 By 4y
AR F ORI S BT D ELE R A,
K i AE A 40 /My O, %6 BT A ] REAG 1) F
g K=2/3, #4

9(1nl0Ye* ¢
RIS S [ s @

Yo D A A 2 I AERRS T S0k Ok
REO AT . 5 (DRI (D) RT3
K= (B¢ (5)
1 (5) 215 - FESH AL T4 TR R A
L4 BB 6 KRR . % R= Ro I,
Kon =1 00, NIRERAEBEIIE] © = 10524 R= Ro i,
MU 1o, SR BB SR A 0] He 35 75 3
K. RERM AR R R SR E LUK AT
SRR T 2 R R0 B & o, M3
Bt DA Z BR85S
A 3437 ] 515 BT (S
T2 )b B0 T 5 B A P T2 WA
PRFTH Vou He /43 F s s T BRXE 9 1 38, B
B FABR R TSI, — b — T
BRSSP & T DA TR AR T A
B4 T R B A T T
S T (P A I 4 T R 13
RAHASR Ay — AR T4 D A1 A 2 i



12 4 EIRES. RS R & 0K RN R A FOLRHER BT 5 1239

%, HAB IR E N 20U, HK A BT 3H—1 4
T TEXFE R . F20E AE B 15 % R 1y oy )
M
. I, | X |i, |
Kpy=4clUfr=4¢X5.04 _ARs—D_K (6)

DA

TERXA I FH A BRIk . D A1 A Z [H]3
RSH R LT -FRIEEE R 3 U7, iy ¥
Chl b 1 Chl a, R € EATZRIFE Ry 1. 2 nm, 7 A
Forster & Knox B2, T DAS H UK RETE AL 14 1Y
i) N T 200 fs5 40 8- Chl a 670 5 Chl a 680 43F-[d]
AIEE RS 3 nm, ATSRARE A1 2 [R] A9 AE F £ 3B I B] O
21 ps.

WX Tt 2 A A B A O 2 R
R, B N TR ML 2K BT
XA Z RIS B — N ToE BT
A4 BREARB ] LBV EX M08 TR TS
TE H 23 R SRR AU R ZG R 21 ) it o B BEATL
BRI A T3R8 BIOR RE S AE LT e/ 43
TR AR AE S RFIRR AT 555
— MR TR 7 T RAK (P TR T
Forster 5585 ) & 4= Forster BEALBEER .

TRIRTE B 4R 3R 70 2 TR A A R B2 %
e R 55 Py R T TR S O BT Y
JLZE 0, ] H Knox ANEAHES Y Foser F= 77 Rt ik .

do
de

He ky 0, k; 6 BOEDT PP Z MY
Foster 1 [AE I3 R AN R W& E o R EME
VBB A5 A 5t F s ] s N Ay s 87 w0 & BB A SR
LORSTE. KFETITRE. TR 2] 5% KA
2 48 8O, IR BE & | AH 4B 2> L B8 Y B[R]
Tunig» SR H U 47 K I B2 A0 R AT 70 B85 04 B ) R Te
TURET1 77 i (B S O BB AR A B TA]) 2 T Tyg
t tre KT THERIE AR SR A 45 H T RE A
TH fr 2R el (3) ., (6) 45 IR RER P
BrERES ), U RE BT R et

1
rmigzgjw‘P(N) rhop (8)
# N~100, fp(N)A0.5, 17,2500 fs, AfBEE T,
12.5 PSo
2 FEFER

2.1 EHE
Ar 0 B4 2k TR, T 2 IR R 2208 Ti: ALOs

N * * 1
_Z,’(kijpi_kji pi)_?pi (N
J i

BURSHOEER . P 800 nm . £E 4 BORME BRI
AT K IE — M AE oL Ty 100 fs, E B RN
82 MMz » AHARBKIh [EIF% 4 12. 2 ns, SR J BBO fisfk —
A O =B, Ho 800 nm BEHOES)
NP, — W2 PIN F 42 3R i as LI A Bl Bk
s 3 — R S5 B T il & Boxcar, 555356 (400
nm ) Z8/INFL PR B B B B R R B0 5 R R
FLHC T #E & B3R FE S50, 7Ot il E BB IR
&, G RO U DL R A E R BCR R K
TRRIETICAE 5 SR 2 K 5 ik 2 Boxcar
G5 A0 FEZS . B Boxear 1038 B K T 965
JE BN 1] 22 A0 Y SED L
2.2 EMHE

M 3 ( Spinacia oleracea L) 2R #7355 1)
LHC 15t 2 i o B2 e A BT 22 BT 4438 48
AR AT 30 mmol /L Mes: 400 mmol /L sucrose. 10
mmol /L NaCl, 5 mmol/L CaClz, pH 6.0 f#j Mes-NaOH
PR A TR R . SRR, R R VR B
N 10 g/ml., SZI6AE BRI A BEA T AR A Uk
KR & ITES A,
2.3 WELER

LR, BAAADEREE K E N S tm, 9%
SR A =Gy 640~720 nm, & 1 25 i B Box-
car SREEAY, FEHIMPE KA 675 nm . LHC 1T 5%
B ELRERERNELIOLES B 24t
LAER B 25 M 25T 3 B B A AR AL 51
ek,
2.4 KRR

Tﬂﬁﬁfiﬂiﬁ#‘b@i%%’?ﬁﬁ?% POCK P RGE

o
o -3 o

(o]
T

—_

|

Fluorescence intensity <1

Time (%107 5)

B 1 LHC I Pe st h 2.

Fig-1. LHC IT' fluorescence intensity-time curve-

a, multi-exponential fitting curve; b, real fluorescence curve ob-
tained by deconvolution; ¢ fitting residual curve-
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Fig-2. Fluorescence intensity-wavelength curves of LHC .
Curves 1.2 and 3 are the Gauss-three-pickfitting waves of the fluo-
rescence -

FIBSEHE TR B, T 2[5 5 B2 2R K
PRARF S T ] IS e S5 R P 1 R e S o 9000 75 1 24
DAL e o NN = RO M i S (1D 0y ot RAL R
ARG Y bR S AL O i 2 =3 B IR 4
SO R 0 1 B R R AL A R o A 2
ia B LSO AT ok
WROEIKIR A L(e), RGN R(e, A), B
BIPICAESH S (e ), TR ZICAESH F
(¢, A), N,
F(t \)=R(t, N)XL(z, \)XS(z, A)  (9)
A M(t> N)=R(t, N) X L(¢) R BGERHEOE K of
S R AL A
F(t: A)= M(z, X)X S(t, A) (10)
FILARSEAE S S(¢ M) ATl SR GES F(es )
SRGXFOCH MmN AE S M(¢, A) RGN RS,
RETUERAGH E LB g an &l 1 d i<k b iR,
WHESE S Z RS mEcy S
s’zjiﬁlcjx]gxp (—¢/7) (11
(=123 NIREME TR, ¢ 10F&) BHAIRE) .
KRR/ —FeikizE
szZiWi[Fi*MiX s\ T (12)
(i=1, 2, 3. 17 ARSI ER) 17 MK &, M,
S A BIRES MR A TS MG M) &
F(z, A)) H w, AAERFE T, 5Ot ih 2,
HR IS BB MoX S t o 2, — A F.
BT, F Nelder-Mead simplex 7734k 14
ROTHEY sC i/ ST G Koyl b

F 15 AR [alE E A S B 1 25 i 1006 i &
LT E A 17 S S T05%, BEEH 6 A B TR RF
PEA S HE S A B O SO 5 ¥ B P oA 5% T S5 26
BRI, B 2 e iy 3 AN E 1. o] g & i
Z VR B R 3 A1 B R A8 FLVE(E P 4331 R 652
mm 672 nm 1 691 nm (FHEH «; B9ME, i=1, 2. 3).
P v (VOIS EE) 73512 10.2 nm 9. 7 nm
8.7 nm (FHEH w; 1) .

Chl a f Chl b 73 F1EA] WG X ERA A 3 TR
Y 5 88y BRI Q MR K e 620~
700 nm, BATHY YL A Chl a 660 Chl a 669 Chl a
678 .Chl a 684 Chl a 695;Chl b 640 Chl b 648 nm;So
=Sy BRITEAY B MRISCHT 5 1 A 380~470 nm, TR I IE
i Chl a 425 Chl b 435, &A% | 2 A9 RIS 3 &
# 380~500 nm, FEFRAT L FTINAY 2, 2
400 nm FOCBHUAFE S M 50 Chl a Chl b 73 F1E
WSO R J B (B TR K29 7E s BEJ0) . I So 25
GER)BRTHN S 25 (55 848, R, 107~
10" s 'l R AR IR R 5 1 (D),
TR S1 AT Q WRICy FR B BRIE B B3 So T A& H1 9%
I, RARIE R Stokes LT RS, Ho Ik B 5 6 6 ik il i
HELLLAE St W ICHY TR IO TS B I (B K. AR R
RISCHTIRM- S R AE Q 7 BRSO . AT 1Ean
AT SIS Y 5O IEAE 652 nm W] F{EA Chl
b T2 400 nm 5% F f5 To 5 S BRI E] Q MRISH Y
640 650 1 & tH 595 672 nm BIEIE(E ] FAEH Chl a
e 400 nm {96 T I TR STIERE S Q WRISCHT ) Chl
a 660 670, DA} iy Chl b #4#% & BE1% 1545 Chl a 660,
Chl a 660 43 & REAZ 14 45 Chl a 670 qfi A& Hi #5691
nm ¢ GIEME AT B AE N Chl a 685 B Chl a 690 MY iy



12 4 EIRES. RS R & 0K RN R A FOLRHER BT 5 1241

J5—A~ Chl a 670 5k 680 5% 1) UK RET A& A .
AR Forster X Knox FRE, fE B & 1383 R AL
RN T M5Ot K Fig 5 RGN EERER
¥ 50 RN T2 RIMEEA S, KN Chl b 4>
5 Chl a B AHIE, [F]— B5-F- T AU 5] B 18T
M43 25y 12 el d S A O RE B 2 9~14 & i 13
~14 X, 2H—FhE B A ZHERERE, XIER
RN T2 MRS T AR 4 3EaE, JFH Chl a
ST RO RE S Chl b B & S E B8R
# {115 Chl b—Chl a 7F7EXE A% RE BB,
AA ik 9020 L b e B 5 3 % R, Kleima
slLR5E T 7 77 K BARIE R » SR 2 AR I AT
787 LHC I F il g =% 353 72 75 Chl b—>Chl a
HPABH B A BRI 73 . ~200 fs £ 3 ps, Chl a 7 F
Z (81—~ BT A B8 AL s AR 18 ps, JERHTE
RN = RIR A ETEM Chl b—>Chl a AR AL
(200 fs), FEZ=Z PR, #4> Chl b—>Chl a Y{EI%E K
H=7E 600 £s, T H M Chl b—>Chl a ffEEE R & ELE
BRI BT P S AS T BB A AR R [R] A BT 2
], Gradinaru 201 % F 30 7 #5 Bk i 34 il 640 nm
650 nm Z P KERMFL AR Chl b/a 7> TR fEEAL 1%
BEATHIFZT I TZIR 640 nm £ Chl b 5] Chl a F AT [i]
HHL(3507100) fs, e 650 nm @) Chl b ] Chl a
A 4(2-220.5) ps, R4 LHC I A= 3454 K ik
EAGIBHLIE, 75— Bk th R B AR R RN & 1 L

M. (1) 322. 1 fs fyBF 453 J@ T — 4R P9 Chl b
WU 400 nm BILAE T To 58 ST BRIEE) 640 nm T A&
5 652 nm B HH [F]— 5T R 660 nm i &S
672 nm 9 FERY Chl a AYRE E AL BT[], T3R8 4 Chl
big—s50Chl a0, %I (4 52 M6 3 BT o5 2 55 5 Y
3.4%, B T REEAE Chl b—>Chl a fEREHT: (2)
3.95 ps [HEE] 20 53 J& T [7] — B4 v A [ JEE-F- [ (1)
Chl b s50>Chl af& 1 Chl alfsss0—>Chl a&. 5%, Chl
aloi—s70>Chl ately e B % 33 B[R], 1230 ) 9 G0 B
T BBEERY 50020+ (3) 19.96 ps A A1 4153 IR T
R AR AR B R 2 A AN R =8k Z (8] Chl
ati—600>Chl ab70 Chl alg—s70—>Chl ates ) BE B AL BT
], BECH L MR 46.6%0
3 #ig

SoF T S rh R Al iy LHC 1A 5 SR BBk a] 43 3
PETERER A X T H 5 B B 18] 5 1 R 1%
P, ZadBaEAb T, 745 T RE B A LHC Il A% 35 Y
3 A4 B T 34 8 43590 M 322 1 £, 3. 95 s,
1996 ps., AHRFRAY 4155 7 3850 0 F 4 o4
H.3.4% 50.0% 46.6%5, I HLRII A I
B 5 B ) 25 't I K TE 5% FEAIRIR S
B SRER AU T, RS LHC 1T 2= [ 454 | i
RAETE R & [ 5 v () A% 33 AL DA K2 B I 1) 2% ' 56
W AT T RE R AR B A AR AT

. N . | N RS gt SROA PN R N
THERSH AR SRR R ey SRR RO R A LHC Ll b RS
—— - =
BEANT G4 RATERPTBM SR, 01T FRER(E ),
¥ 3 Higher excited state
B —eo—————
g \’( T The time of energy transfer
Yo in the samel level is 320 fs
Redidtionless :lﬁexhj.tation
% The time of energy transfer beiween
640 nm _“_il.u_wgr‘ e_xg_iied statg levels or moncmers is 4 ps
652 mm ._....'._..-.._.qh-._l.,- The time of energy transfer between trimers is 21 ps
660 om f--—-- == o Intersystem crossing
ﬁ‘rz v | s remr e —— — — Ehl_ﬂi_‘h /
601 mm }—--—-- [T SN et s 2 . e — 10 : .....................
~A
E B g g = Excited Itriplet state
3 =1 e
| B & g 2 el
= - g 3 8 g
| . g e
2] - fry ol e} E -
2 & A L) A o I
g ! £
@
E’ ' + Y * Ground state
-]
v

B3 ket LHC I ki iy B G S on Al

Fig.3.

Diagrammatic representation of energy transfer in LHC 1.
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