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JOT N 22 GA PR I . 22 28 I B 1 AT 0 500 45 1 O o A —
FEHRZ I (B2 45, 2018; #51&, 2016; Dawood, 2012);
TEAZFE A KF |, Sasiifi /KA EYH) DNA
DNA &5 R4, HAEHUAL T | 588 % (BR%
45, 2004); TEANALAKT b, R2sim a5 85 1 BT ) 45
g K A= BRI RE , 11 X8 F 7 28 100 g I 25 i i
YEHI(E 245, 2004) . HEEHIE S B9 R (MBL) &SR
GPERFEEM N, bR T 456 B il A 4 2% 1 i
LRy, K PER B RIYE A (Gupta et al, 2008; Pradhan et al,
2010; Summerfield, 2003), i AT DL 22 5 R 85 (1 B 45
G ROEAMAEFE R MBL 3848, #Em R DA %52 51
BTt (Walport, 2001; Presanis et al, 2003), 1 [-fF
i, Cd* & UMLK 22 R 2R LU R I 3407, 7e AL
K% 3] Cd*Mhba, 24 MBL & A AR A5
M7 24 DL AH CHRGE

*# F& 1 (Exopalaemon carinicauda)& 3 & & %
A TEIR K Z —, DU i 5 it e (B & 0 5%,
2007), TE B H SR FR5E 0 30 1 1 358 52 3 4 JE 5 UL 1)
[ H 558 (2R, 2001), FERTIIAGAFSE H, 3K
ME R B A T B SRR R (D)
W kF, GenBank H 55 : MK105910), AH5TE it
X% IR AR R Cd> kil F BB AE AT, BB
JE A 4 S 3 TR i AR 2 T

1 MRS

RS S U HE AR AR, B0 Uk MBL 4
PR A7 S0 W B R R IR Y RFAIE, #F5T MBL
S DN AEHLIAR B 48 PR 105 R4 A 5 U B < s 4
i, W5 MBL & TR RLIARSZ 215 2 1 Wil Jn R 14
fESE B2 FIH RNA AR, B ZEbLK
TET Y a it — 52 B e T )5, MBL SRR
2 5 R IR R R AR

L1 SEIHR
S BT A B S R O S SR

K H(6.5£0.5) cm, IRH 4 (2.540.5) go SEERATKEA
AP FRAEKIR 25°C . R 25, pH 2 8.0 HFR4H
FLP(50 cmx40 cmx30 cm), 24 h AN[E[W R4, i
B —k, BRI SR G TG -

1.2 ZHEABRE

1.2.1 AR & ¥F R R 4L R Bt TE I fEE B R AT B
RHIFORA AR A E5E50H) 3 B, R EH
1B R AT CRIESE T ) 3 8, SE8unT % AR
WRIEAT T 5 JEAG N, A6 3 At 7 R A A o 43 ik
BCHL A 5 R R RO P AR . B L FFRBEAR L O L R
W, WLP . BREEIE 8 ALY, T RNA AR
122 485 F i LHRM kR cd
XE R R 96 h 12 BOFE &M R 3.650 mg/L,
CA> X P 0 Y 22 42 T R A 0.3650 mg/L(M 5%
4, 2017), BLiil 1 mol/L A AR (R 3 b iR A FR A
FIA YRRV, TR 4 2 TR R B VAT, REE Y
19 0.01, 0.0175, 0.021 F1 0.0278 mmol/L, Ff% 7 %}
MR, e BEAEFRAEAR (50 cmx40 ¢cmx30 cm)N i
1T, HFE 50 B, BAFRAMARE 24 h AW R .
1.2.3 RNA Fik b 5 ft BRI B A A A R R
WP BRZH AN B el 3 R 50 B, BRI 3 B R HAF),
5t siRNA %F MBL #AT 3 UTER, T siRNA T4k
51PHE 4 Z(THIFRAN AR LR = BRI E R A
IR MBL J£ R 4 & 711 350~371 bp) (% 1), BAREEAE
75 B TR-102-T7 RNAI Transcripition Kit (Vazyme,
HENR UL BT, TIA BT B R AIFES 4 ng
sIRNA, VEGIERALOMER AL, XF B2 55 e 45 8 (AR
AT 4 pg AR K . AT sIRNA AR LK 0H R
FIUF 24 h J5 (3% 8 RNA TR Uil 45, 345 24 h
Je T AR S I R0, PR TRRA (Cd™ YRR
0.021 mmol/L), 7 4 FppavkE T, KM 0.01 F1
0.0175 mmol/L)FHa T, 4N, MBL Rik &40
R EE (0.0278 mmol/L)HA T, B HIFET- Rk,
mHA 0.021 mmol/LIRE T, BARERAMNET-RET,

F 1 BEBIsiRNA TSI FR AL EE PCR 5I4IRIF T

Tab.l Primer sequence of Exopalaemon carinicauda siRNA interference and Q-PCR

51¥) 4 FR Primer name

519 F %1 Primer sequence(5'~3")

EC-MBL-Lectin-miRNA-A1
EC-MBL-Lectin-miRNA-B1
EC-MBL-Lectin-miRNA-C1
EC-MBL-Lectin-miRNA-D1
EC-MBL-Lectin-QR-F
EC-MBL-Lectin-QR-R
EC-18S-QR-F
EC-18S-QR-R

GATCACTAATACGACTCACTATAGGGATGTGTTCGGGAGCAGAGATTTT
AAAATCTCTGCTCCCGAACACATCCCTATAGTGAGTCGTATTAGTGATC

AAATGTGTTCGGGAGCAGAGATTCCCTATAGTGAGTCGTATTAGTGATC
GATCACTAATACGACTCACTATAGGGAATCTCTGCTCCCGAACACATTT

ACACTCCTTAGTCAAACCGT

TACCAGAAAGCAAATCCATC

GGGGAGGTAGTGACGAAAAAT

TATACGCTAGTGGAGCTGGAA
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2 R ERAES

SCHG TR A, SORT RN B MBL &G i R IA
AR RS 1.2.2,

1.3 = RNA BYIEE

R aE S R 8 AN HURE A, A TEAR RS 0.
3.6, 12, 24, 48, 72 F1 96 h HUE:, RNAi THL5L
WU 8 MR, A TR 00 30 60 12,
24, 48, 72 A1 96 h B, WK BHEH
IR K B2 F U A JEF MR AR 22 9 R U L R8I I RNA
AR G (i AR T AR TR AT BR S /D FEHC RNA

1.4 ZEA[A MBL EFEALAERMERE

RYEA LI = O ARG R H IR MBL 2y
G, WPt T, 43644 A EC-MBL-Lectin-
QR-F(IE [ 9" 84 51 ) A EC-MBL-Lectin-QR-R(JZ [f]
PIGGIYNGER 1), DL 18S rRNA SH NS EE (A5 5%,
2017), SERF9¢ Y6 E & PCR W f# FH SYBR Premix Ex
Taq i) & (KEFAEY)), PCR VKRR 20 pl:
2xSYBR Premix Ex Tag™ 1 10.0 ul, ddH,0 4.0 ul,
cDNA 4.0 ul, EC-MBL-Lectin- QR-F1 0.8 ul, EC-MBL-
Lectin-QR-R1 0.8 ul, ROX Reference Dye 0.4 pul,

PCR W FE/F: 95°C 30s;95C 55s,60C 315,
40 MIEH; 95T 155, 60°C 60s, 95C 15 s (Mifit
MR

1.5 HEsIHS5SH

B R IC R4S S 50 o R R SE T, 3

BEBIET R, AKX
S(%)=[Dty+Dty++++-+-+Dt;]/Nx100

SHEBIET-H, D HH R T MEEEL,
t AR SR KRB, N O RS SEER 2 o B LR B H .

K1 SPSS 18.0 il Excel 4K 1% Sz 6 Bl #1748
40T, JF R LR R 5 2253 1 (One-way  ANOVA)
HEAT 22 5 WA VR T, A W PR R 0 SR 1 T
Tukey HEFFITZH HE(P<0.05 H#EREE, P<0.01
I 225

2 HBRE5HH

21 BEAH MBL EENALRREST

FI D E HE R T9E MBL 3 N 7R B 1 IR A [
HAUP R FRIRAE, RIZE R 1 ik, MBL A
PRL7E S I v 2ok de f i, LS HA 2 217 A 25k
22 5(P<0.05); FEHABAHLICONE. BRE . § | 6. )R
W AR ILF AR

WLIA J B e 1 F () 2T ) AT 90k 5
X MBL 2 NA [ H A FB R AT 0 b, A
AR 1 PR, Horb, FERTBIR bRk B R
HAHA LU A 25 22 5 (P<0.05), HUGR 0 ME
S A L LU XS & BL(E 1), MBL &7 U
P IR A0 JEE 28 30K A 8 23 T

5000 -

4@t 4 Healthy group
B %54 Diseased group

10000
5000 o

0 I | I R R—
E 8 H H G I M O

£H 2K Tissue
Bl 1 A F MBL 75 i e R RN 25 IR
ENGE AN S e (R )
Fig.1 Analysis of expression characteristics of MBL in
different tissues of healthy shrimp and diseased shrimp

E: HRAA; S: 1; He: JFHER; H: JOJIE;
G: 81 B; M: QLA O: B
RN 5 X IR 25 5 0 3 (P<0.05), **FR G
Xof R 20 22 52 1 2% (P<0.01). T[]
E: Eye stalk; S: Stomach; He: Liver and pancreas; H: Heart;
G: Sputum; I: Intestine; M: Muscle; and O: Gonad
* indicates a significant difference from the control group
(P<0.05), and ** indicates a significant difference from
the control group (P<0.01). The same as below

22 RETHERARKREMARMERHNERER
#F MBL & E Rix 5

BRI, 5XTRRAA L, Mg oA R AR
() MBL 35 PR 75 FF M e 0 A A o 282 3 o o i) ) B 4
Mg, (B34 E E4EF MBL 3 K7 R IR A i AH X 3=
KR AR AN [ 94 R - Bt s 1) B 738 Ak PR A 22
F(E 2), #WEFHIE N 0.01 mmol/L K}, &R HIF
MBL 3 K75 T e Ji mr A AR 0 2 1k B AR B 30 P £
##, {HAE 6 h Fl 24 h BP AT L, SXH4 2R
B (P<0.05); H4ETWES M 0.0175, 0.021 Al
0.0278 mmol/L i}, ZEMr AP, & B FEF MBL &4
FE R P A s IR A A A L, £ 12 h )5
2 BT, 3 Rk SN E 72 h BRI R, I
B XNFIRZH 25 5 1B #5(P<0.01), 72 h ZJ5 PR R %,

23 RNA THEEHEBI MBL EERREEDH

B R EMF MBL A X 257 RNA T4
Ja AL anE 3 s . A RN s, Tt

MBLZEE R AR Rk
Relative expression level of MBL
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# 0 mmol/L
6 | & 0.01 mmol/L
## 0.0175 mmol/L
5| 8 0.021 mmol/L
B 0.0278 mmol/L

MBLE R AT R IA R
Relative expression level of MBL
N

K 2

HEZH A5 B2 LI MBL 556 PR T JBR I mh AR A R 3 3k 3%
BT ES (BT BA M, THhR4aFR
FIUF MBL i PR 78 JH i i o i A X 2% 38 1 Y IK X6
4H, 7E6. 12, 24. 48, 72 f1 96 h B}, RNA T4
FITE FEZH A R IR MBL 5 R 7 JIT JB AR o B4 A 0 26
iAo P M 22 R (P<0.01),

B A IF RBIET-RAE RNA T AT 7776 i %
Z5, mE 4 PR, @EER 0. 3, 6 h 3 4T

—

O P, N WA WU OO

88 % HEZH Control
B RNA T4 RNA interference

MBLE:F HAHR FIA B
Relative expression level of MBL

0 3 6 72 9
fif[E] Time/h

K 3 RNA THUEHREAHEF MBL ik aBEa [E A8 1k
Fig.3 Changes of MBL expression in E. carinicauda
after RNA interference

120
# Xt HR4H Control

100+ #® RNATE RNA interference

%k

*%k
80 B
sk
60}

40t

Ly A
Cumulative mortality/%
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0 1224 48 72 9
FtE] Time/h
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Fig.4 Changes in cumulative mortality of E. carinicauda
after RNA interference
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Fig.2 Expression of MBL in white shrimp with different cadmium concentrations
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FET- R 0 T RR A

3 iTig

WO LB, W e 28 2 e A 3 7 1l 20 il =
JHF IR AR i ik s de i, PRIUE, X2 2R A Dk 2
76 25 2 W B 18 R G b EE B2 (W #% ' (Soderhdll et al,
1998; Gross et al, 2001), AHF577EH FE FHUF MBL (¥
YU SRR TR Z B, AR A MBL 76 T
fRh ik, IF 5 HAA LA B 5 S, I,
FEF DA T AR 2 (IR MBL 3 2 (U0 4141,
WU & A 0 BRERIEA T LTI 2 B0, B EF MBL
T T 1 i 1) 2 35 ek Al B AR 0 2 4, 3 T A U A
MBL 7 I i & #4526 AN B BV T . IFST I,
IR A SR AR I T R LA B B SR e, R
W AETEAR | H SRR R (Silvestre et al, 2004, 2005),
17 P IR AR S 1 MBL A9 = B0 21 20

J TV MBL 75 5 £ JR 40 B 7 hia T iy 284y
fiE, AWFFEFI A 4 P 4 @5 s ik Bk AT 3, &
PHASE T T B B4R S T S MBL 78 T I AR o i) 6 ik
RAE RTHE MRS, BTk B BKET, MBL
) RIA R TR SRR E R R I, R
B 38 5 K AR A AL N B AR TS ) DY R
(VFRISEE, 214), B RERS SRR OO S, 2006) . #4
PRTEHE A (4 2 %, 2016) N BLAE ETHE T RS,
X 5AMFE h MBL 164 2 IR 32 3150 25 e 5
LR —2, Hit, &R A MBL XH4@ 1A
AH—EMNAER, E cd” it )E%E B HEF MBL &
FEAE FAAEAE 26 I fa) R ) ), @ ) Cd™ &R S
¥ B FUF MBL R ¥R 7E
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Biological Functional Analysis of MBL Gene in Resistance to
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Abstract In order to study the expression profile of mannose-binding lectin (MBL) in response to the

stress of heavy metal cadmium (Cd*") in the ridgetail white prawn, Exopalaemon carinicauda, changes of
MBL expression level during 96 h of stress were analyzed in the tissue of hepatopancreas. Five Cd*"
stress concentrations (0, 0.01, 0.0175, 0.021 and 0.0278 mmol/L) were set up in the experiment, and the
samples were taken at 8 time points, i.e. 0, 3, 6, 12, 24, 48, 72 and 96 hours after Cd** stress. The
real-time fluorescence quantitative results showed that under the stress of high concentration of Cd**
(0.0175, 0.021 and 0.0278 mmol/L), the expression level of MBL gene in the ridgetail white prawn
increased first, then decreased after reaching the peak at 72 h. There are significant differences between
experimental group and control group at all the stress time points. When the cadmium ion was
0.01 mmol/L, a lower concentration, the expression level of MBL gene in the ridgetail white prawn tends
to decrease from the beginning. Further interfering down the expression level of MBL using the RNA
technology, it was discovered that the mortality rate of Cd*" stressed individuals were higher than those of
the control group. This study showed that MBL potentially took part in the protection of E. carinicada
from Cd*" stress.
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