o 2
2017 4 12 % A & B B - i Vol. 12, 2017
45 1,278-286 Asian Journal of Ecotoxicology No.5, 278-286

DOI:10.7524/AJE.1673-5897.20161009001
ZEHE, BRI, MG TR N I R R rh ORI AE FRE AN AR T VR R[] AR A R REAEAR 2017, 12(5): 278-286
Li S, Sheng L X, Jiang H B. Physiological and sub-cellular effects of different acclimation temperature during cadmium exposure in Daphnia magna [J].

Asian Journal of Ecotoxicology, 2017, 12(5): 278-286 (in Chinese)

AN [EIE B i FE X 3 & BE R oK B0 A 3 A0 30 28 Rel vk F By
ER

* . 2o
ERY ., BEE 2B

1. dhde kAR IFRA 2 R, F48 132013
2. RAWITE KRB AH R, K& 130024
%5 H #A . 2016-10-09 FHBH:2016-12-06

WE . RIUKAEAYRZR RN I BB XA YRR A8 F EEMEA (P A A B B2 S0 — A 52 56 % br o Tk
(20 CHBLH A=Wl IR T 34T, oA TIA T 38 BIIREE (20 °C .24 °C H1 28 C)X4RREZ(0,20 F1 40 pg- L) B A A
ANAEACT-RIVE T, SEE 2 S AL FR A Y 2UME B (48 h-EC,,) KAIRERY 21 d #7063 21 d REVEAIE(21-d CR) B — IR AE B[]
(time to first brood, TFB) it & i 77 . FL T %% #% 1t 1k (electron transport system activity, ETS) . #4W i 2 1 hsp70 1l 4 )& i 26 1
(MT), G55 7R & IR T iR R IR A AR T PE A AR, 20 °C .24 °C 1 28 °C T B 48 h-EC,, 23 %1 9(40.2+9.9) pg-L" (15.6%
2.7) ug L' FI(10.7£1.9) pg-L™" ;28 CF , KA 21 d 7736 R4 51 LT B (20 °C,0 pg- L' B 58 )R MK 23% (20 pg- L 5 R )M
87% (40 ng- L' H#F8)JF HRAIERY 21 d RFEFHELQR1-d CR) W E FRAR, AR A B e At 47 A N I RE A T i 1 e A1, 24
°C 1 28 °C I3 MIREAR T 46% 1 62% (0 pg- L' FAREE),48% H1 60% (20 pg-L'#RFE) .80% F1 91% (40 pg-L'HRFR)., it
W QA IA5] 40 wg- LB 0 KABNE A BB R AE A7 B 52, 335 N I B R4 22 B8 4 B P R GE TG M (ETS) 1% AT 1o 3 52,
28 C 1Y3& N L EE AN 40 gL' 4R B ER AR RS T R AN AR 11 hsp70 FI4 BB AR I (MT) 8.2 [, {HLEE 1o 3 (20 °C ~28
CHFHIETR(0~40 pg-LHAIZEA X hsp70 e FEIH], MT W—EET LA, B2, AW REE T X84 09 5 A7
TEZE 5 P RIE R T B B RO 48 5 3 A S A B PE VT RE A5 DR UE2E ) 3145 T 58 40 O O 4P 5 I A0 hsp70 F0 MT 1924546 2
IR R T ERG RN, VB R B 5 G i A b s W i T LR B 5 R B R

I 4R R KRR 21 d FIE R BRI KT s Hsp70; MT

XERS: 1673-5897(2017)5-278-09 RESES: X1715 XEARIRED . A

Physiological and Sub-cellular Effects of Different Acclimation Tempera-
ture during Cadmium Exposure in Daphnia magna

Li Shuang"” , Sheng Lianxi’, Jiang Haibo’

1. Forestry College of Beihua University, Jilin 132013, China

2. School of Environment, Northeast Normal University, Changchun 130024, China
Received 9 October 2016 accepted 6 December 2016

Abstract : Although aquatic organisms are mostly ectotherms and temperature has considerable impact on chemical

toxicity, toxicity studies are mainly performed at the laboratory standard (20 °C) or species’ optimal temperature.
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We investigated the effects of temperature acclimation (20 C, 24 °C and 28°C) on physiological and sub-cellular
effects in Daphnia magna during cadmium (Cd) exposure (0, 20 and 40 wg-L™). Endpoints included acute Cd tox-
icity (48 h-EC,,), 21-day survival, 21-day cumulative reproduction (21-d CR), time to first brood (TFB), energy re-
serves, electron transport system activity (ETS), stress protein hsp70 and metallothionein (MT). The present results
demonstrate that the tolerance of D. magna to Cd elevated as temperature decreased. The 48 h-EC,s at 20, 24 and
28 °C were (40.2+9.9) pg-L", (15.6£2.7) ug-L" and (10.7+1.9) wg-L™". At 28 °C, the 21 days survival of D.
magna decreased by 23% (20 wg-L" Cd exposure) and 87% (40 pg-L" Cd exposure) compared to control (20 °C,
0 pg-L" Cd exposure) and cumulative reproduction (21-d CR) significantly decreased. Energy reserves decreased
with increasing temperature and were 46% and 62% (0 pg-L™" Cd exposure), 48% and 60% (20 wg-L™" Cd expo-
sure), 80% and 91% (40 wg-L™" Cd exposure) lower. Only when concentrations higher than 40 pg-L", Cd expo-
sure can affect the energy reserves. The acclimated temperature and Cd concentration did not affect electron trans-
port system activity (ETS) of D. magna. Both acclimation temperature at 28 °C and Cd concentration at 40 ug-L™"
can alone induce significant rises of hsp70 and MT. Under the combination of temperature and Cd stress, the hsp70
levels increased significantly, then decreased and the MT levels increased significantly all the time. In short, as for
Cd for which a lot of toxicity data is available, inclusion of toxicity data at different acclimated temperatures to ec-
ological risk assessment would ensure more comprehensive protection. Moreover, hsp70 and MT maybe an integral
part of the general stress response in aquatic ectotherms and may not be simply viewed as specific biomarkers with-
out consideration of environmental factors.

Keywords: Cd; temperature; Daphnia magna; 21-day survival; energy reserves; hsp70; MT
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AR 2 WK, TRl 2 3B A Ak, KA RE R 3

() FL A AN [ 3 7 30 8 % £ A R 1) 5% T
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1 (A)ARENEMBE TAEIER 48 h-EC,, R EITERE; (B) F4 K KRB ZEREZZEH 21 d FiEE
I R — A PR EARRLE MR T 225 56 A FRMUER R RS R 2SRRI 3 P<0.05,

Fig. 1

(A) 48 h EC,, values with standard deviation (error bars) for three generations of Daphnia magna which

have acclimated to different temperature; (B) 21-days survival with standard deviation (error bars) of fourth

generation of D. magna after different Cd exposure

Note: The first letter represents the difference between different temperatures under the same concentrations and the second represents the difference

between different concentrations under the same temperature. Different letters indicate significant differences at P<0.05.
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C R WIEIL21-d CR H 40 ng- L' A RN KT 62% .60% F1 91% , Mi7EF—IRET, LA

WM T TFB, WEEIRF 40 g« LB, X KT ERAY e B i A7 P
60001 ~  80x107r 20 C
A %\ B 24 C
S 28 C
oF _Aﬁ aA 8 2 60x10°
£ 4000- En aB T
] —
ho 5
€ =
s Ba P Z 40x109F
T a
51 i BS
IE . 2000F Ca' ca’ g
® g EP 20x107%
= b'b b'b' E E
£
g
o 0 20 40 ' 0.0 0 20 40 '
AR E /(mg - L) FBE (mg - L)
Cadmium concentration/(mg - L) Cadmium concentration/(mg * L)

B2 ARFEEFREMAREMBE TREZENEEMT(A) MEFEZEE(ETS) (B)
T 2 T P — AN E R RIE R T 122 5, 5 AN F R R EE T 122 5, R R B0 P<0.05,
Fig. 2 (A) Energy reserves with standard deviation (error bars) and (B) Energy
transport system (ETS) activity (oxygen consumption) of Daphnia magna after different Cd exposure and acclimated temperatures
Note: The first letter represents the difference between different temperatures under the same concentration and the second represents

the difference between different concentrations under the same temperature. Different letters indicate significant differences at P<0.05.

x1 ARBEEBREMEMEE THE—XEFHE (TFB) %121 d Z2FAEEE(21-d CR)
Table 1 Time to first brood (TFB)+SD and 21-d cumulative reproduction (21-d CR) +SD under

different Cd concentrations and temperatures

W (L)

R/ C
Concentration/(pg-L™")
Temperature/C
0 20 40
% —WAEEHHE (TFB)/

Time to first brood (TFB)/d
20 7.5+1.204 8.0+2.0% 8.0+0.3%4A
24 7.0+0.442 8.0+0.7% 6.9+1.0%
28 7.8+034 8.8+2.6™ 8.8+0.5%"

21 REBA5HE (21-d CR)

21-d cumulative reproduction (21-d CR)

20 88+194% 9046 94+17¥4
24 891742 95+12% 716"
28 954147 53415 26£12°¢

TE BB — AT RHRRARIE LR T Y22 5% S A FRMURA R E T 19225 . AR P<0.05,
Note: The first letter represents the difference between different temperatures under the same concentration and the second represents the difference be-

tween different concentrations under the same temperature. Different letters indicate significant differences at P<0.05.
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. 20 wg-L'4@B%REE T IR 20 CFHiEr 2] 24 C
it hsp70 BH . | TF, 24 °C 1 28 °C Z 18] %A 28 1k,
40 pg LW T, YR 20 CHmF] 24 CHf
hsp70 B i 7}, 17 28 °C I8 hsp70 B AT 24 C
b, AR, 76 20 °C,40 pg - LB 2% 5% fig W . 34
hsp70 BY7KFEH 20 pg-L' IZEEE T hsp70 %A B &
Ak, FE 24 °C 5B BEM 0 2] 20 pg- L™ hsp70 [
K- Bifi 25 8 v %) 358 i 38 L A 20 pg - L E 40
pg- L hsp70 (7K V- Rl 5 W BE A B4 w1k, 72
28 °C ,hsp70 47K - 2 5 Wk 3 ) 38 i A1, AL
R 25 22 WonTRE R LA SR < B AR YT hsp70 5 1
BAEH,

1.2+ % ] C'C'
041 % %

0 20 40

AP /(mg + L)

Cadmium concentration/(mg + L)

3 ARERIREMIERNEE T XEEM hsp70 K F
TE : 22 ST h 8 — D R RARLE MR BE T 2257
A TFRREARRE T 225, ARFEALER P<0.05,
Fig. 3 Hsp70 levels with standard deviation (error bars)
of Daphnia magna after different Cd exposure and
acclimated temperatures
Note: The first letter represents the difference between different
temperatures under the same concentration and the second
represents the difference between different concentrations
under the same temperature.

Different letters indicate significant differences at P<0.05.

2.5 EJEMmEN MT
P 4 Ay P I T 2 B ) R MIT ZKSF- 1)
S, XFBRA] HATE N IR LIRS 28 C A BES R MT

100
120 C
7224 .
_ % mmsc
;;Z%o 60} e
I3 77’
¥ E g0} %
oy %
Ba' aB /
20+ A4 Aa %
’ 0 20 4
A /(mg - L)
Cadmium concentration/(mg * L)
4 FAEEEEREMEMEETAEEN

ERHER(MT)KFE
T 2 ST P 5 — A P RN RLE LR T 9225+, 55 A
FRAERA IR T 25, AT EHLER P<0.05,
Fig. 4 Metallothionein (MT) levels with standard deviation
(error bars) of Daphnia magna after different Cd
exposure and acclimated temperatures
Note: The first letter represents the differences between different
temperatures under the same concentration and the second letter
represents the differences between different concentrations
under the same temperature.

Different letters indicate significant differences at P<0.05.

*2 RESBEREMEEMERANAEZRARELRE SN
HNERFEDTER
Table 2 Results for two-way ANOVA for effects

of temperature (T), cadmium (Cd) and their

W\

interactions on the different endpoints

measured in Daphnia magna

295 L i LI x4
Endpoint Temperature Cd TemperaturexCd
17 Survival 0.12 0.06 0.04
P3H® Reproduction® 0.09 0.21 0.06
RERE Al 77
<0.01 0.02 <0.01
Energy reserves
ETS & #:*
0.53 0.68 0.06
ETS activity®
Hsp70 <0.01 <0.01 <0.01
MT 0.09 <0.01 <0.01

T B AR AT R

Note: * Data were rank transformed prior to analysis.
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