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Abstract: In order to investigate the toxic effects and energy distribution of photosynthetic system in algae exposed to heavy metal
cadmium, the growth, chlorophyll-a, chlorophyll fluorescence and the energy model of PSII were measured in Cylindrospermopsis
raciborskii cultured at different cadmium concentrations. The results showed that it had no significant effect on the chlorophyll-a
content per cell and PSII photochemical activity of C. raciborskii after 96 h exposed to 0.2 mg/L Cd**, while chlorophyll-a content
per cell only 62.97% of the control group was found after 96 h exposed to upon 0.5 mg/L Cd**. A significant inhibition in the pho-
tosynthesis of C. raciborskii when cultured in the media containing upon 5 mg/L Cd**
ters, @Eo and 5o also showed a reduction by 15.35% and 13.52%. Moreover, the energy distribution of PSII, such as TR,/CS,,

and ET,/CS

, and as quantum yield distribution parame-

> was significantly decreased and DI,/CS,, did not markedly vary in algae cells. However, ABS/RC, TR/RC and
DI,/RC markedly increased in thylakoid, which significantly distinguished from treatments of 0.2, 0.5 and 1 mg/L Cd**. These
results suggested that the PSII reaction center was an important action site on the photosynthesis of C. raciborskii and the electron
transfer on the donor side was inhibited when exposed to high cadmium concentration of more than 5 mg/L. However, the damage
of photosynthetic structure might be protected and alleviated in C. raciborskii through the change of PSII energy distribution.
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Tab.1 Selected fluorescence parameters and their significance and calculation
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Fig.1 Growth rate( ., A)and Chl.a content (B) of Cylindrospermopsis raciborskii in 96 h-treatments

under different concentrations of Cd*
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Fig.2 Fast fluoresence transient curves( A)and chlorophyll fluorescence parameters(B) of Cylindrospermopsis
raciborskii after 96 h-culture at different cadmium concentrations
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Fig.3 Quantum yield distribution ratio of chlorophyll fluorescence in Cylindrospermopsis raciborskii treated with
different cadmium concentrations for 96 h( Performance index( A) ; Quantum yield(B) ; Energy parameters(C) )
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Fig.4 Energy pipeline of the PSII behavior of Cylindrospermopsis raciborskii; (A) and (B) were control group

and group treated by Cd* in algae model of Cylindrospermopsis raciborskii; (C) and (D) were control group

and group treated by Cd** in thylakoid membrance model of Cylindrospermopsis raciborskii
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W JFUEL(N) TR SEA TERETERL P ARSI 1 DF (s AR LRI PSIT S FC X it BE A4 4015 2, T
LA LR B PSIL SR Hts 5 A0 HL A 3 10 0 9 5 36 W97 WA 0 1 32 S 0 B 3 B St 4 WL
Pl S B R AR Cd™ (<1 mg/L) AbHRAT R JUAEALHE PSIT R b0 BEHE 5 PLy R 3h
71 DF BRI (P >0.05) . BEFF CA™ VREERIHIN, Py R DF o 3 HEBL T W 514 R 8, 78 20 mg/ L Ab 3
Alrh PLy AR EE TR IRLTR T T O( 18] 3A) , SR WIHUURE AL 36 BB S AL B R BB, e 30 R i 1 e T
¢Po @Fo Fl o FEBH T E WL T PSIL SZARMIAELL, 2 Cd™ KT 5 mg/L i, oo o 2 HH 3L T AR ELEE (1)
TRE(P <0.01) , L BLH T HE Rk E CA™ X PSIL 32 PR H 736 7= A T 3R A6, 6 PSIT 2 B SZ 3.
e PSIL SR CA™ bt i EZAE LA I, KT 5 mg/L Cd™ XHUEALEOE & 1R F BB A2 T AR 2 X
PSIT H1 TAZ 5% , A 2 A L S B0 O SO A A S SN 5 A . PSIL S 0 8 g i e 2
1 LA K 1A% 1 BE 57 BH AT BE S 00U L e A VR O™ A 3 7 A S
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3.3 Bl EREEES BN ZIE

B OR)E , PSIT DB ZM R i AL 45 S 0 (P68O) , fifl Ho 37 i & Ak T4 — M R A4 3
(P680 ) ,P680 * fRAFIE , W 32 W R 7= A 1 ¥, F- 15 3 45 P68O A2 A4 M iy 2 4% i 4% 3 (Pheo) , £E i P680”
Pheo™ , #8 )77 Pheo W HL FAE B LW RIERZ R (Q, ) R Z M ( Q) KRARER (PQ) 2. A A P680" 1] LA
P680 LA ZE B T, H- A B8 H,0 M2 . B A LM O e i 3 15 188 10 Rl ik, 38 A —
AT RE R AT IR FE L. BRI OL R, 207 i AU R O RE R T 185 QI (TR,/CS,) JFL
AL T B (ET,/CS, ) HFERL(DI,/CS,) RERHMIE g fasE ™. AHFSEh, Cd™ b H1 96 h ). 5%
B L, 78R T 5 mg/L AN v SR AF B4 0 AR 004 7 8 06 5 HLA4 U6 14 19 RC/CS,, (ABS/CS,, (TR, /CS,,
ET,/CS, #BH T 25 1 e, 1 B A i AR A ARE I (DL, /CS,, ) W AT 36 A ( &1 3C) . R MAB R B Cd™ i)
e 7t g oAy T AR M S N PO B T R, SR PR T AL R AR B Y RE A, T LA SR sl R A% 8 B 1 R
>, PSIT G216l B 35, R e T 16 52 CO, A T o fh g 42 i RE Rk 0, S i 2346 & 1R H
PEAR RPN EE R A R A I . (2 Maller 25 % BUFM 6 5 2082 PSIL R A OB AR, 2848 (nT LU a3 3%
ST A AT I S PO B D RE R R4 G REHE R . ARHIFSY v B 25 55 ik B A1, S0 6 98 B 35 4 i g
LI e & (ABS/RC) RGN (& 3C) . FJFPE O] B2 K i 8] DL S 2858 v v B 10 i Ak 8 U0 A 7l i PSTT
SN OB e, TR AR Rl S 3 B 0 o R A A T P S N D B T RE RS SR, DL IR B N O AE G IE H R
SRINT , Wi 22 1 SR 2 PSIL S ot FE 338 K, 5 & PSIL & AR e a5 8 58 45 & B R B g 94 1 ok 134
TG HE AOAE BB G 6 A HUM R 82 75 1 B0 T2 B E ™. R0 & B30 55 T O Al A 58 43 i 1
5 T 3E I ( Pyramidomonas sp.) 23k PSIT a4 [ FRVHRE S 8% T ik ROGREXDE ARG R E . A
TF 5% 22 PRFBLA: St BT 37 1 S P o W A 1 i 0 486 o 4y ) ek, BELAS7 355 41 2 7 v O A AR % ( DI, /RC) 36
PR BRI, 7R 10 mg/T Cd™ AbRIAF] 1 4 BEZH B9 228.2% . [R] BF 87 3% 1 s 07 R Co 4l 3K T8
7 Q(TR,/RC) (g5 3. FeMIIURETRME A T R Cd™ AR5 3, J0 4 0 1k 1 BT o0 I RE RE AL
RIS 7. DR, JOUA: 70 98 4 F I A T 50 0 e B A 3R 8 PP T, R R B A 2 B Y6 A 1 A AZ B, {EL PSTI
T A W B oD W G RE e & A= T WA S AR A, T A 106 1 A 2 I HR 0 R AR T B4 TR st 3 s 3 fm
RERITOERIE ARG ROERE(E 4).

HEYI A B SO CAVE I £ 2 U R A R AL : (1) Serest s , 2457 ATP Fl NADPH; (2)
A1 NADPH (38 J5 T3 1 ATP Ab2£REHEAT CO, B A . A1 PSIL L 144 18 16 410 fh 1SR F 0 1 38 23
ST AN TSR S 5 MR A 1 AR , M 1060 ' AP P . AR v , 204 404 70 < ] 32 1) e g ik & €™
ALBRET A BT RE L, B T AR AN TG RE A WOBCRITR B T B 0 R R (AR R R B 22 3 T A
PRI , {H 28 AR A% A A T S 7 r s DU S B A o) Y i A O AR 8 5 0 sl AGRE MU B 8 38 ( 1R 4)
T i RV 760 AT T SRS A 2 B S, AT A A 175 2 7 P 0 DA RE B4 R 194 77 =X, 30 8 it A A 27
BE. MM ARIIE S B8 SR 6 3 6 A AL A IE H Th B SR 52 R OGAE A0 E 3 43 I ] A 2 SO 10 3 X T4 5
JHpaE A 1o K | TR ARSI

TRUHE S R E RS RIS T3, Ab T YrhE i AR , 2 4 Jm TS e M R B K. AR ST
F MR T8 B s PSIT AYRE B/ O i B B O TR BE ) (181 4) AL AE g af A B R A0 4. X b
ARSI ) B EE B RO E R T KA RS R G, Fw g A, FRiE SR R, K&
ZHELBEHAFETHE, MEENLAEESE SHAFMBEAME, A3 AN FEELE SIEEMGEN
AR R A R RO R R, T R & W R AR R SERTF 9T S AU 7 3 7 36 [
KRB K A 253 I R A L ARG S BN e 0 o S 8 A (R T, L0
AENE IR H SR A B R m4maE 1 (B 1~ B 4) | B R U 9 36 K VR B 4 i 3 04 20 A Bk B — /2 1Y)
WAVER. MeAh A SR A R AL SN T GG PRI, (AR K AR 2 pH Vi Sl SE R B BRALFR AR i s, %
5 S EOTRR W) 4 S8 AR, R Wk — 2B S 7= A T R B 2 AR A s . TR, XK AR R 4 i B 3T AN
T R FDK IR IL AR AR i BT B fe A SR X 2 4 i i B R AR e .

4 &g

D) ARV Cd*™ (<0.2 mg/L) MAL S A K R4 R a A B, 1 Cd™ ¥k >0.5 mg/L B i 254
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il TR AR a (A BRHIE Cd™(>5 mg/L) il TR B R K

2) Ber e Cd™ (>5 mg/L) fifi PSIL AL S 1oy 0o Bk b, BELAS T PSIL SZ PR 0 iy 13 5 , 75 PSIL
B RE T R

3 ) DU 760 i o A 00 0 B SIS PR ey e 0, B A AT 9 R SO P 14 D) BE SR 2 i T < S R XD
AL 5473
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