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W (CP-MS), EEZHAFHHEARAR; 2-16%!
BB, EESigmals A .

1.2 LWWHE

SRR 6 3SR FH KA i K BE Ry R
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EREE A0, K BN TR AR BB - 1 T
Bl R 2 = A, 752 BOG RGN T
PRIGFR, WE MR R &M REEQ25+1) °C,
JERRGE FE2500 1x, YEHE 20 L4 D,

DEHREAMEQMNE BRI N
IR BEEDE D, MR /N 3K e W O B 5 /s
TR0 B B A R N N G AR () 422 0 7 /N Kk e A=
Pl SR, NEREEAN A Y i (0) S WO
fH (Agg3 nm) PR Hp=3.264+0.0755
(r=0.9988), A, ]l L 75683 nmAb il 15 5
(W BE AR T 5 /N ERBE R LR W

NER R AE i R B 24/ BR R B R B
AR (/R % B A $103.3% 107> /mL)R, 4353l
IIAES5. 10, 20, 50H1100 pmol/LEE 25 Vi J 1Y
PACEE . CTRBE . N R B R R R R AT
e R 3R, RN RIE T30y, X ERALN AT N
BEER B /NBR T, B O 5 WO (E (A gs3 nm) 2E I
R 2% 21 B 2R Wi, 2 IR () 355 5% e TR] A /) Bk
BRI

NERERBEEABEAORRRYEORESEN
) 1£4 °CF 6000 r/minf > 15 minlf 5 441
PEANNEL, TS 40 I 110 mmol/L EDTA-Na,iif vk
20K, TR B 21K 3 e 30k LA 2% 65 v 400 it 2% e o
MIEF B o BRI S B e B % T 10 mmol/LIY
Tris-HCIZZ vp i 1, SR #4788 75 I 240 A A 1
T BORE S BT 75 °CPE TE/K 78 88 A4S min,
DLEBRARREE A, AR5 #5012 000 r/min, 4 °C)
10 minlh bR 22 UL AR R A 4B, A L35
T RISy /N BR AR 2R R IO

K 125 I i 5 0 1110 000 /)N BK i A 4
PR TR W ERRFIEE (2, 3. 4. Sdrib
THRECOE P RBRERED & E. WA E X A
ANERBEER IO Th IR E A Y

TR 4% 3 s T R EZn-MTsiE 52 69 0 2

FHBE RSB 3 60 5 i R & 55 2 1 BT %
(SEC-ICP-MS)Hk 7 2143 551 I 5 /N BR e AR
FEARBE T Zo-MTs & 5, R S0.45
umfFLIEFE , ¥ ASEC-ICP-MSEEFH &4, L)
10 mmol/L Tris-HCI(N & 1 mmol/LDTT, pH
7.8) ML, TE A 1.0 mL/min F¥EME . Tk
JI W e 22 DADK I (254 nm), 22 )5 7E4k 5 AICP-
MS WM Znf5 5, 105 4L 50 1 Zn i 15 5 i
B VAT & @ B & bR fE 3 ], LLZofR 5
MR RE LA/ NER BE Zn-MTsfi5 S 5

A St AL B PR F 7 2% 43 B (One-
Way ANOVA)FIH 5l it G0y XL 28 77 22 5347
(Two-Way ANOVA)HI SPSS 19.08 {52 1, £ &
Lo R FHLSDRG 3 s Mgk B i o HorfrP<0.0138 7%
HIH) Y 22 A S ST L, P<0.053R 7R 41 1]
2E A G FE L

2 4R

2.1 FREIGEEBE R KR K AR

XA L, AR B (5~10 pmol/L)SA AL FE
X /INER B A RS MRS K5 T Y B S U B K
20 pmol/LI, /INEREE 1 AE K 32 B 1 (P<0.01) ;
MBS T M IR F 100 pmol/LI , /NER#E A= K 57
) eEAg, HAEYEESTREEY FRET
23.6%(El 1-a) A7 6EIR X /N ER 988 A K Y 52 i B
HH AP, HEEE 3K T10 pmol/L
BF R /N Bk e i A = AR PR, LR S R
e, AR BB (B 1-d), 1100 pmol/LFY
BERREEMNE T d, /NERENAY R TR T 15.6%. &
PR B (11 1-b) FA 250 W5 R B (&1 1-o) FE B B8 VR B R
5 umol/LE BV X /INBk 3 1 A6 KAt 3 1 il (P<0.05),
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Fig. 1 Growth curves of Chlorella sp. exposed to different zinc salts

(a) zinc chloride; (b) zinc acetate; (c) zinc gluconate; (d) zinc citrate

=1

1B PR ER B BB 3R FE AN B (B 3o 3 /N BR R A G

FMEMNERFESFTER
Tab.1 Growths of Chlorella sp. exposed to different concentrations of zinc salts for
different time estimated by Two-Way ANOVA

BEERFNE R PR R FiH PfH REME
species of zinc salts effect factors F-value P-value significance
AL zinc chloride Jh 8 R E/(umol/L)  stress concentrations 677.222 2.8x10°% wok
JUp 3B B} [E]/d  stress time 15.812 4.5x10" *k
Jolp 3B e E < [ BB TH]  stress concentrationsxstress time 67.563 5.2x10" *k
ZFR¥E  zinc acetate Jh 38 i /(umol/L)  stress concentrations 1069.368 1.9x107 *k
JUp 3B B} [E]/d  stress time 24.813 1.0x107" *k
Jolp 38 E < [ BB TH]  stress concentrationsxstress time 65.474 1.8x107* *k
W EFERREE  zinc gluconate Jh 3B i /(umol/L)  stress concentrations 1161.138 6.3x107 *k
JU BB [/ tress time 39.404 2.0x107 *k
Jolp 38 e < [ I B TH]  stress concentrationsxstress time 73.691 1.6x10* *k
FrEERRAE  zinc citrate Jh 38 /(umol/L)  stress concentrations 374.859 7.3x107° *k
JUp 3B B} [E]/d  stress time 35.517 4.5x107 *k
Jolp 38 e E < [ BB TH]  stress concentrationsxstress time 20.082 4.7x107% *k

e e R (P<0.01)

Notes: **. extremely significant difference(P<0.01)
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Fig.2 Effects of different zinc salts on the contents of heat-stable proteins in Chlorella sp.

(a) zinc chloride; (b) zinc acetate; (c) zinc gluconate; (d) zinc citrate
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B3 FESEEHIES AN EZn-MTsS &
Fig. 3 Inductions of Zn-MTs in Chlorella sp. exposed to
different zinc salts for 3 days

ZESEC-ICP-MSHEATRE I, e B HIBF &8
B 450 umol/LIW# Z ME R B 1Bk 18 3 d, /NEKBE 17
SN Zn-MTs sk Bl i m . Ik, nl e s
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171038 15 3% U5 5 77 £ Zn-MTs.,

3 TR

H AT & T8 2 Wi X/ NER g A K5 i 114
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BEE T8 /N BR 72 WA B ECsy;  Bilgramids!
238 1.5 mmol/LIY 8 & 1 X /NER i A KL%
SR 5 T D P 2 S AE R GE S pmol/LEE A2 d
SR L AR ST i 2 A R R R v B
fIREF, BEER X /NBRdE A K g/, (H Rl 25 B
B U REAR, XP/INBR B A A B0 AR R A
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PRI VE T, BRER G a0 v B L 3 A ) S =
H Y 38 BAE Y /N R A KR A R
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Wi A= i DA e e A R e A5 R 3 A O,
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Growth exhibition and metallothioneins induction of
Chlorella sp. exposed to different zinc salts

PENG Aihong, GAO Shuang, CHENJun, ZHUANG Meizhen, WANG Fan,
CHEN Xiaomei, LIN Zhengzhong, HUANG Zhiyong *
(College of Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: The exhibition of growth and the induction of metallothioneins of Chlorella sp. exposed to different
kinds of zinc salts were investigated. The biomass, heat-stable proteins and Zn-MTs were measured when the
Chlorella sp. were exposed to four kinds of Zn>* (including zinc chloride, zinc acetate, zinc gluconate, zinc citrate)
at the concentrations of 5, 10, 20, 50 and 100 pmol/L. Results showed that the growth of Chlorella sp. was not
significantly inhibited when the zinc concentrations were less than 5 and 10 pumol/L for zinc citrate and zinc
chloride, respectively. But the growth was significantly inhibited at the concentrations of 5 pmol/L for each of zinc
acetate and zinc gluconate, and the algal biomass rapidly decreased with the increases of Zn®* concentrations for
the two zinc salts. The results also showed that the amounts of heat-stable proteins significantly increased in
Chlorella sp. exposed to the four kinds of zinc salts compared with that of the control group (without adding any
zinc salt), and the largest amount of heat-stable proteins was obtained when the algae were exposed to zinc
gluconate at 50 umol/L for 3 days, producing 34.5 mg of heat-stable proteins per gram of wet algae mud, which
was 3.3 times higher than that of the control group. And the largest amount of Zn-MTs was induced under the
inducing condition.
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