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Activities of antioxidant enzymes and Zn-MT-like proteins induced in Chlorella

vulgaris exposed to Zn**
YANG Hong, HUANG Zhiyong *

College of Bioengineering, Jimei University, Xiamen 361021, China

Abstract: Chlorella vulgaris ( C. vulgaris) , a fast-growing unicellular micro-alga, is commonly used as a supplement of
food for human and animal consumption. As C. vulgaris readily absorbs metals, this micro-algae has also been employed as
an important indicator for monitoring the pollution and toxicity of metals in aquatic environments. Due to both natural
geological sources as well as anthropogenic sources, the escalating contamination of aquatic environments by metals such as
zinc (Zn) is becoming of increasing concern. A limited concentration of Zn is essential for growth of C. vulgaris, but limited
knowledge exists concerning toxic impacts of Zn on the alga. The present study investigated various biochemical variables
including biomass, the activities of antioxidant enzymes including superoxide dismutase (SOD) and peroxidase (POD),
the intracellular Zn assimilated, and the inducement of Zn-MT-like proteins in C. vulgaris when the alga was exposed to
various Zn"* concentrations. Results showed that the growth of C. vulgaris was inhibited by exposure to Zn’* at concentrations
ranging from 5—100 wmol 1/L. The algal biomass rapidly decreased with increased Zn®* exposure concentration. Algal
biomass also decreased with increased exposure time to concentrations of Zn’*> 10 wmol/L. The results indicated that the
growth of the alga was significantly inhibited by exposure to Zn>* ,especially at higher exposure concentrations. The activities
of SOD increased with the increase of Zn>* exposure concentrations within the ranges of 0—50 wmol/L, but slight decreases
in SOD activity occurred with exposure concentrations of Zn>*> 50 wmol/L. The highest activity of SOD was evident when

the alga was exposed to 50 pmol/L of Zn>* | in which the value of SOD activity was two times more than that of the control
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group. However, the activities of POD within the alga significantly decreased (P < 0.05) with the increase of Zn>* exposure
concentrations. For example, the activity of POD was 7.4 times less than that of the control group when C. vulgaris was
exposed to 10 wmol/L of Zn®". The results also showed that C. vulgaris has a strong ability to assimilate waterborne Zn*". For
example, the concentrations of intracellular Zn were about 17 and 34 times more than that of the control group when the alga
were exposed to 5 umol/L and 10 pwmol/L of Zn** | respectively. However, the concentrations of intracellular Zn did not
increase when the exposure concentrations of Zn > 10 pmol/L. A slight decrease of intracellular Zn was observed when the
alga were exposed to 100 wmol/L of Zn®". After being homogenized and centrifuged, the cell extracts of C. vulgaris after
exposure to Zn>* were separated with a size-exclusion high-performance liquid chromatography coupled with the detector of
inductively coupled plasma mass spectrometry (ICP-MS). Two Zn-binding species were observed within the cells of C.
vulgaris, in which the compounds of the Zn-binding fraction at the retention time (t,) of 6.3 min were referred to as the
Zn-MT-like proteins because the retention time (t;) was found to be similar to that (t; 6.1 min) of the standard Zn-MTs
derived from rabbit liver. In addition, the amounts of Zn-MT-like proteins induced in the alga were found to increase with
the increase of the Zn®>" exposure concentrations. The results indicate that the Zn-MT-like proteins induced in C. vulgaris can

be used as the indicator to reflect the pollution of Zn*"in aquatic environments.
Key Words: C. vulgaris; Zn; Zn-MT-like protein; superoxide dismutase (SOD) ; peroxidase ( POD)
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1.1 SEEAK

INBRESR AR SR A K A Be At AR S B ORI B SR VD URTRE K HL P IR R B KT
HIE R, KRR KK L8 #5488 [ NaHCO,, 1.0 g/L; KNO,, 0.5 g/L; MgS0, - 7H,0, 0.5 g¢/L;
K,HPO,, 0.02 g/L ; 0.6 mg/L VB, #1 2 wg/L VB, |41 " S5 55 320 AR B0 101 (Y He Bl b 7
PGX ZBOGIREEFRAG T IR N (25+1) °C MR 2500 1x (24h SEIR) . 15953 d EXEUE KPP (A, =
0.7) BB o2 B B AT Y 250 mL =AM, B 200 mL 33, MILA ZnCl, IS Zn™ (OS> 71353 0
5.10,20,50,100 wmol/L, 58 IR1F WG IE (Aggen ) FAMHE (p) HIXFR KN p = (2E + 07) x A + 889331
(R* =0.9971) , FH T B IR RS 5 0 1 e At L A5
1.2 WESats SXorik
1.2.1  BERE/INER AR K RS2

ANEREA R X HCE KRS I ZnCL, SR B Y Zn™ W EE 533135 F) 510,20 ,50 100 pumol /L,
BEANRIEFAT 3 Uk, [RIHE X HR A, A R B N TR 3 Uk, I EL BEAIL ) 5 4 T o %) 467 1 AR AT B 1 8 ViR
ZEYIET, A 12 24 48 72 .96 F1120 h BURE 7 686 nm I R (8, ARSE WO RE 5 4= W i 56 2 ith
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ANFEIHERE Zo* WhiB 55 35% 72 h e BCE IO BE (A A 36 40 mL A (50 mL) H1,4 000 v/min 5.0
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TKABVE AR, 2 563 1 25 S50 R (0 3% - R T B P 42 Zn-MT-like 935, (3% 4N TSk-gel 2 H] 9 G3000PWxl
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mL/min, #EFER 20 wL, KK 254 nm, BRAE R PR GIARA R 25°C . FES AT SEC 438, 2 5 HM S
R 85 PTF 43328 ICP-MS (7500a, 5[ Agilent 23] ) LAINAE Y Zn (5510
1.3 Hdaadr

K SPSS 17.0 Geit 5 f4: 76 P=0.05 BYEAS /KX SOD  POD K it 20 g PN B & i oE A7 B 2 2200 M

22%107
(One-Way ANOVA) , =
2 20Xx107 |
2 ERSHM < 18X 107 F
2.1 Zn® PHARINHRHE K ?% 1.6X107 | 123231??
N + N S 2 , .2 10 umol/L
AR E Zn™ ipan Xk /N ek v AR K fg s an e 1 % § 14X107 | e 20 imol/L.
— ; N . P E ; —p— 50 pmol/L
TR R S wmol/L B X /NER AR K AR S 12x007 e 100 ot/
B, H Zo  VREEIK ] 10 pmol/L i, /NERBERE D ERE 5 100}
o NN _ . e g g 6 L
BEFRI A GE T E, WIR R 1AL, ZnX xRy 2 SO0
6.0 106 L x ! s 1 1 1
IHIVE ARG 12 h B E &4 B3, 25 15 [E) 39 28 0 12 24 48 72/ 9% 120
% BEFEWF ] Culture time/h
K, PEI1E A s
2.2 Zn™hiaX/NEREE SOD  POD I A5 MA B BN NRRE KRR

ill]l’;ﬂ o) Fﬁ‘ﬂf\‘ , Xlﬁl/ﬁkfﬁ 7n2* HjJ‘iEl_—F ’ /J\}EREQA SOD {ﬁ Fig.1 Effects of Zn>* stress on the growth of C. vulgaris
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PEARALEE R, MWE R E KT 10 wmol/L B SOD i i 24 55 ( P<0. 05) ,Zn** 4 50 pwmol/L B}, SOD i 41k
B E KA, 29 g% BRAL Y 2 45, 10024 Zn™ ARZEHE N H] 100 wmol/L B SOD {4 521l F [, #H52, POD ¥ 1 b
Zn™ TR T R (P<0.05) A 510224 Zn™ 4 10 wmol/L, POD 74 i 25 R K, 29 xF IBZH Y 1/9 , X — 784k,
FUEE SRR TR AR PSS POD MITFFT4s RAILL,

14 - 1.6 -
141 %

—_
[
T
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—_
f=}
T

1.0 +
0.8

AR

POD activities/(U/1084")

0.6 -

B AL T
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04

02

(=] [ -~ =2} o)
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0 /) A orErn w7z
0 5 10 20 50 100 0 5 10 15 50 100
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2 AREIRESEHET/NEKE SOD #1 POD & HIZEL

Fig.2 Activities of SOD and POD in C. vulgaris exposed to Zn’* at different concentrations

2.3 AIFHREE Zn 0T /RO A0 P B

W 3 S LB A Zn Bt LB AR £ 00
SRS IRALAT B RN (P0.05) . (0%5RbiaY %0
HERSE 10 wmol/L I, SEANMIPY B A R 2o Wit e = 300
RERORE TSN, 1A, Zo® FHEH 5 10 20 50 AT 100 s 2 2
panol/L 4, 2004 B 4 B AR MR I B 171 B
34.3.30.0.,33.1 f127.0 £, é 100
2.4 WARIEZ GRS £,

it SECICP-MS 4MH7 01 1, Zu™ it F /R e 0

WP A TR S T2 T8 4 ) | T ELAS — 0 5 4 o s 10 20 s 10

R I Bk S8 Zn*/ (umol/L)
Zn—MTs {5 B3 I 1] (/8] 4B) A — 5, 3 F UL iF
FARE WA BRSNS AL S REMEA (Zn-
MTs-like) , BLAk, IR S Al B Zn® ol iR 5 ) 3

3 AERE I BHME TRARNELSENTN
Fig.3 Contents of intracellular Zn in C. vulgaris exposed to Zn**

at different concentrations

K, /NERIEEAHMI PN Zn-MTs-like B -t i 22 B S 384
2B 70 AR E A 5 wmol/L B, Zn-MTs-like %} A 2H
B 1.3 A5, iR A M EE IR 100 wmol /L B, Ho 5 5 25 A % BRZH 1Y 3 4%,
3 itig

HRIET Zn™ e it /R AR K i (I 5T 45 A SR 22 52 AN, Muyssen 251 & B 1.6 wmol /L
Zn* A 72 h BEAE] EC,, , P04 O HRE 0. 308 mmol/L Zn®* WHf 72 h i3] EC,, ; 1M Bilgrami'' MI4RIE 1.5
mmol/L [ Zn™ Xf /NERBEAE K LTI A 20, X 26 25 50 SR I 98 45 SR vl BE S fh T o5 95 3L i DB SR i B
VR WG e | B AR AR AR R B Y ARSI R B/NERBETE 5 mol/L BEINE 12 h A
PG, gk SR A A R — S, AU T A X AR

IR NAFAE B — B RS BRIS M AR BTE LB B R G ) R 40 M st & 00 3h E1 5 B AL
il WAL BE A 2, HEPT R, AR AR Y RS AR X AR . SOD Rl s AL O N TE B 05, A ik
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X S L
1.8X10 A 537 35x10° F B 6.1
1.6X105 | 630
o 14%10° - 3.0X10° |
[=9
L 12x10° b 25X 105
=S
%Ega 1.0X 105 F 2.0X100 F
&2 8X10*
Rz , 1.5X 108
o |
2 6x10
= axiot b 1.0X10° |
2X10* + 5%X10° L
ok
1 1 1 1 1 1 1 1 J 0 L L L L ]
2 0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14
It ] tr/min

El4 20 pmol/L $EiHE T/IKEMBESHE(A) MiTEREFEERES (B) H SEC-ICP-MS Ei%
Fig.4 Zn-bound species in C. vulgaris exposed to 20 pmol/L of Zn?*( A) and the standard Zn-MT-like(B) and standard Zn-MTs from
rabbit liver measured with SEC-ICP-MS

B ML 1 O i, SOD TSRS IR R 0, Iy 7= ik
RN G, JLF A R R A E TS SOD T
PERII, ARSI Y Zn® VR EE IR F 10 pwmol/L B 35 41
Jid SOD 3 M 5825 14 i, SOD I 1 34 I AN 5 3 40 it 32
IR A 56, AT BE A A B & SOD 1Y 2 41 AR
Ay MR, B 7™ W BE ARG I, /NER S 41 AR P Y
POD JH PR T B, X Ui Zn™ 230561 POD 76 PE2
TEREWN AT POD TEPEAS{L H SOD BEHR, X AT RE Rk &
POD X B AU 0 s 10 2 50 100

el 3 H A, B R /SRS A e o T PRI 20 Gumal /1)
ﬁ%ij}ﬂ ,{Ezi/f;pﬁﬁ an‘fﬁq}gg@ij(ﬁﬁ#ﬁ;%%ﬁ’ nJ E5 AERE Zn* BT/ NKEARNANELSERERSEN
TLSEANNRT 20 BRI E — R AN 2R SR
FKELT R % 70 BRATEE S 100 pmol/1. Fig.5 Contents of Zn-MTs-like proteins in C. vulgaris exposed to
I 355 200 6 P 5 o BT T B, L SOD i Ml B, ik ]

RS P TR B 2ol v i Al i 4 M 8 4, A B TS T B 1Y)
G, R R SHY PR AR R E A S R SR T4 R W v BE A3 RO RN AR S5 K B/ INER
BN RESS SR A B S R RS Zn® Mo v B A3 I, A S R v 5 R AP A XT 4K
K HZR(y =470.21In(x) +271.45, R* =0.9898) .

X AN R R Zn® B30 T BN N SRS S Zn-MTs-like & 097284k, % 30 S B30 He R T 10
wmol/ L H 34 200 0 P B 55 B AR PR AN, T Zn-MTs-like B8 5 B0 30 ¥ JBE 1 18 R RT3 0, 33X AT A 2% PR R 76 A [ o
FEREMA T /NEREEXS Zn® MR EENLIIAS ] . ZEBCE MR BT |, KO Y Zn™ PRHHE A B AR N, B S — 3853 (4
PR BAT ;AR RARME T, Zn™ PEA SRS 70 M P9 SRR, 3 s AN [ e FE B /N BRTE 72 h I 40 B PN e
AT B2 AT DA — g5, T Zn-MTs-like B4 AN 5 58 20 M N7 2 Zn™ 19 & A 00, H S 4L
Zn®* iy A )4 O Bl ] A 2B iR, PR, A8 MR KT 10 wmol/ L At 358 400 S P 4 2 F S P4
i, T Zn-MTs-like 5 fHIARNWHE K

25 TR, M/ NeRlE 2 B b Zn® B0 25 i SOD  POD 35 28 AL 1% T Zn-MTs-like 3K 38 I F1iH
¥ AR TR Y5 44, SOD \POD {5 Zn™ [t Wk B I 1R B IZ M AL R | T Zn-MTs-like 175 5 52 0
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