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VIR (2 BRI R K I AE S RS II L
A prRE, Woae BT G IE YR R R R IR
HEZRUEMEYEEEREWEKEES RGNS
fAnshae™ . HOKZ B s M fe e AR ]
FE AT RS USSR o ISR, BERAE /KA
RNV O 2 B T oK 22 A PEAN FIBR 85 35 s
Yk sp ", 238 /NERIE(Chlorella vulgaris) &%k
#:171(Chorophyta), /NEK7 F(Chlorellaceae), /NEK
J&(Chlorella), 7345 iz, Al K& BHE Y MK AE,
' B RUAKEP TR A, R AR EE N
Z g R T AT DL S8 /N BR EE(Chlo-
rella vulgaris){E 92 iRAEW, FIFAS Wl T8
NERFEIBER BE . Chla. PUEALERTEVE . WS IEH
H HEE SR bR 1A L R, 87 B AL R IR Bt 3 /)N
ERIEAEAS” FRBE R IE b A B A A R R, B AR
TUH 5 8 Asi5 B0 KA A Y BB A FH LML B 42
IS, K E SR G RMEE b E
AR BE bR AL SR (L BE Al 28, 2k T SR /KA S &
G AR R SR

1 #RERE

1.1 SEIe#Rl

FEFh: L E /NEKISE(Chlorella vulgaris, FACHB-
2338)) [ 1 [ A} 2 Bt K A AR M0 ST FIT vk 7K S8 o
(FACHB-Collection).

As’ FRUE R (1000 mg/L) [ 1k 5747 58 5 ks B
F A BR 2 71 HoAth k7735 R 7 pr 4k
1.2 EME

W SE/NERFEAEBG LR FR 3 15 9%, IR A8 618
B3R M (GZX-250BSH-1I1, b ifF37 14 297 2 bkl i
AIRAR )R FATY RIE IR, B &M RERN
(25+1)°C, JEHEEE A 12h 112h, Y658 95000—8000 1x,
TERPEANIG FRMI—4IR, BFRR1—2 e, ek
ARSI fERA SRR, AT K
B AL
1.3 HNEx T EESMERE

W B FERE MO IR, 0.1, 0.5, 1. 1.5
A2 mg/Lo e HUAL T X AR K H 1 5 8 /)N K 8 35
W, B 03000xg K B0 15min, 2518 /K B8, HEO,
3R, 2 R G 2 T P 855 R R IR, R R
WARR 9100 mL, HIHGTE S 91x10° cells/mL(#]
Ufideg0=0.122), HHEINEL, G RIENHE TN
3—4k, W5 A I N96h.
1.4 SELMAZENE

TS i BR O AT AN T B, IR K
680 nm & EE RO B L, S 37 AN [R] 4 A FEE R

4 5 2 IR 2R 5 R (v=84.8931x—0.3361, R™=1),
SR8 T LA 52 9 0t 5 L AR 2R D A U 5 L
Y 55 3 2 7 P Ak, 24 TEOD g KW 4% b 3241
RIS HR AL 0 PR B 3 i 2 P
K2 FT AN H R (%)

Ack—Ax

CK

o, A BT BRI T, AR SRR %

K Graphpad Prism 8.0% 4, 15 FH JE 24 [7] 15
HE TR AU AR FBE -5 7 T 2%, 1 ST Cso (B ATAR e 245
15 M Za(Chla)RERENE

Rk B LS mLER, 3000xg | B .00 15min, -
FH TR (R R 5 22 v (PBSS; 0.01 mol/L, pH=7.3)
TEUE3R, EB IS, NS mLAKFR 2 HUN95% ]
LEELETS5 CoRER K 3min. FHIRE O 5 £
AN B THIN 5E £ 66581649 nmAb IR G S, K
/NS e e o A

Chl.a (mg/L)= 13.95x A5 —6.88% A 40
1.6 HEIBELIEFRNE

FFE96hIT LS50 mLEE I &5 023000xg &5 0>
15min, PBSZZ M i E 2 20, A 3IR, R IMA
1 mL PBSH10.3 g% L85 2k (R=0.05 mm), i 214
N AE R 2R A A A (Tissue Cell-distroyer
D1000, WAL EHE B TR ARG PR A 7))k
4, 5000xg T T./E30s, [HBR10s, B E 3K, KR &0
IEWCOMEER . SPUEALEE JI(T-AOC, A015-3-
1), EEEYEALE(T-SOD, A001-3)iE M. =
W IR F B (ATP, A070-1)%5 1. 4 (MDA,
A003-1) % & M S H & 5 (TP, A045-2) H B 5t
FRCAE ) T RERI 58 B AR R A kR e A T 5
1.7 SEMEEAEROS)FIEMEEIREIEMNE

M E B2 (ROS)M & K FHDCFH-DA(2, 7-
Dichlorofuorescin Diacetate) R %%, m 5 & EY)
AR ST B AR B AR L (E004-1-1) 31T Ml 5

H — 2.8 % Yt % (Fluorescein Diacetate, FDA)
VI 5 A BB Y L S mL PN A 5
(12000xg, 2min), FHPBSPES3 IR, 2R Ja TN S 289k
FEN10 pg/mLIFDA. ¥ B R {E = R B T
§5 & 30min, 25.02(12000xg, 2min), FIPBSPEL31K.
P ICHE i 42 H I FR X (SpectraMax iD3)&E I, ¥
KWK N488 nm, KIS K N530 nm. Z5 R EIR N
T R FEE 55 5 4 B 5 1) AL Dy B 5 4 i S
PRSP IR A1)
1.8 ESTHBE(TEM)BREH S

96hHT, As’ 2 mg/LAb 20 FIxT BE4H, FET
10 mL{E3000xg | 2502 10min, 38 35 = I

(%)= x 100




1376 K& A& Y ¥ 46 &

B [ W (I A AT B A B A R A H
B0012)4C [ii] 52 2—4h, KK 50%—70%—80% —
90%—95%—100%—100% Z FE it 7K, &K 15min,
WJBE. W, P AL, 4SS i R
BE(TEM, HAr, HT7800) BT 45 #4437 o
1.9 HIESH

SEBSHE T B E AR 2 (Mean+SD, n=3)3&
7, ffi il Graphpad Prism 8.0%% PN =|E 2 14 il 26 -
/N LRI 43 BT, SPSS 20.0°K A HL K % (One-way
Anova) M DuncaniE @47 77 22 40 HT A 2 LU AL, S50t
T AL B A SiF 225 L *P<0.05, **P<0.01,
%% P<0.001

2 R

21 FREIREAs™ X8/ KR 2 B S0

PP VAT, ARG BT iR FEE RS P T, Il /N Bk
BT R AS VKT e B FR I RO 18g n, 14 2
fi%, M IE/NEREEIE96h A K HI i Bt N ™ E, 0.1
0.5+ 1. 1.5812 mg/LAbHE4H f i) R 43 HIE 2 T
4.1%-+ 6.9%-+ 15.0%. 32.0%F152.9%, iEilIELk
P i 285 /N T e At A A R AR R 4% B (] B
/N R AE KA 2T A, 13 B A O i £
(] 1), A" 0258 N ER 96h-1C591.94 mg/L.

40 r - CK
- 0.1 mg/L
30 | & 0.5mg/L
-¥ 1.0 mg/L
—— 1.5mg/L
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[ -e-2.0 mg/L

iz i Cell density (x10° cells/mL)
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=
°
0 1 1 1
-1.5 -1.0 -0.5 0.0 0.5

Log As concentration

BT AS RS /N BRI A K B S 45 B T B o) 26 i 2
AN

Fig. 1 Effect of As’” on the growth of C. vulgaris and curve
fitting of inhibition rate in different time periods

22 AEEREAs 3 Ei@/NKEChLaBIS/T

Hi & 27T 501, As” 0 5i /NEREEChlLa & B 5
M) 5 JFL o 17 368 /I BR 9 2 K (R 52 e S AR AL 1 22 1k
FAEE, 9O6hH, [ % 52 W JE (138 0, Chl.a’Z 2 (140
1R, RS- KR, 0.1 mg/LAERZ
XML C R EEZER; 050 1. 1.5812 mg/L
AL PR ZH AR I H B 4], Chla S &= ml TR T
17.7% 26.6%- 42.3%F168.6%.
23 FRELEREAs W& B/ KRS RE
A

Hi &1 307 40, 7E AN FVR EAs” AL FRO6h 5, B4
A I B M A B AST TR EE (0 B B T
o 0.1, 0.5F11 mg/LAEE 5 5% B AH b TE S 3 14
ZE 585 1.5R12 mg/LAL #2038 3% 14 2 25 38 0, 3 518
Xt HEZH 1. 7R 2,245
24 AFEHREAs WTEE/NIKEROSHIMDAS £
SapA

Hi &1 477 &0, AR EAs™ 4L B196h /5, ROS
FIMDA 7 5 1) Bl 5 55 < B2 3 i 6 3% . 2 mg/L
AL FEZHROS 5 2 5 0] [ 4 A b 358 225 18 i, Sl ok R 4.
14.0f%. 1. 1.5512 mg/LALFEAIMDA & &7 71N
SR RI1.665%. 2.0f5F2.60%, EREMWZER,
2.5 AELEREAs W& @/ NKERE LS
G0

As” B A FEO6h 5, TPAIATP 4 & 5 f Ik
JEE PRI B4 0T BAAEG, 014 05811 mg/LALFEZH 5% R
AT B TEZE 5, 1512 mg/LACF 4 & 35 2% [%
i, TP & &4 A%t BE 2H 11 68.4%F135.0%, ATPF;
=7 R R 11160.6%F148.1%. T-AOCHIT-SOD
115 1 357 i % R A B ) 38 0 i 4 o, 0.1—1.5 mg/L Ak
PR T-AOCHIT-SODE M5 %t U ZH AR LL i B 3%

0.

k&
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T bR ER IR

As* concentration (mg/L)
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M4k Fa Rk &
Chlorophyll @ contents (mg/L)
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B2 As™ S /N R I8 A3 K b B
Fig. 2 Effect of As” on chlorophyll a content of C. vulgaris
b EE2H et B AT A b 2 S SR 3 (* P<0.05; ** P<0.01; *** P<
0.001); A
Significant differences between treatment groups and control
groups. The same applies below
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PEZE S, T2 mg/LANFEZ T-AOCHIT-SOD 14437l
FXFIRLA 2. 85 A1 1665, B REMZERE 5).
2.6 As T HHMBITEE/NKEBNEEIEN

As” B 96h J5 3 /N BR 3 35 5T B 85 (TEM) [&]
WU 6F 7, X HEZH fE g B L 25 52 2, 4 as 25
P SE U 15 I T AL, 2 P e R B BB 4 ) K . REET
As™ 2 mg/LAb 3 4L 55 40 o 45 K TS 25 S o, LIRS 4
BN, RER R B WERIATE, 50 A
9K, MRS R 2L, AR AAZAE R B A5 R SE LT
3 iR

HERERREEBOKAR N FE W EH e —, %
FAENKELES RGN EBEVIRETH, e K
PRS2 b ks e BE L O HLRE, X 4EFRFEAN S R G
(1)~ RS E T A 123 DGR I A, [0 B XA S B0
B AR A A A R, TR BROA PP A /K R 58 5 == 1)
EESGbR. EATTI T, RNEREAS T ~, 38
NBRGEE AR A I R I AR A, S A BE R
338 R ol BT ] F i T 8 5, U BH AR A
B JA) - 75 AR A . R AR R 2R LA S R
As” I S I N ERE96h-1C5 9 1.94 mg/L. 254
B g R IAS X KB R F196h-LCsy 4,25 mg/
L; Silva2s" 01 9t % I As™ X o [l B 4% 3 /K1 72h-

Sea |

%L‘S:"’ sk

@_E 83+

)

= > .

22357

=55

HEZ |}

B2

El— 0 1 1 1 1 1 1
CK 0.1 0.5 1.0 1.5 2.0

FRANTE Sadey

As* concentration (mg/L)

B3 As™ 3 /N BR 58 40 PRSI kK P O B i
Fig. 3 Effect of As” on the permeability of C. vulgaris cells

ECsoH4.46 mg/L; Ghadersarbazi%" i} 5t % 1
As” XH96h-LCso799.48 mg/L, 5 AKX 50 45 FAHL,
IF H 515 A b, /N BR T As™HE g
& AFRZREYAS FEEBURTE 2 R, W EE S
AR DR 8RR O A A i B S 2
FA K, MAh, KA B P B S5t KA A
M EFPE RN = A2 oM o 2 7K IR B Ak T3 Jid 2 4% 1
T, As™ 5 I SR, MRS AL R, AsT R
teAs™ B i, Karthikeyan25" i 75 2 B As™ 0} & 4
K Z NPT ST R F96h-LCs 3731 40.13210.66 mg/L,
HeZ 9t 3¢ I As™ % 7K F r148h-L s 790.554 mg/L,
ARG SE R L, As™ R AT N 45 5 — 5L
AS” R KR A 0 LA T SR L A S e it — o
7t

J6 At BB AT O S F ) o B il
ChLa2WMEN AR EEAR, HEEIEE
S R 6 A AR B R A KR ™Y TPAE Ay
BB R TV RAVE RV, 2 AR A R A K
M EEEAR Y. ATPRMEREEN SR EY
Z—, e A BORYE T AR FH b B A B R AL AN
AVEH R IR R 1L, DRI LI 5 mT B S i
AP FEATT S, As™ 96h A S5, il
/NEREChlLa. TPFIATPS 5 4N AEKEH—

150 140
" = ROS "
ek a
2 &= MDA sk | 30 '% g
s 100 sk = ;5‘;
ﬂﬂ; sk 420 %g
83
g sof < £
el 10 o=
i p
JOW Ad ald 04 0. .
CK 0.1 0.5 1.0 1.5 2.0
AT R

As* concentration (mg/L)

4 A HEIE/NERIEROS HIMDA & ()
Fig. 4 Effects of As” on ROS and MDA contents of C. vulgaris

o
)

TP (mg/mL)
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51 = T-A0C wns] 100
= T-SOD Hkk 2~
&4t 180 423
3 2 =
BE 3t 160 =2
=& %5
o, g 2%
282 40 =3
> &o
e B
1ﬂ H 120 EL

o L . . . . 0

0.1 0.5 1.0 1.5 2.0

TR B R

As’" concentration (mg/L)

CK

5 AsT X ENERBETP. ATP. T-AOCHIT-SOD % 51
Fig. 5 Effects of As” on the contents of TP, ATP, T-AOC and T-SOD in C. vulgaris
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B 6 As™ it 2N BRI I ) 0 5
Fig. 6 Effects of As” stress on ultrastructure of C. vulgaris
a XHIRAL; b, 5 T2 mg/L As™; CW. 4HHBEE; S. JEkL; C. i
SR, T. REEMR; B IR, P B AA%; L. IR N. 40 t%
a. Control group; b. Exposure to 2 mg/L As’; CW. cell wall;

S. starch granule; C. chloroplast; T. thylakoid; B. starch sheath;
P. protein nucleus; L. Lipid droplets; N. nucleus

, BEE BRFE R E RN, ChlLa TP & B3 %,
ATPRE B AU 25 7L, PRGN PE PR . 40 BT TR A,
—J7 T, WTRERAS” a1 FROSHH B, # it 4: %
M52 2 Tl A T 2 O 0 5 400 R 035 1, BELSOG
LB EMATPEENI & R, S B0 T & AR 4 Bk
B gih 2 PO 5 — 7 T, S e A R R, As”
XL TR AT i 5 i ) SR A R A S 2 Y,
A FILEETE BUBEIR, ATPEGIE LE 0 [ 254 2
AR A, WA TIT 5 160 S 0 L 1,455 2 T T i 1 R 4,
B ARAE AN T, B, AT SR S B
FEABL R S5 R RO R, B 6538 IR 26 11 508 1
NS P, 76V 2 AR A R oh B B R i, ) 4
B AR 2R 1, M S0 5 e B R B ATP I &
R, SRR [ 45 1 5 R 2 PR 82 B A
LA BF 503 B, 24 0 T 2 R [R5 e 3
TPHIChLa % AL 515 Ye 7o) & 50w = 27,
B A e 5 7 2 W R R FEA TP TG HERE Cd” ViR
FRY R I T 235 BRI, 5 A B 2 SR — 3L

TEIEH# 24 R, MU= 2L 5 1 BT R (ROS)
SR, AT LR IO R G RS R, ROS
A SR AL R IEAE AL T 50445, LLigk
GRS . ST, LA B KA R %
B 7 0 FR B B 3 I, LA AR 5 T o 7 2R i B
ROSTEVETY B, M S B0 A8 i i AL 2 S8
BT, EARRFF P, 2 mg/LibFHROS/KE N
SR ZEL 4.0 o 3K U6 3 N ERFEZE AS™ A T,
H G R BTV e AT s Yo e A i A el
B SO N S B B . E G R, ROS &
T p PR A6 P R O B v ) T B )
PR R, 24 R FAH 6 L R 4o . AL 2
BELES, 2 A B0 B TR i 3040 7 Arh, ik e A
PP, IE AR i B 4 T A, B AsT B E kb
T (O S R OS (R385 0, 7T B 2 - £ A 1 S 8 Ak 5

SERIBE R I 25 R — 3, 5 ARG 40 e F Chla
EHROS/KF 2K —EL

A B (MDA) 2 AR 5k S AL I B 2L =4, 7T LA
A A 52 3 AR el R R, )4 ik
A AR AR BT AR, 1. 1,550
2 mg/LACFRAHMDA & 2 35 2 19 0, 23 ) A FE 4 1)
L.6ff5 . 2.0f5H12.64%, [FIHY 1.5F12 mg/L Ak ¥ 4H 18 1%
PR Z BN, 2 BN A 1.7 A2 20 . xR
B i o aok SR A A A I, 5 R . B I 1 R
JOR AR 358, AT A8 200 e B 4D 9 2 1 AR 3 P 1
UM 20 A P T A, i 2% S B0 I 4 A AN T B ) U,
X5 E G L A MR R, H—, AR
REL RS WMENESERE AL 568, 3
A58 210 i 5 A o st A AR B RS, 2 B AL, ol T 4 i
SEREME, P A P R h A, 3k T T B AL AR AR 3 AN
AP EREEE R T, Chla B &R
W&, MDA IR B 5E A A i k. B
G PR 5 0 B As™ VR P R T I An, B ALK B
T 4 B P R S et S AR FE AN T IR, 40 R R 5t
ZRRA R, S840 A KA S 2 3
i), 5 AR g R —5.

T-AOC M PrE LR, HAEYVAITEMN R
GUAAERIE R G A%, BT LA PUE R TR
R LG F6Hr, P T-SODEFi A RGP E
B RS 4y, AT LA T E (0, )tk
H,0MO0,, By ik ML SZ 3075 M B B 21 B, 7EHL
KB B IR R G RIEE W E R,
FEA T, B TAs™ 96h)5, FELHIROS Ik i
ARG B4, [ IS 3 2 T-AOC AN T-SOD A A LUK
ETEAR AL, 2 mg/LAL BRI T-AOCHIT-SODIE 11 52 |
BEES, R IRALRI2. 85 A.61%, RHBEH
As” VR FE FOH N, o EELH AL PR K, ROST
Al R 5, DAL R E0OE L BETROS Y 77 4R,
FLE P38 o — P L R R R e . ERR
AN T RE I N B . R, T-AOCHIT-SOD 14
4R E AL MR L P LIS R AST B IFROS
AT R, CLYERRAN M P (0 S AR -, 4
SRR AN ML B AR L. RS S5U TR 5 % LT
MU P 36 %oF 0 3 7 A A 453490, S R R a4
PR AL EE(SOD . POD) W 1 1 Hit S AL W
(GSH. NPT)& B AR 3% i, 48 5 P g se &
B, BRI 4 B Cd” AP it K IS WLAe 75
i, HLAR DTS B 2R G006 7= A2 B, SODYE 1
2R ET L IEBRAUA P R 2 1 E B, PrEL
Pt 3% P A X 4 i, ARG &5 S A N &5 SRAR L

I S A2 1) B R 25 4 A Ak R DL B R I O &
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TERIRE T, Forh PR TEs S BL I T, 2 i 24
IRZ oK), SEFEAR 1A P HES W] BLORIERCK IO
T AR G 2 i U R 9 S R B A R R,
2 mg/L As™ JHhie T HESH AL 40 B A Ak, K
W T2 SE R RO AT, B0 70 T AR %, S A Sl
il X EERRFARE D E S AR, &
5 % B EROS LT, g B AL LA R,
FHUBER) B, Ot A 1F AHLEEE 2R DL K e & it
REAN AR, 36 A A BE R AL AN H 1A% 3 52 FHL, M E 52
Wi B 440 B B B IE A A DL R ARG B, 2 {5 40 g
FT RS FRAIRISE B XSRS
Gui HEH B K — TR T B R AR E
AU AN ER 8 B P B A A (A AN B
1) 52 B I i s 2 R R B2, 2, 4, 47-1Y
TR (BDE-47) il oK R E, 18 i 4 i
PN ot LR LV 22 v LT R DX S s i, 2k
PRAN I 2R S 2 P 2 52 B W] B AR, S AR
2R

4 ZEip

T ES R AN KA AR HoAh A )
B, KARE 4R TS Yt K PRI AR 25 2R G 1 P-4 A
Fasg i — MR . TR, DOKIRE N E S 15
YL 5 M BIE 557 B BR 2 1R 90y o B FTAIESE T
AS VR T 1.5 mg/LIFie R N ERFE R I
=R N, 2R IR AR A K 2 B0 H], Chla.
TPHIATPE & N P&, ROSHIMDA & & 7, fEfiid
SR FE DR 5 250200 Pt FEE 300 55 P 184 K, 4T A P 35
MR (AFEAS AT, ANEREE AT DL i piedr
T-AOCHIT-SOD M >R 3 S AN, AT H /N EK
BEXTAS ME R FE . R, N EREEEAS
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ACUTE TOXIC EFFECT OF ARSENATES ON CHLORELLA VULGARIS

LI Li-Jie"’, PENG Meng"’, YANG Fan"’, YU Jia-Ni"?, JIN Wei’, TAN Feng-Xia"’ and CHAI Yi"’

(1. Engineering Research Center for Wetland Ecology and Agricultural Utilization, Ministry of Education, Yangtze University,
Jingzhou 434025, China; 2. College of Agriculture/College of Animal Science, Yangtze University, Jingzhou 434025, China)

Abstract: In order to explore the toxicity and mechanism of heavy metals arsenic in aquatic ecosystem, Chlorella vul-
garis, a typical phytoplankton indicator species, was used as the experimental object. Different concentrations of As™
(0,0.1, 0.5, 1, 1.5 and 2.0 mg/L) were used to study the effects of As’ on the density, chlorophyll a content, cell mem-
brane permeability, reactive oxygen species (ROS) content, malondialdehyde (MDA) content, total antioxidant capa-
city (T-AOC), total protein (TP) content, total superoxide dismutase (T-SOD) activity, ATP activity and ultrastructure
of C. vulgaris. The results showed that all concentrations of As”" could inhibit the growth of C. vulgaris within 96h, and
the inhibition rate of 2 mg/L treatment group was the highest (52.9%). The ICs, of 96h was 1.94 mg/L. The Chl.a con-
tent of algae cells was also inhibited in all treatment groups, among which, the treatment group of 2 mg/L was the lo-
west which was only 31.4% of the control group. When the concentration of As” was 1.5 and 2 mg/L, the content of TP
and ATP decreased significantly. The content of MDA was 2 times and 2.6 times higher than that of the control group,
and the cell membrane permeability was 1.7 times and 2 times higher than that of the control group. The content of
ROS in 2 mg/L treated group increased significantly, which was 4.0 times of that in control group. The activities of T-
AOC and T-SOD in algal cells stimulated by oxidative stress were 2.8 times and 1.6 times higher than those in control
group. The results of transmission electron microscope showed that the group treated with 2 mg/L As’' could destroy
the internal structure of algae cells, resulting in cytoplasmic vacuolation, lamellar structure fracture of thylakoids and
chloroplast structure disorder. The results showed that high concentration of As”" was destructive to the structure and
function of cell membrane and main organelles of C. vulgaris. At the same time, C. vulgaris produced oxidative stress
in response to pollutant stress. The concentration of As” below 1.5 mg/L had no significant effect on physiological and
biochemical indexes of C. vulgaris. This study reveals the physiological and biochemical reactions of the typical indi-
cator species C. vulgaris under As’" environmental stress, and provides basic data for the remediation of heavy metal
pollution in the water environment and the formulation of relevant environmental standards, thereby realizing the sus-
tainable development and utilization of the aquatic ecosystem.

Key words: Eavy metal arsenic; Acute toxic effects; Antioxidant enzyme activity; Ultrastructure; Chlorella vulgaris
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