R

(1.

2+
, Cu

HatigsE REPOATS

® BAR, Wt
, 266003; 2.
, 266061)

HE: AT MK %% Dunaliellasalina £ R B RAE# Cu® . Zn* . CA¥ F £ 48 & F Mid — ot 19 (24.
48.72 #= 96 h)/&, =t &4kF R AT A L., ME 49 £ 8 AH0R : PSTI 49 &K KL R4 2 (F/F,).
PSII #)# 42 7% W (F /F,). PSII 89 52 IR R AL #5402 E (Yield)., A3 A& F 4518 2 E (rETR). Ak F
R(qP)F=E K AL F R (NPQ). AR LEFEAW, 4 Cu’ RAEEE A 600~800 pumol/L B, ALK 2 349
Fy/Fm FJ/Fo. Yield. rETR #= qP 38 244K, NPQ LA RHMAE, & Mrant A eysE K, FhqP /£ 96 h
B BT ESRAR, &R SRR BRBT K, Zn A T Fy/F. Fy/Fo. Yield #= rETR ML & IR JE 84 38 Jo d &
1%, NPQ 4 F /& L7+, qP A Zn*" 3% B 58 B (800~3200 umol/L) F A B T i, MAMiant eyt k, %
RAAH B EK; CAP M TE L AR PR T, MEMANRSYEL, F/F,. FJ/F, A NPQ
£ THE EF, f£ 48 h Bk 5| B AKAE, Yield. tETR #= qP 392481k, £ 3 ELEETFTMAT, mREE
Faet G F A BT L L FEIK, RIE 3 A E 2R E T X35 RE(ECs), FHFMKADIAAFH Cu™ >
Cd* > zn*.

4. A K 2 E Dunaliellasalina; €4 &M ia; «t 4T %4
PESES: Q945.78 X#kFRIRAS: A X EHS: 1000-3096(2010)10-0038-11

(Yield) (qP)
s (NPQ) , (F\'/Fy' Yield qP )
(ECso)
Zn2+ Cd2+ [14,15]

[1~6]

(ECso)

72h 9% h

, 0.05~5.5 mol/L
NaCl (161

[17]
(LCSO) (SCZO) 5

[6~9]

ECSO LC50 >
( (Ecso),

:2008-12-10; :2009-03-12
«“ ” (2006BAD09A03);

8,10~13
[ 1 (200603)

PSII (Fy/Fp) : (1983-), ,

F,'/Fu'(PSIT
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U A

1.1 EAF
Dunaliella salina (MACC/
C43)

1.2 WMERFRARELBMA
3000 mL , f/2
18] 28, 25 =*1°C,pH
8.2, , 4000 Ix
250 mL ,
, Cu®* 0, 100, 200, 400, 600,
800 pmol/L ; Zn** 0, 200, 400, 600,
800, 1600, 3 200 pumol/L ; Cd** 0,
50, 100, 200, 400, 600, 800, 1000 pmol/L

>

(9x10*  /mL)

3 )
3~5 24,48, 72,
96 h , ( )

1.3 & FETHAL
Walz Water-PAM
(Walz, Effeltrich, Germany) ]
(F)

1.4 "TEHERESLGNE
Walz Water-PAM
(Walz, Effeltrich, Germany)

15 min
F./F. Yield rETR qP NPQ
,» Rk (Fum-Fo)/ Fo
Fo( ) (0.5 Ix) ,
(200 000 1x, 0.8 s)
Fin( )
1.5 ECso 8932
ECs, ’ [19,20]

1.6 %ito#r
SPSS11.5
2 £&X

21 EFAEMOMEREETEERLL
A

Cu2+
1 1 (D
, Cu?’ (Cu**
x )
(P<0.05), Cu*
FJ/Fn FJ/F, Yield rETR qP Cu*
( 2, ¥ 600~800
pmol/L,
(P<0.05),
,  Cu* 600~800 pmol/L
, FJ/Fn Fu/F, Yield rETR  NPQ ,
qP 96 h
Zn2+
2 1 (D
, Zn*' (Zn**
X )
(P<0.05), Zn*"
F/Fn F,F, Yield rETR qP  Zn*
( 2, zn” 800~3200
umol/L  , P ,
Zn* NPQ 702t
(P<0.05), ,
Cd2+
3 1 (D
, Cd* (cd*
x )
(P<0.05), cd*
F/Fn FJ/F, Yield rETR  Cd**
( 2), Ccd*
(P<0.05), . FJ/F.,
FJ/F, NPQ , 48 h ,
Yield rETR qP
3
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#1 ESEREFMMEMNENERERERALSE. HEZERMHEREXNIEZNHNEFHEDNER
Tab. 1 Summary of MANOVA on fluorescence parameters, cell density and relative chlorophyll content of D. salina
exposed to different heavy metals for different time

Fu/Fin F./F, Yield rETR qP NPQ
cu? F 43276.070 5909.403 10420.860 12734.990 1864.316 58.985 701.341 1158.492
109.500 70.461 18.476 25.530 27.155 10.627 297.177 301.011
X 14.866 31.798 13.253 15.133 28.092 1.869 106.472 186.183
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
X <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Zn* F 4221.954 5473.196 1827.108 7637.280 76.265 79.119 629.274 1764.044
306.208 319.204 61.168 230.967 4.555 29.843 433.678 502.569
X 23.710 40.127 11.663 43.939 8.447 6.975 134.660 318.341
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
X <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
cd* F 1193.987 1319.83 1008.485 1027.408 45.423 11.972 662.125 2843.333
241.586 287.645 300.976 305.856 32.626 64.149 459.041 631.422
X 40.871 40.538 53.439 54.095 11.508 3.843 132.230 516.541
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
X <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

3 (P<0.05), ,
,  Cu* zn* cd” (24~96 h), , ( 4), Cu*
(FJ/Fn FJF, Yield rETR) Zn*" Ccd* 9% h

2.60%, 2.75%, 1.98%

: 23 ELEMUENHKEETEZELSEY

(Cu2+ Zn2* Cd2+)
1~3 1
qP NPQ ’
22 T4 BMbiA ALK S R 8 (<005, 3
(Cu2+ Zn2* Cd2+) 2
1~3 1 , 2
, ,  Cu* ozn* cd” (24~96 h),
; 3
(P<0.05), 3 , ,
2
, 2 ,  Cu* (P<0.05), , ,
Zn*" Ccd* (24~96 h), 3 ( 4, Cu”
, Zn*" Ccd* 96 h

B

) 0.11%, 1.21%, 0.52%
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2.4 ECs
4 3
(Fv/Fm
ECs
(Cu2+ Zn2* Cd2+)
Cu2+

pmol/L), Cu
Zn** ECso (315.864~990.376
FJ/F, Yield ) umol/L), Zn*' Cd**
5 i (ECsp  24.595~918.333 pmol/L) , 3
EC50 Cu2+ >Cd2+ >

ECsy, (23.616~506.991  Zn°'
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[24]
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£2 HERZEHFRRASH. ARTEERMEZRAMESES Cu™', Zn”. CAREMNBEXRE
Tab. 2 The correlation coefficient of chlorophyll fluorescence parameters, cell density and relative chlorophyll content
of D. salina with concentrations of Cu**, Zn?>* and Cd**

(h) Cu2+ Zn2+ Cd2+

24 F./Fn —0.740%* —0.862%* —0.983**
F./F, —0.787** —0.775%* —0.985%*
Yield —0.746** —0.873%* —0.989%**
rETR -0.746** —0.872%* —0.989%**
qP —0.716** —0.559%* —0.977**
NPQ —0.498* 0.761%* —0.918**
—0.922%* —0.681%** —0.751%**
-0.970%* —0.730%* —0.948%*
48 F./Fn —0.743%* —0.811%* —0.987%*
F./F, —0.792%* —0.733%* —0.968**
Yield —0.747** —0.813** —0.991%**
rETR —0.747** —0.813** —0.991%**
qP —0.711%* —0.798%** —0.979%*
NPQ —0.453 0.585%* —0.742%*
-0.906** —0.717** —0.885%*
—0.542* —0.711%* —0.924%**
72 F./Fmn -0.746** —0.771%* —0.958**
F./F, —0.804%** —0.713%* —0.938**
Yield —0.743%* —0.766** -0.919%**
rETR —0.741%** —0.801%** —0.920%*

qP -0.701%** —0.974%* —0.508*

NPQ -0.515* 0.775%* -0.278
—0.813** —0.671** —0.844%**
—0.793** —0.633** —0.843**
96 F./Fn -0.767** —0.781%** —0.915%*
F./F, —0.851%** —0.696** —0.852%%*
Yield —0.749%** —0.810%* —0.743%*
rETR —0.748%** —0.811%* —0.746**

qP —0.656** —0.934%* -0.013

NPQ —0.756** 0.841%* —-0.034
—0.788%** —0.681** —0.817**
—0.729%* —0.641%* —0.725%*

DRk (P<0.01); * (P<0.05)
( ( )
ECso ECso )
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) (Fv/Fm F/F,
Yield rETR)
[32.33]
F./Fn F./F, Yield rETR ,
, (Cu* ,
Zn2+ Cd2+) , ,

*3 HRAREHZIXASHEMZZENSESHEZEEMEXRY
Tab. 3 The correlation coefficient of chlorophyll fluorescence parameters and relative chlorophyll content of D. salina
with cell density

(h) Cu2+ Zn2+ Cd2+
24 F./Fn 0.796** 0.768%* 0.721%**
F./F, 0.835%* 0.707%* 0.782%*
Yield 0.808** 0.763%* 0.750%*
rETR 0.808** 0.762%* 0.750%*
qP 0.783%** 0.215 0.760%**
NPQ 0.552% —0.506* 0.770%*
0.974** 0.656%* 0.812%%*
48 F./Fn 0.592%* 0.933%* 0.840%**
F./F, 0.678** 0.962%* 0.899%**
Yield 0.596%* 0.931%* 0.869%*
rETR 0.596%* 0.930%* 0.868%*
qP 0.548* 0.423 0.855%*
NPQ 0.418 —0.725%* 0.778%*
0.742%* 0.968%* 0.982%**
72 F./Fn 0.519% 0.940%* 0.822%*
F./F, 0.645%* 0.968%* 0.881%**
Yield 0.527* 0.917%* 0.828%*
rETR 0.523* 0.925%* 0.827%*%*
qP 0.450 0.546* 0.585%*

NPQ 0.162 —0.151 0.466*
0.992%*%* 0.974%* 0.991%**
96 F./Fn 0.502* 0.948%* 0.795%*
F./F, 0.710%* 0.973%* 0.867**
Yield 0.489% 0.931%* 0.799%*
rETR 0.488* 0.931%* 0.802%*

qP 0.353 0.508* 0.343

NPQ 0.515% -0.220 0.136
0.994** 0.995%* 0.971%**

ok (P<0.01); * (P<0.05)

Marine Sciences / Vol. 34, No. 10 /2010 45



HRRE REORTS

£4 TREIRE Cu™. Zn*. CA™KLIP 24,48, 72,96 h f5, #H KRR M AR £ AN 42 RAE 3T & 24833 T 33 BR4EAY tL 151
Tab. 4 Cell density and chlorophyll content of D. salina (% control) after 24, 48, 72 and 96 h of Cu®**, Zn** and Cd**

treatment
(%)
(pmol/L) 24 h 48 h
/( /mL) /( /mL)

Cu** 100 74.23 80.50 56.40 57.04
200 66.33 69.74 44.99 46.25
400 92.09 64.66 48.01 48.34
600 49.74 44.83 22.61 31.09
800 22.45 11.06 6.57 2.05

Zn* 200 110.80 87.28 118.15 96.56
400 99.99 76.83 70.15 53.65
600 97.60 71.31 39.38 39.72
800 92.40 56.20 27.69 28.79
1600 81.60 52.36 26.77 24.09
3200 84.00 54.89 18.77 21.74

cd** 50 89.52 92.58 69.07 82.27
100 88.57 96.72 77.97 77.24
200 81.90 75.79 47.03 54.33
400 64.76 64.46 25.42 30.07
600 65.71 57.72 16.95 22.53
800 60.95 50.80 15.68 16.21
1000 68.57 47.76 13.14 13.17

(%)
(pmol/L) 72 h 96 h
/( /mL) /( /mL)

Cu? 100 34.21 32.01 33.79 23.29
200 3591 27.66 26.83 19.99
400 28.05 22.22 19.83 15.50
600 13.21 12.76 9.95 7.91
800 3.84 0.31 2.60 0.11

Zn* 200 104.40 122.79 87.73 85.25
400 55.69 43.56 47.25 37.25
600 16.09 12.38 12.94 5.29
800 10.93 6.66 7.51 2.00
1600 10.47 5.28 5.01 1.21
3200 6.98 4.26 2.75 1.29

cd** 50 66.79 55.28 58.31 37.41
100 51.21 48.17 47.57 30.59
200 31.35 33.70 25.42 18.33
400 12.43 13.52 9.60 5.80
600 5.75 6.55 3.67 2.14
800 3.71 2.63 2.26 0.70
1000 3.53 1.92 1.98 0.52
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¥} £ 8)H ECsy (nmol/L)

R BRERAESE(F,/Fu F/F,. Yield. H4E&1H

Tab.5 ECs¢(numol/L) for the chlorophyll fluorescence parameters (F,/F,, F,/F,, Yield and relative chlorophyll content)
of D. salina after 24, 48, 72 and 96 h of Cu?*, Zn** and Cd*" treatments

[10]

[11]

(h) F./Fmn F./F, Yield

Cu** 24 Nr Nr Nr 506.991
48 Nr Nr Nr 160.14
72 Nr Nr Nr 34.293
96 Nr Nr Nr 23.616

Zn** 24 990.376 578.362 824.328 Nr
48 674.994 476.541 638.999 445.656
72 592.243 429.240 562.860 399.393
96 579.162 315.864 555.776 328.322

ca* 24 Nr 648.933 Nr 874.984
48 767.008 427.76 637.089 24.595
72 Nr 550.681 875.387 76.226
96 Nr 605.062 918.333 25.345

: Nr
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, 4
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[J1. ,2002, 8(4):
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Effects of heavy metal exposure on the growth and chloro-
phyll fluorescence of Dunaliella salina

WANG Shuai'?, LIANG Ying', FENG Li-xia, TIAN Chuan-yuan®

(1. The Key Laboratory of Mariculture of Ministry of Education, Ocean University of China, Qingdao
266003,China; 2. The Key Laboratory of Marine Bioactive Substances, The First Institute of Oceanography,
SOA, Qingdao 266061,China)

Received: Dec., 10, 2008
Key words: Dunaliella salina ;heavy metal stress; chlorophyll fluorescence

Abstract: The modulate chlorophyll fluorescence kinetics of Dunaliella salina under different concentrations of heavy
metals (Cu®", Zn>", Cd*") and different durations (24, 48, 72 and 96 h) were investigated. The main parameters deter-
mined in the present study included the maximal photochemical efficiency of PSII (F,/F,,), the potential activity of PSII
(F./F,), the actual photochemical efficiency of PSII in the light (Yield), the relative electron transport rate (rETR), the
photochemical quenching (qP), and the non-photochemical quenching (NPQ). The results showed that the parameters of
D. salina F,/F,, F,/F,, Yield, rETR and gP reduced markedly at 600~800 pmol/L by Cu®', NPQ first decreased then in-
creased, and declined at 400 umol/L again. The changed degree of the parameters all reduced with the increasing expo-
sure time except qP rose at 96 h; F,/F,,, F,/F,, Yield and rETR reduced under toxic effect by Zn*, NPQ first decreased
then increased, qP declined clearly just at 800~3200 pmol/L by Zn*’, the parameters all decreased with the increasing
exposure time; all of the parameters reduced under toxic effect by Cd*', Fy/F,, F./F, and NPQ first decreased then in-
creased with the increasing exposure time, the data reach to the lowest at 48 h, Yield, rETR and qP decreased all the time.
The cell density and chlorophyll content were also decreased under heavy metal stress. The ECs, values indicated that the
toxicities followed the order of Cu®* >Cd*" >Zn*".
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