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11 CEMKIR

A#EFACHB-359 (Chlamydomonas reinhardtii)-
FACHB-52 (Chlamydomonas microsphaera). FAC-
HB-333 (Chlamydomonas sp.)~ FACHB-889 (Chlam-
ydomonas sp.)~ FACHB-264(Chlamydomonas euga-
metos)~ FACHB-2081 (Chlamydomonas noctigama)-
FACHB-1741 (Chlamydomonas sp.)» FACHB-2222
(Chlamydomonasreinhardtii)~ FACHB-2217(Chlam-
ydomonas reinhardtii). FACHB-2218 (Chlamydomo-
nasreinhardtii). FACHB-2219(Chlamydomonasrein-
hardtit) ) KVFT o B R e % /K 35 PE (Freshwater
Algae Culture Collection at the Institute of Hydro-
biology, fiifk FACHB)
12 TEBEFIRORELE

CATAPR; FR MR RISER: FR UL I 1 LR A AF Jy B
FE, 5 TR R v R K R v A B R S ) A E
250 mLAHEFZI, BHIL2 32 150 mL; BRI 4)
UR VKR FE Aggo am 90.1. 4H I 7E TAPHSE K5 973 A K
FISHOY, 752500 r/min T 2503 minSUREEANH, HITCH
IKIEGEIURIG, 70 A B AN R R L RHET R

FE bR 55 IR BBl I N OR B AR D Ab B
Y, 4G M RIOR I HRRRR AE S g 45 R, W E
KBTI N0.005. 0.05. 0.5, 1. 2. 418 mg/L,
DAANTR IR B 55 TR0 R A . A b PR B 34
B BRI S IR R T, BB R
F IR BE25°C, 6 B 38 B (2045) pmol/(m’s), 7E %
150 r/minffI 8% PR LT AL IKEE 7 BEALAZ T
AL E AR DR Y 21 5201, G I (8] 996h.

BERAE [ T I 18] BURURE, A T4 70 D6 BE v
(UV-1780, Shimadzu)7E 680 nmAb il 52 1% 7% W W
JCREAE, BERE24hI— K.
1.3 GEXRM MR IR

HY 7881 mL, AR 4% 503k i) Lichtenthaler /5 y4 i
470058 4 FKar B B 12000 r/minks 4
3min, 3 i, I J0 TR K B840 200 J5 B 045 3 3T
VE, AT mL P 4 BROOMY i 4 Bk, TBON 4 i 4
VRS SRR R BB A i LT 45 °C K v v gk
Y0 B 30min. 12000 r/min % C>3min, B i, #EE
I il £/ A7 24hJ >R F 58 4k 23 0l Ot FE it (UV-1780,
Shimadzu)Wll & #: 41 ffL 7£.666 653 F1470 nmAik [T W
el AT AR R SRS E:
Chl.a (mg/L)=15.65444c~7.34A¢s3. #& T M2k R ats
B UH S RO U FE (ECsp), ECso B MR A R

Chl.a ~ &} i) He” W, ECsoifi i Originth 4
AL [V G2 4R LB TH AT, DL ECsofE N TF
W /NEREENS SR 52 M 1R E B AR A
14 MRIRATFEMENDH

R B Ab BE 24 R SR A 455 X Aqua PenfX
7% (AP-C 100, Darsov, i 70 )il & M- 23 25 9% St 5t A8
(PR AMOITPH £8). BN 2 mIL3E ik T bb €8 0L A B 33 3
20min/&, 8 Z06AE ST, K I & TNk i
#40.009 pmol/(m”s), LRI 2100 pmol/(m’s),
64k 400 pmol/(m’-s). FTIE FIJIPIIR Yo & 5
FR AR W THR[20—22]
15 Sitoth

BHE it o M 344 N SPSS 25.0 (IBM, USA),
AH 5% #h 26 B 1 Origin 2021 3E4T 40 & 5K F 3k 47 .
F T 2 43 HT (One-way ANOVA)KG: 56; 4k 241 7] )
ZE S RN, BEMHIKN0.05 (P<0.05).

2 %R

21 £KIER

X RRALAH L, BT AR A K — 8 b
FEH VR BRI K% He A R A 42 K, Lo AR K5 2%
B, oAb EE RN A AT T Sk R A
b, (R 9K FE HE™ (<0.05 mg/L)%H 41 ffa 4 K B fie ik
TEF . BEkEEHE (>2 mg/L)Ab B &4 T 35 AR
K dmdl 2t T I R, o H 2 4F18 mg/L
Hg Rb B A K B 52 ) 1E FH (P<0.05; 14 1),
22 BESE

50 B AL B, W H R I I, 4 Katy
B3 L. 0.005510.05 mg/L Hg” 4k
HHA R e S RN, 24Hg” WK T mg/LI,
M4t Ra & R SHRAM A B3 R %(P<0.05; F 2).

%5t 24h BT 5, WG RKad B A HS WK
FEE P38 T S5 2 R B (P<0.05); 1 I 3T, Hoe,
FACHB-2217%F Hg” I i 52 74 &% 3%, J& ECsoi 15
2.848 mg/L, FACHB-889 I Hg’ i} %% 1t 5 55, Ft
ECso 1 N0.762 mg/Lo AR 7R i 32 14 (24hECs -
Chl.a): FACHB-2217>FACHB-2218>FACHB-2219>
FACHB-2222>FACHB-359>FACHB-333>FACHB-
52>FACHB-1741>FACHB-2081>FACHB-264>
FACHB-889.
23 Hg MM EERHIESNHF %0

B 5 2% 52 N [A) S K, (IR FE AL FE (<1 mg/L) 1)
OJIP 3% A W A1k, A BEFACHB-889 1k,
TEHG WEE N1 mg/LINT, T & Xt B4, (H ik
Ji£ 4k B0 2H (Hg” K 9418 mg/L)T A 4K # ) OJIP
<k JLT- ¥ N B2 (E 4).
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2.4 Hg '3 Z G I (PS IT) S s F 42 44 55 1
0

T TP 5 7 A 5 9k 2 Hg™ b B 4 fry A¢
EDGE S H. R SafiR, FEIGREE A Fr 2] (Hg
W FE /N T-0.05 mg/L) Hg 77 & 19 38 I i w6 2 3%

SIE(P>0.05). 75 B EEAL IR (HE W K T2 mg/
L) Hg 71 & (¥ 5 i1 5 B w, Jr 38 I (P<0.05). B %
Hg” ¥k F2 1 111, FACHB-8891) W, 1. 2% $# Ji11(P<0.05),
FEHE R £ 90.5 mg/Li, FACHB-889 W, 2. 2 1t
M(P<0.05), 7EHg” W i 58 mg/LES, FACHB-889/1]

1.5 ¢ 1.5 ¢ b 1.5 ¢ c
1.0 1.0 1.0
0.5 0.5 t 05 r
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3 3
0.5 0.5
L L
0 24 48 72 96 0 24 48 72 96 0 24 48 72 96
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it ] Time (h) i ] Time (h) f [A] Time (h)
1.5 1.
J
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——8 mg/L
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B ARV HE B 37 L URACHE A 2 1 2%

Fig. 1 Growth curves of 11 species of Chlamydomonas are cultured at different Hg2+ concentrations
a—k7r 7 f{ & FACHB-2217. FACHB-2218. FACHB-2219. FACHB-2222. FACHB-359. FACHB-333. FACHB-52. FACHB-
1741, FACHB-2081. FACHB-264HIFACHB-889; i+ T4 [, Hifit sl AR AR AL B TR 934 8 B SC06 10 V34 T ]
a—k stands for FACHB-2217, FACHB-2218, FACHB-2219, FACHB-2222, FACHB-359, FACHB-333, FACHB-52, FACHB-1741,
FACHB-2081, FACHB-264, and FACHB-889 respectively; For all plots, the data points represent the average of the three replicates for each
independent culture; the same applies below
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0.005 mg/L

mg/L

-2 Z%a % & Chlorophyll a concent (mg/L)

0.05 mg/L

4 mg/L

0.5 mg/L
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——FACHB-2217
——FACHB-2218
10 - .~ FACHB-2219
——FACHB-2222
g L —+ FACHB-359
—FACHB-333
—+ FACHB-52
6 F  —FACHB-1741
—+FACHB-2081
4 L~ FACHB-264
——FACHB-889

¢ )& Concentration (mg/L)

1 1 1 1 1
0 20 40 60 80 100
= Inhibition rate (%)

Bl 3 AR HG IR0 T R SIS A AR L
Fig. 3 Changes in inhibition rates of 11 species of Chlamy-
domonas cultured at different Hg2+ concentrations

aFh4R-5 Algae No.
2 AR EEHg" We FAREM 4 Fatr B2
Fig.2 Changes in chlorophyll a content under different concentrations of Hg2+ stress
FREAFRZROR A — I (R 24 S B 4 2 (M 22 5 2 2 T )

Values with the same letters are not significantly different at the same time; the same applies below

WS INxf R ZH 1) 44915 .

U ST, TR AR R B A B8 4 (HG VR BE /N T
0.05 mg/L) Hg 7l 18 0 i V0 M, T & 3 8 i
(P>0.05). 7E & W B b #120 (Hg” WK % K T2 mg/L)
Hg” 71 & (484 i i 5 5% VM, 225 1 I1(P<0.05)
FEHg™ 50.005510.05 mg/LI, y Fl OE, T 535751k
(P>0.05), 1My fl PE 6% Hg 7 & (¥ 38 b iff 2 F
B 34(P<0.05),
2.5 Hg &8 HEAIENT

FEA R B H A B 2405, 4K 3 B0 A7 T AR 11
BeESHURAE T AR, S REZEAR L, ZEHG™
WIE>1 mg/LALFEAL Fh, FACHB-2217 B A [ FH i 4
SR (RC/CS,), AT 52 ' 285 1T W UL ) g =
(ABS/CS,,)~ A2k 3R T 15 1 Re
E(ET,/CSy)s A2 EEH IR T IR IR QA1 g
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5 (TR/CS ) A 5L 52 A THI A Y e 5 (D1,/CS,y)
E IR TR (P<0.05), 7EHE R 42 mg/L
i, ABS/CS,,« ET,/CS,~ TR,/CS,. DI /CS, 7 5
Fo G 25 56F 1R 4 1 95.5% 94.7%-  96.1%K1196.8%
(P<0.05). HFACHB-8891fi 7, ABS/CS,,» ET,/CS,,
TR,/CS,,« DI,/CS,,7F Hg’<0.5 mg/LAb 3 4 75 14,
AR, 161 mg/L Hg A4 1, RC/CS,. ABS/
CS,,« ET/CS,,~ TR,/CS,,~ DI /CS, 7 XA

f913.2%. 19.2%. 14.3%. 13.3%%137.8% (P<0.05),
F B AL BV FE R 0 2 83 R AR 6 R 1),

A HEPS T1 A ¥7% M S 97 Hp O (1) BL i P S 8 5
B L It H VR P 1 00 T T v O #a % . BEFACHB-
22171 5, SXH A, 2 mg/LIYAb#4H H, #fr
S U IR G BE(ABS/RC) AT Sz N A O 4l
R T B AL 3 1 RE 2 (ET/RC)  FRAL I v
DA IR I8 IR QA RE & (TR /RC) 2 HLAL [ B H

o - Q - [} .
g 1.5 a g 1.5 b g 1.5 c
Q Q (]
2 2 2
=5 1.0 # g 1.0 5 10 }
g V[ aewe B U [ et ma ]
R R R 2 :
o ' K K8
= - = - - -
%go.s g«;o.s Ego.s-_
5 o o .
g R g J— % | S
O © ©
£ 0 - & 0 - £ 0 T IR
10° 10* 102 102 10! 10° 10° 10* 102 102 10" 10° 10° 10* 102 102 10" 10°
[} 1] Time (s) [} ] Time (s) [} [A] Time (s)
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= d 2 e 1 f
(5 Q (5]
Q Q Q
i 5 5 B g
2 1.0 [ .oonmtanees g LO | ecisaew 2 1.0 [ nxveses
%.—3 @ _§R‘J K> O i '%i o .
i[_-% g . s :}g F.é . i[f g :
ES05 ¢t X So05 X E05 ¢t
= = =
.ii Rl .ii ;;;'_"'_""_S .ié . ——
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= g 2 h 2 i
[ Q (5]
Q Q
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23 RET | 22 |-
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> > >
§ -'_ g ‘ﬁ_ E lu’
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4 RRVRIEHG 3911 VR AT 538 563 172 M 2
Fig. 4 Fast fluorescence transient curves of 11 Chlamydomonas cultured at different Hg2+ concentrations
a—k. FACHB-2217. FACHB-2218. FACHB-2219. FACHB-2222. FACHB-359. FACHB-333. FACHB-52. FACHB-1741. FACHB-

2081, FACHB-264#IFACHB-889
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0
. 30.005 mg/L
4 b o i roreen ot e v v 0.05 mg/L
@O o oY P Qﬁ’q Q},@N' o R Q;F‘ & 0.5 mg/L
&I I IS
QV’Q\&CQ\&&@’&@Q'@Q ‘:“b&&@&@& o éﬁgli
R 5 Algae No. Ema mg/L
B3 8 mg/L

N > Q ‘bfb
F K & £
Q?V < Q?*Q Q?’Q QY' QVV
HEFh 25 Algae No.

BRI a5 Algae No.
1.00 d 1.0
0.8
0.75
0.6
LY3:0.50 S
s 04
0.25
0.2
q,\'\ o 0 'q;?%g? Qvﬁé o ® /Qoo\%g,@%%@ :9,\’\ o o0 &%”'Q)b@ Q;;?’ Qg;?’ R /Q%\Q:»‘Ob‘%%’@
T IS F & TS S T IS § G S
PAMER AP A P ¥ <Y < T <Y ¥ <Y T Y Y kY ¥ <Y < PR o ¥ <Y
P gm-5 Algae No. R g5 Algae No.

5 RFHE W 552 J5 PSR M FIPSIIZ A e 4 2 Kt A8 4k
Fig. 5 Changes in photosynthetic parameters on the PSII donor side and PSII receptor side after exposure at different th concentrations
af AR 16 A VE s b—e RIS AR KL AT 1 W RRPS T MOECHIRAS, ViFRQ, B R RIS ML 38 %, MR R QAN
B, g E SR RE L T H AR B B 17, v B SOSH Ol SR KDERE AT Q. T i L A% I 1 2 17
a indicates the donor-side photosynthetic activity; b-e indicates the acceptor-side photosynthetic activity; W indicates the state of the OEC in
PSII, ¥} indicates the accumulation and reoxidation rate of Q, M, indicates the rate of reduction of Q,, ¢E, indicates the quantum yield of
absorbed energy for electron transfer, vy, indicates the quantum yield of light energy captured by the reaction center for Q, downstream

electron transfer
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Oy FEHL) At & (DI/RC)E 2 1 i1 (P<0.05); fE4F18
mg/L Zb#EZH 4, ABS/RC. ET/RC. TR/RC. DI/
RC &1 1(P<0.05). #FACHB-8897 =, 7£ He'
W <1 mg/LAb E 41 ', ABS/RC. ET/RC. TR/
RC. DI /RC ifi % Hg” ¥ & () 58 n i 389 K 76 Hg™'
W JE>1 mg/LALFEZH b, ABS/RCH % Ha™ Vi JiF (1 14
I 3% K, i TR/RC. DI/RCH B8 % Hg™ W FE 1
BN IN A 2 kN (P<0.05)
3 Tig
31 Hg ' SREE KIS

RN 2 1) 75 1 AR, — MR B AR IR 3
WA B S AT TR E T 1R A 30 ok

(i 52 M, AT 4 o = 2% RO W 32 M (FACHB-
2217, 2218+ 2219812222). &5 12 E(FACHB-

359. 333. S2M11741)F1 % % 1 i %2 P (FACHB-
2081, 264H1889). 7k B I £E A [A] 3 #k 1] 72 7 1R
Ko KRHFFRIM, He' W EE /N T 1 mg/LI, %4 5
f) 7 2 20BN, 7E0.005510.05 mg/L Hg” I Agg,
W5 v TR HRZHL, SRR AHMIRIR FE R B — 2 1)
iy 52 14, [] BN 9,3 BRI IR FE R R i A 1 AR K B
—E MR RAEH . R FR IR E N4 A8 mg/LIs, &K
FE 1) Aggo it D, R Z R INH] . PaEHES
X35 33 7 11 K 8 (Alexandrium tamarens)FHE IR
7 20 (Scrippsiella trochoidea) VA ¢ F. 3T ik % £ Bk
FE(Palmellococcus sp.) 17K B 1% RN B FL AR BH T
BRI He ooh 28 A K B e N ik
A0 L AR WU 2 A BT ) AU e AR KO R A

IR e P ek B P A G R 1 32 2 TR 2 2 A
B EAR B R g = R M-SR SHERNE

a ABS/RC —u—( b ABS/RC )
i 33882;0 ~e—0.005 mg/L iéggggj —e—0.005 mg/L
o —4-0.05 mg/L ° —4-0.05 mg/L
ET,/CS, 20007 DI/RC oS mg/gL ET,/CS, 8000% DI/RC s mg;gL

1 mg/L 6000% 1 mg/L

2 mg/L 4000% / 2 mg/L
——4 mg/L ——4mg/L
—o—8 mg/L 3 —o—8 mg/L

TR,/CS,, TR/RC TR,/CS,, \ TR/RC

ET,/RC

DIo/CS,,

ABS/CS,

DI/CS,, ET,/RC

ABS/CS,,

6 AFEIHg WX A LA 1l ik 2 M B
Fig. 6  Effect of different Hg2+ concentrations on specific activity energy parameters of Chlamydomonas

aflibsy 7 fEFRFACHB-2217f1FACHB-889; ABS/RCH 7~ HL A7 J W 0 I L ) 6 g DI/RC s BT [ B H O FE BT e &5 TR/RC
TN B SN O SR T8 SR QA R AE B ET/RCEEIR B AL S B Lo R T B T A% R AE B ABS/CS,, 3R Bhr 32 e T
W fAE B DI/CS,, 37 AL AR I FE R A BE 55 TR/CS,, 7 AL OB I A H T2 IR QAR RE B ET/CS,, %R B 32 e i 17
P T T EER R

a and b represent FACHB-2217 and FACHB-889, respectively; ABS/RC indicates the light energy absorbed per reaction center; DI /RC
indicates the energy dissipated per reaction center; TR /RC indicates the energy captured per reaction center for the reduction of Q,; ET,/RC
indicates the energy captured per unit reaction center for electron transfer; ABS/CS,, indicates the energy absorbed per unit of light receiv-
ing cross section; DI /CS,, indicates the energy dissipated per unit of light received cross section; TR /CS,, indicates the energy captured per
unit light-receiving cross section for Q, reduction; ET,/CS,, indicates the energy captured for electron transfer per unit light-receiving cross

section
®1 TEAHg RERBRREYOEFEHENL
Tab. 1 Changes in reaction center density after exposure at different Hg2+ concentrations (RC/CSo)
TN ¥ & Concentration (mg/L)
Algae number 0 0.005 0.05 0.5 1 2 4 8
FACHB 23021119+ 22133.969+  21924.927+  21835.076+  21421.918+  16466.723+  14.183+  10.115+
-2217 232.537" 470.998" 259.492° 525.614" 467.696" 2326.579 1.163° 2.84°
FACHB 20117.67+ 20041.95 20544.755+  20563.941+ 2654.183+ 24.788+ 20.38+ 15.295+
-889 311.455° 24229.019° 199.27 143.53 203.988° 2.113 0.189 2.039

T R P AN EE R B AT ARG B A E A A RSO B BT B RR E R AR E (P=0.05); T IH
Note: Data are means of triplicates. Means in each bar sharing the same superscript letter or absence of superscripts are not signifi-
cantly different determined by Tukey’s test (P=0.05), the same applies below
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COMPARATIVE OF PHOTOSYNTHESIS OF DIFFERENT CHLAMYDOMONAS
REINHARDTII IN RESPONSE TO MERCURY STRESS

XIA Yi-Xue"?, Al Xiao-Han"?, ZHU Fei-Xia"’ and BI Yong-Hong'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Fisheries &
Life Science, Dalian Ocean University, Dalian 116023, China)

Abstract: Algal growth and photosynthesis are susceptible to Hg stress. To screen for Hg-tolerant Chlamydomonas
reinhardtii strains, the growth, chlorophyll a content, and chlorophyll fluorescence activity of 11 Chlamydomonas rein-
hardtii strains were compared at different Hg concentrations. The results showed a significant decrease in chlorophyll a
content d and inhibited growth as mercury ion concentration increased. Parameters such as V; and M,, increased rapidly,
while y, and ¢E, decreased rapidly. It indicated a disruption in the electron transfer between the donor and acceptor
side of the photosynthesis system II (PSII) reaction center, leading to inhibition of photosynthetic activity. Among the
11 Chlamydomonas reinhardtii strains, Chlamydomonas reinhardtii FACHB-889 displayed the lowest tolerance to Hg
(ECs of 0.762 mg/L), whereas Chlamydomonas reinhardtii FACHB-2217 demonstrated the highest tolerant (ECs, of
2.848 mg/L). Under low mercury concentration stress (<0.5 mg/L), PSII activity of Chlamydomonas reinhardtii
FACHB-889 was significantly reduced compared to the control ( P <0.05), and there was no significant difference in
the activity of photosynthetic system II (PSII) of Chlamydomonas reinhardtii FACHB-2217. Under high mercury
concentration stress (>1.0 mg/L), Chlamydomonas reinhardtii FACHB-889 inhibited photosynthetic activity, with a
notable decrease in the number of active reaction centers per unit area (P<0.05). This resulted in the inefficient utiliza-
tion of absorbed energy by photosynthesis, leading to abnormal energy accumulation and cell inactivation or death. In
contrast, Chlamydomonas reinhardtii FACHB-2217 showed a significant increase in energy absorbed (ABS/RC),
energy used for Q4 reduction (TR,/RC), and energy used for electron transfer (ET,/RC) in the active unit reaction
centers (URCs), and the cells were able to efficiently convert the absorbed energy through the increased photosynthetic
capacity of active URCs. energy and eliminating the negative effects of partial reaction center inactivation. The study
suggests that differences in photosynthetic activity and energy partitioning are important factors in the sensitivity/tole-
rance of Chlamydomonas reinhardtii to Hg.

Key words: Mercury; Photosystem II; Toxic effects; Chlamydomonas reinhardtii
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