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Fig. 1 The fluorescence spectrum and delayed fluorescence
spectrum of isolated chloroplasts: Excited by blue light
(438 nm) , slits: Ex=Em=10 nm, at PHOS model,
gate time: 10 ms, delay time for delayed fluorescence
spectrum is 1 000 ms, cycle time: 1 020 ms. log, c=2
(7.8 pg - mL™"), ¢: Concentration

1, Delayed fluorescence; 2, Fluorescence

2.2 MEEERERE THERTLRIE
S AR AE A R) e R A9 28 SR 28O e A IR 2 () BT R . O
e £ 06 685 nm AIYK I 730 nm Ab R BEME WA 2(b) FiR .

MR LA B, B SRR 8 09 35 0 (log, ¢ A0 2 2) S
RT3, JE TGI8 7F 685 nm £ J&7E 730 nm &b ¥4 agR, 4
logyc g 2 I, FEIRZEIGTE 685 nm 4b Y 38 2k B e k. 2k
FELR LSRRI, AR HEGAE 685 nm Ab ¥ 3R EEFF 4R R R, T 730
nm Zh 5 EEARLE BT, MR IE loge ¢ 4 W, IXIRE T TR
YEIGTE 730 nm Ab (458 B 3K R KB, 3R T R JE logy ¢y 2 1Y
(685 nm Ab 38 B f R Y 730 nm Ab iy 3R A, HY L B AL 7
Z G EIE N E 2CoO IR . W ARLE R N, TR 5O TE M
U {57 8 1) 53 BE 45 R (B2 685 nm 48 T B9 %R 730 nm
B, NHRE log, ¢ O 6 JT 4R, FEIR 3063 i 32 0k
730, 685 nm B{) BB BT T AR SR ANE 2(dD PR .

TEJC IR AR " A B Posot Q X REIR 5804 £ 21 5t
Bk, ENNE ARSI GESF chilchl” ], FIbiE
BYOCTEAR T 20 158 5/ HI G Peso QB AH X R A
Vel o W ARV B logs ¢ AN O B 2 Ty A2 v, AR 58O
SHREEHTIN B R  y 1 IR A Ak R AR IR O & AR
Posor Q1K h EZ R - b - SR R MR e . PRI
LT I AR S R % ' 3R B S i R i R, B VR
HYSE AN, AE IR 5 ' bk BE 3 AN . Ve BE 4K 8 1, g B i B 685
nm 4358 TR, M 730 nm 45 4k 22 I FF (log, ¢ M 2
B ). B v B PRI K, TEAR R R SRR,
Lambda 35 UV/Vis Spectrometer Jl & T M- 2% 44 59 % O 1%
WG TEAE 685 F1 730 nm 4k /4 1 Wi (B CEHE R 45 1) BE e B2
BTG I, ABHAE Asss /Avso HEIE — 80, BEWRE LT KA
AL CULIE 3) PR AT RLIA g SiE 3R 58 G 7E 685 nm Ab5iR Ay T
e B S MSERA RS, FERRT PST AbG aR X
PSII & i1ty 685 nm J 43 14 W o3 58 I 8. I8 3R 98 6 AE 730
nm Kb 58 EERYIEAN, W T PS T X PSR #Y 685 nm i
IR, Wk PS T RN H O I SR 43 Proo K AT
730 nm [5G, G IR TR R (¥ 3G i SR AKX 730 nm
RICITW, PR 45 3 3R 956 730 nm Ji 4 R R R
BT EAE X — %, B4 LS55 Luminescence Spectrome-
ter Y4 T 444K (7.8 pg - mL ') Y 730 nm G R G
1%, AR 4 . E 4 TRLE 685 X 730 nm 2 G
AR RA . 685 nm UK g, Pl T SRR 700
~800 nm MY Z LI . WA 5 7R . ATLAE i 685 s it 4%
PRBENE =L 730 nm . R T HE B WIEd T PS T X 685
nm $E 3R %G Y T A543 730 nm B4 3458, FE R — ik B2
T WE TAFIESWOR G . RE IR AN [A] B ] B A R O T
i 6 TR .

ML R T LU B 45 1 D' 0K R AT 3R AN TR B[R] (1~ 9 s) )
FE R %G % ¥ A A R A 4R AE . 685 nm b A9 1%, 730 nm
b B YR B 685 1 730 nm Ab f SR EEAE . 430 X R AN IR Y S
IR AR e it £, 1005 15 2] B A (B R 25 1) . SR
P WY L0 LAAR () 0y 48 v, O BB AR 1~9 s B AT 3R I
] B, AT R 20 o0 e R R LA IR RO R R4S
FFIDIRE I 22 5, AT LA 28 3R 225606 3% P 9 730 nm 43
S PSI & 169 685 nm W& =4 . Kl T PS T Xt PS
I fir & 685 nm 573 W WA 1) 8 3 T4 730 nm 4b (9 kD0 4% 5



8 JERE S 50 T 526 %
2001 (2 2001 (9
1607
= R
A =]
7 120 £
5 E
<3
a 80 A
40
600 650 700 750 800 600 650 700 750 800
Wavelength/nm Wavelength/nm
(b) -
200 [} Intensity at 690 nm (d)
= Intensity at 730 nm 45
5 150 . 40
£ =
2 g
Z 2 3
£ 1001} z
g 13
P =]
a = 30
50 =
: 25{
0 £ B LB | 1 i 4 g . . . ,
0o 1 2 3 4 5 6 7 8 9 600 650 700 750 800
Chloroplasts concentration(log, ¢) Wavelength/nm

Fig. 2

(a) Effects of chloroplast concentration on delayed fluorescence spectra of isolated chloroplasts. (Excited by monochrome

light (438 nm), slits;: Ex=Em=35 nm, gate time =1 ms) from bottom to top the chloroplast concentrations are in turn 1,

1/2, 1/4, 1/8, 1/16+-+-- till 1/512(@) measured 1 s after the cessation of the excitation; (b) The value of DF intensity at

685/730 nm; (c¢) The delayed fluorescence spectra of isolated chloroplasts at log, c=2 and 4; (d) It showed the delayed flu-

orescence spectra when the concentration is continually increased.
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Fig. 3 The ratios of Ags to As;, at
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Fig. 4 The fluorescence excitation spectrum

of spinach chloroplasts for 730 nm
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Fig. 6 Emission sqectra of delayed fluorescence from isolated
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spinach chloroplasts(log, ¢c=2, about 7.8 pg - mL™")
measured at various times after the cessation of the ex-
citation. (Excited by monochrome light (475 nm),
slits: ExX=Em=10 nm) from the top to bottom, the
spectra measured after 1, 3, 5, 7 and 9 s, respectively
1, delayed 1 s; 2, delayed 3 s; 3, delayed 5 s;
4, delayed 7 s; 5, delayed 9 s
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Spectroscopic Research on the Mechanism for 730 nm Component in
Delayed Fluorescence of Chloroplast

WANG Cheng-long. XING Da* , ZENG Li-zhang
MOE Key Laboratory of Laser Life Science and Institute of Laser Life Science, South China Normal University, Guangzhou
510631, China

Abstract Charge recombination in reaction center of photosystem [ (PS][ ) is regarded as the origination of delayed fluorescence
(DF). The mechanism for 730 nm component appearing in the DF spectrum of chloroplast was studied with different spectral a-
nalysis methods. Experimental results of the delayed fluorescence spectrum at different chloroplast concentration showed that the
apexes at 685 and 730 nm ascend when the concentration is relative low; the peak value at 685 nm reaches a maximum when the
concentration is 7. 8 pg * mL™ ', however, the apex at 730 nm is still increasing. The peak value at 730 nm finally reaches a max-
imum at chloroplast concentration of 31. 2 ug « mL™", while the apex at 685 nm has apparently decreased. The results of absorp-
tion spectrum showed that the ratios of Aggs to Ay are almost a constant during the process of increasing chloroplast concentra-
tion. Furthermore, the excitation spectrum for 730 nm fluorescence shows that the 685 nm light has a high excitation efficiency.
Above experimental results indicated that the 730 nm component of DF spectrum is the fluorescence of chlorophyll a in PST re-
action center excited by 685 nm DF. Meanwhile, this conclusion was further verified by the invariability of DF spectrum at dif-

ferent delay time (1-9 s).
Keywords Chloroplast; Delayed fluorescence; PS|l ; PST ; Reabsorption
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