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Effect of Cu* stress on activity of prophenoloxidase activating system in Procambarus clarkii

ZHANG Juan, WEI Ke—qiang”, ZHAO Ting

(School of Life Science, Shanxi University, Taiyuan 030006, China)

Abstract: Copper(Cu) is one of ubiquitous contaminants in the aquatic environment, causing potential immunotoxicity to crustacean. In the
present study, the effect of Cu®* stress on prophenoloxidase activating system( proPO-AS ), the most important component of innate defense,
was evaluated in freshwater crayfish Procambarus clarkii. After 96 h exposure to sub-lethal concentrations(0, 1.0, 3.0, 5.0 mg-L" and 10.0
mg-L™7") of Cu*, the activities of prophenoloxidase(proPO) and serine protease (SP) in hemocyte lysate supernatant( HLS) and the levels
of total haemocyte count(THC ), phenoloxidase (PO ), and hemocyanin(Hc) in haemolymph were determined. Results indicated that there
was a significant reduction (P<0.05) in crayfish immunocompetence, including proPO, PO, THC, and Hc, at higher Cu** concentrations.
The SP activity was obviously inhibited only at 10.0 mg+ L™ Cu?**. The aqueous Cu®** may play an important role in regulating proPO—AS by
inhibiting THC, He, and SP. The immune factors, such as THC, proPO, and PO, could be considered as sensitive biomarkers of immunotoxi—
city in crayfish species.

Keywords: Procambarus clarkii ;hemocyanin; phenoloxidase ; serine protease ; Cu*

T, FRE KA IR TS R H #5 YR N el K S8 S BTS2 — | HLE ARV
Qo12 i EFRER AL AR FE A RS (Cu) B STERREEY K. T gekikd, B [RIAER (Macrobrac hi-
um rosenbergii ) . f % 3& Xt R ( Farfantepenaeus paulen—

i HHA.2015-11-08 . 0 1 . N -
AT ST e coosorogion);, 50 ) JUI BT (Litopenaeus vannamet) 3 535 7
LT AA 5|3k 5 TF % L 00435 F (2006) Y I 240 B o D I o A AR B R L B AR R

TEERR gﬁ ;; ;;93;— E; é;/rﬁ@%;ﬁ%%%fg; gﬁ%gif NI TEERRAR 1 X R AR 5 S L TR, AR
4 2 URF5E . E—mail . .com == A= N /= % 1A
FIBIEEE B E-mail . kqwei@sxu.edu.cn ; kqwei88@aliyun.com - ﬁl:l W i 1}1& =L ? »Cu i ?zg IEI% EFI 7" KJJ % i E % El



866

R S Y 35 EESH

(He) W 4 AL I (proPO) By 48 AL (PO) AR AR
AR (SOD ) 45 F 2 A0 i DN 1 8 2 B0 o0, {HL g ¥k
JE Cu™ 2 FEURNTE A B i 5 (ROS) B K- v
FRAEREMERLN . BIFFE R, IE R ROS A B THLAR
AR A , Qg A I 240 P A A R R
F:(-OH) AT (0: - ) 1 AL (H0,) S5 1
S P ] ) (ROTs ) e A W% K 1t ] ) ol S 7
KA ROS Wik pA i, HAE AL, %
B E A HL0, i R ST 2 i 58 1k
SEATCIAR , S AL I A 4 T 24 R 2 1R (PTO) , 1 il
T 2 PR W R 1 (PTP) U6 P, 35145 T 9k T2 4 i 5
NK 4", H AT, AR R E SR Co 1 E
AR Z—

HSE B S BB RN TR IR S BE LA, T3
A S S AT SR e 2L . o, Iy SR AL B s
Z 4t (Prophenoloxidase activating system , proPO —AS )
JE SN ARG, 78 1L B )/ NBRL AR (SGC) 5
WURLA I (GC) & il ME A7 FUREIL , i proPO PO (A5
AN 1 (PRP) | 22 24 IR A 11t (SP) K HA il 571 25
EZ U iV e e G R E ) IR R NN
BWESF TS 5, JCTEPERY proPO JE UHA
BPETEVER PO, 1E3X— FRI AR S p 22 A TR
Pl A% T AP A R el P I i 2R
P12 o IR BV 1 90% LA i S 4RI 2R 11, 4

IINRE ) FI HC2 (B AR il 2R K rT R BL S PO
TEPE T Cu W BEFH S AT 38N HC2 () mRNA 58 s
XERHT, e s sk B rb i i 20 AR L i 5 2
7 PS40 i N B9 proPO (SP F1 PO 7K~F-5 proPO-
AS ITEPERFYIAHDE (HXT E 58 15 Y Cu 2 ]
% proPO-AS BIHLIHIEATERE

o, R LR (Procambarus clarkii )3 & 715 [ h
Y111 (Arthropoda) . B 52 44 (Crustacea) . + /& H (De—
capoda) ZEUFRF( Crayfish ) , J5™ T 85 P4 EF AL A SE [
(2 S = N TN o A ER I PR R N 1 T
2013 4775k 50 T3 to SRR AR AN R IR 45
MEERAR, & R AR I RE JT R , 25120 ail i JoT 1 5T
AR TSR SE AR )z T
FEANY) P E I LA S AR 78 PR T Gl R =X S 00 5
P, BT ARSI DA CoP B R IR K B IR
J BT AR A, 33 3 A AN (] Ve JRE R B ] %
T, i 20 A N P AT D | 22 2 R 1 TS R D
1 NSRS S = A3 = S 2 N O

S A S S A U
| RS

1.1 ELIEHRSiK
1.1.1 1k

{0 U B 50 A 11 e [ R B R, 1R (8.3
0.5)em A (18.9+4.9)g, Il F K i T+ 117K )™ 1
Yo SEIOHT, 78 7050 WU B B K R AE (45 em x 30
em X 30 em) EFFE 7 d, A H 2 IR BERERE, K
TN (2622)°C, SEITT 24 h {5 11 fm]
1.1.2 5

TRERH CuSO04+5SH,0 Ay 43 Hr 2l (R e i B i fh 2
BT, ST K ECH] 10 g- L7 Y Cu Bl
# F;L-DOPA .LPS .BAPNA %50l [ Sigma /Al
1.2 iX¥e A%
1.2.1 Y 5oRA

KR ERAK T e Bk . ZERTHAIINAS Y 96 h
EEICHE (LC5x=22.14 mg- L) FEAE I, % Cu® ik
JE A B E K 1.0.3.0.5.0.,10.0 mg- L (G T 96 h-
LCso 1 1720 .1/7 174 F1 1/2)4 PR |, FF AT
Cu BT REZH . BFHALFR 15 FEECIT, [l B 3 N
o T YL 24 48,72 .96 h BEALAIE 3 &, B4
AR FRATILEL 9 FEECUF, BT UK FRREF 15 min )5, I
PUEER (% hE 2.05 g FriERR L 0.8 g.NaCl 0.2 g, i
ZOKHREE] 100 mL) 1) 1.0 mL {3565 25 FELC B Sl
R LI
1.2.2 L2000 22 R ) ol

2% Hernandez—Lopez SEUR) 5 =) 4% M4 it 224
ff A (CHLS ) o K- A BB I 9K L 700x g 4 “CEG 015
min(ZONKIA KDC-140HR, #1 [ ), [ & W VE Hy i
FE 80 CLRAFA s UTUE FH R AR AR LR /K E 48
J7 ,700xg 4 “CES Ly 15 min, B, OO AR Y
A PRERK IR E], Z A5 RS 2 A I A0 A R Y
(Scientz—ID, F[E )AL FE 1 min, FFZ: 15 000xg.4 CE
> 20 min Ji5,  FIEWRED A M40 0 244, —80 CLR-AF
% H.
1.2.3 i 4t 5t i 0l

27 Nicosia "1 J5 7%, B 20 WL I bk B2 3
TS (i1 2, K Je i n 320 ot 4 B 5l b, 7D AR
(Olympus BX51, HAS) T4k,
1.2.4 & S p e

Z:2% Qiu SN 5 1K NS AR B R 10% 1 %
W, FEREFR L (Spectra Max M5, 32 E ) EI3E 334 nm



gk UE, 2R Cu® WA X L QMR ( Procambarus clarkii ) By 5 A 580G 22 0 78 P R S i 867

Ab (AW G AR . I B 7 (mmol - L) = (I I W%
P (B S I TR A AR )/ (T 6 2R B 2,69 R I B iy
TRFD .
1.2.5 W4 ARt I 22 40 1 P 1 I

LI L-DOPA N, &% Ashida™Fl Perazzolo
SEPW YL TINE o T S AR 1 < B 100 Ll I i
5100 wL 20 mg-mL™" %) L-DOPA &%), 7 490 nm |
BEEU S FE(E (Spectra Max M5, 32 [H ), BEFf 30 s 321
— W, LRI 10 min, By A A0 RS M - B 100 L
HLS A 50 pL (4R & A EE (1 mg-mL™") 7 b #4006
#1,25 CHCE 10 min, ZJS A 50 L L-DOPA , 5 min
JE A 800 wL #R 2% #i (pHT ), T 490 nm 4b53F&
30 s EHURSEEE , 3L 10 ming ¥JLA 1 mL 1745
535 ODgo 35111 0.001 2 — MG FALAL(U-mL™).

I Pan 52 )71k, LIBAPNA NIkt 14454,
PR T (RS PEAGIN . B 100 WL HLS 5 1 mg-mL™ LPS
HATRA , FIRACE 15 min, ITA 500 wL Tris—HCI 2%
IR, 30 CIFF 30 min, Bl S IILA 200 pl 50% 2 BRZ
1SR o X REZE A TBS B HLS. FREEFR{Y (Spectra
Max M5, & [E )7E 405 nm SO FEE .
1.3 RSt o

B EE R LI B R 1 22 (MeansSD ) 5 o
FIIFH SPSS16.0 X 5 45 4 1 5. [ R 7 22 43 #r , P<0.05
N2ESFERE (EHLL * F0R ),

2 EREHH
2.1 Co™Bhiei 3 4R A4 0
QNP LR A S I HEZEL i 240 L

(THC) WA A8k, Bl B ] A 4E 4, Cu*(1.0~10
mg L) AT, 2R 9 THC B A (P<0.05), 1L
10 mg- L' Cu® il Jo ok 2 . MRk (1.0~3.0 mg- L)
AL PR Yewg 48 h THC S 81 38 W P o 4 1 R 3 i
R (5.0~10.0 mg- L) REES XF THC i .
22 Cu”BhEXT MIEE A S ER RN

196 h @&, UL 1.0 mg- L7 5 10 mg- L™ Cu*
XF LT 0L A 11 (He ) 5 12 990 il JG A BH f2 (P<0.05) .
Wi 25 Y 75 B ) 9 22K, 3.0 mg+ L 5 5.0 mg - L Cu?*
BT He &5 530 A 22 AR 8.2 (P>0.05),
S SE RS B 0 78 K A2 B 1 K B
(K 2),
2.3 CuBMBEXTEY E W ERE MR I

FIPE 3 AT UL, R TRIWJEE £ Co % I 7% ) SR AL
(PO)TEEII A B2 AP HIVE I (P<0.05) . bifi 5 B2 #E )

[ 4L 1.0.3.0 mg- L™ Cu®ZbFHZH PO 5B T
[%,5.0.10.0 mg- L™ Cu>*AbFRZH PO 3G MEZHT E T, 7E
eBE 96 h J5 AR JE Cu*(1.0~3.0 mg- L) by @ e 2

oo

[O0mg L O1mg- 1" H3mg-L

o Smg-L" 10 mg-L™
-l
é ®
X 4r ==
I — *
& - T
2, = % +
5 — =7k
= - =71
= =
0 B
24 48 96
SRR i) /h

1 REMRE Cu™ BB X 5e FC R 2 4T i 48 M £ a0 2200
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content in serum of P. Clarkii
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Figure 3 Effects of different Cu* concentrations on PO

activity in serum of P. Clarkii
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Figure 4 Effects of different Cu* concentrations on serine

proteinase activity in HLS of P. Clarkit
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Figure 5 Effects of different Cu** concentrations on proPO

activity in HLS of P. Clarkii
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