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HE H T HF %A R A 4T (Exopalaemon carinicauda) A& K B & Fn R E B B E R, KEER AT 2 A
BUE A B 2 H(E 3 C 3. AT D #5051 AB #) oy 35 45 3 M e R 3 AR (B A L ER(PO) . A LA
B AL EE(SOD) ., B 14 5% B B2 (ACP). #k M 3% B BE (AKP). JL T JA B (Chitinase) & 5 % 3% & (MH)]#4T 7
EZRUR, FREF, AKBEE2HPOENZRAEE, AL L 2H PO EME EERE
FEad, 2otz REE; WM, AKBEHMAFEY K POEEZRTBE; W, £
BEBERTAEKS L, BHM, 2B EARERTEKY . £EKIKE 2B SOD 7& & #i
m, HzrB¥F, YL EH SOD EMEFRTE M E, W HER L EE; B,
AT AR ERTAKSE, WM _H2RFEE; FH, 2B ABERT AR, 2K
FENH AKP, ACP E N HERABERKNAS, AP MEREE, EHMESEKBHEE
e AamE; B, BTH. BH, EKBAMBES T AL £KY L E2H Chitinase 7&
A MHBERRETNARMERE, ERHATES, AL oMEzRBF, £HH LN, ZARNRE
s, BE rHE=REE; BMAmH, EKBKEERTAENE, FHAEKB L BERT
ETEB . AXERNBERANA KB Z AT ZIHATHE, EREFN, KRG EMATEYEE
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KH#IA EKBLE; ETEBE; Rk LT B BUEBE

hESES S917.4  XEAARIREE A XEHRES  2095-9869(2018)03-0120-06

* AR B AR R L TBE 42 (CARS-48) . 1L 75 A A TAR T H (LINY2015002) 155 & AL 27 5 HOR [E
KA FZE AL BHT R H (2015ASKJI02) 4L [F] %¥ B[ This work was supported by China Agriculture Research System

(CARS-48), the Program of Shandong Leading Talent (LNJY2015002) and the Scientific and Technological Innovation Project
Financially supported by Qingdao National Laboratory for Marine Science and Technology (2015ASKJ02)]

¥ %, E-mail: aspenxy@163.com
O @EilfEH: 2 i, FF5R5E, B-mail: lijian@ysfri.ac.cn
Wk H #H: 2017-02-14, WeEelfs H #8: 2017-03-27



%31

V% B R EIRANRIBE R o0 S il . LT Bl B R iR Al 121

W BUSE SRR A ARG S S HAK EF .
R N B PR A S B DDA OG o HH S8 2850 B R AR 1 O
PR 25 S 3 4 L ) — B BF 9T A0 B (2R B OB AE,
2014), WSEshPmi e — ey MLAE 3 FhEAL: &H/
Wi J7 SR MM R AT AR R T, T — I R AR 2t
AR BT A TN A PR o5 A R AR K W R TR AR
R AR KERMIKIG, Bad 2w, fikk
PRI R I SE AR K o W R AR IHSE R B8, i
(OERA=INE N 7E R [P )i RN ALY |- L1 &
A S s A, BBk B S, FE ST
PR B 5T, AR SR A 25 & AR ANERIE S Y
EARL BN, R A E R AT P A R I AR R R
(Hartnoll, 1974),

W FEHE ISP Y R W iR
(MH)(Skinner, 1985)F1 X #% B 52 Mt 52 G143 Wb 14 151 K2
NS E (FE A, 1995 FEEY . HAh, W
PR Z S, WJLT Bil#(Chitinase), JLT BiE &
THFESh Y BRI SR B v, A 5 F 08 & e
Bt R — AN E B A P AR, LT R X —
PR PR 3 2 O0C HE A4 H (Funke, 1989; Elyakova,
1972; Jeuniaux, 1963) 8 52 2 2250w $I1F 2 4 #LT)
REMYAETE, Hose 25(1992)fF5x W, 7 bid jr ik 72 oF
R N T2 R, RS2y A
FL T (SOD) | R 11 Wk IR it (A CP) FI A 1A % R il (AKCP)
GRR B I R G b i EE A N T By A ALF(PO)
2 F 32 ol ) B R R B RN B AR R e, R A R e )
fiE A B B 38 #5 (Hernandez-Lopez et al, 1996; Smith
etal, 1991),

1 ¥R (Exopalaemon carinicauda) X 44 4 4F .
MFHFIRE, RIRA KRR, 7838 EWHE 4 4
A, JU LA e i e (R IE A, 2003), A REH
WS AE BRI —FREAE 5~6 H FN 8~9 H ; MEUF o4 A 245
¥, BT LA B RS HEA TS HC, 32 FC iy ME IR A5 2R A T AR
Wi K7 o FEEHEHA,  FR A6 DI AR A 5 0 [ B 5 )
TIREBEEZWRAEA, Ft, HRMEERE 1N
AW EHE , ARG LUE R IR X5, M ARBEFH
) SOD, ACP, AKP . PO i Jj Fliii 5z #H 5¢ ) Chitinase
67 MH RBEARAL, WIS T A KW . A5t
B 2 RO TRIE R A3 2 (81 2255, N ST sh it K i
FEHLHI TS S S

1 MRIEFE
1.1 SRy
FHEAK A ILAE HRIBRKZHRAT, 1

NG IIUF RIS AR, Hodr, R A
MK N (3.2240.21) em, 1R H(0.49+0.04) g, ML
PARIRAK N (5.4240.34) em, RHE H(1.58+0.22) g,
B2 R 77 T 200 L (9 PVC MiH, FEAH 50 |2,
B FRMGKERE N 31, pH N 8.2, /KK 24°C, 24 h
FREL e BRI 2 RIS IR Y, Wei5dK 173,
HELLFRH 10 d 5T IA 5L .

1.2 L HE

121 2 A$EARS  KRMEREANH R AR T
KM, SEOGIRAYIE R R AR W R o M LAY S R 43
NN FURAAL N, H, BRELE Bl A IR
I ISE B Ry A B SE RE  ARAE P A 145 K T (Neocaridina
denticulata sinensis)( F % 75, 2014) 1 FL 44 ¥ Xf #F
(Litopenaeus vannamei)(Gao et al, 2015)f) )5 WL AT
B2, o it sz ()30 (C ) . i S R 30, AB
). W ATHAD B, BCARRIERH B D2 W)
122 HERERLARE SEER AR ET SR 1R,
EIE JIUF . JOERERIAS A, R BT 5 R Y R
BT E WS, IR K S I R
& R SR AR IR B2 - A BRI 0.1 ml 15 0.1 ml %%
MITEE RN A (PUEERIBC T : 1.588 g FrigREN, 3.92 ¢
NaCl, 4.56 g #i%jB%, 0.66 ¢ EDTA-2Na, 200 ml
ddH,0), 4°C 5000 r/min &[> 10 min 5, B I,
BT 20CKMRA. B TPATIC3 B, BB
W3k 3 417,

1.2.3 H&NZF % PO. Chitinase , MH jlli& &
WAy ) Y I o IO FH R AAR S 00 72 T 2 A AR Y i TG A
WEKF-, W ks 0 & Ui 15 ACP, AKP,
SOD i & 1 [ ma 5t g B AE AT . B 100 ml i
WHAE 37°C 52 B4 30 min 745 1 mg Bl 14~ ACP
o AKP i 71 507 (U)o TE N AR R H1, SOD #ilifil K ik
50%FHsF T Xt W A9 SOD #7247 1 4~ SOD 3 1 #37(U) .
PRERAE WL UL 5

1.2.4 #FESH LRI RS T B bR
22(Mean£SD), [RFPIE AR 30 . AN TR Fhiy Jz [/]—
533153 A ] SPSS 21.0 4T Duncan FIA 57 t 46
%5, One-way ANOVA #EATFLR K I 22407, LA P<0.05
25 i

2 HRE5HW

21 BEELER(PO)ENEARFEE 2 HRIEN
PO TEA R KA AL UL 1 & 1l
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AR 25 W) PO WG 1 2 AN 26 AETE IR 4
S0 PO E ) R RS FHm a R, HA 2R
3 (P<0.05), (A AR, AW K F A= B 6 K2 /9 PO
WS ARE,; BrE, A5 R PO I ) i 3
IR TLE KR B2 (P<0.05)5 MBIy, A:FHE B2 PO i
1 T A KW (P<0.05).

300r [ |83 Intermoult stage

R3] Premoult stage
250 B 5 Postmoult stage

By A ALBETS /1 PO activity/(ng'L™)

Growth molting Reproductive molting

BT 2 g e 045 o0 300 B SR A i 72 Ak
Fig.1 Variation of the PO activity during different
stages of two types of molting

() 5E B B AN [R) 0 S TR S B s 22 5 W 5, AR b
W58 B 1 ] — 73 /NG T RER AR . T )

Capital letters indicated the significance of the difference
during different stages of the same molting type, while lower
case letters indicated the same stages of different types of
molting. The same as below

2.2 BELYE L E(SOD)E N ENRE WK 2R
T

SOD i 7 7EAS R it Bz 91 A 28 AL LI 2. fh 1A 2 w]
I, AR R 40 SOD % R THE s, H
255 11 3 (P<0.05) . A= 78 Wi K7 J5 W11 SOD ¥ J7 4k & IK
T AT I (P<0.05), [E] I FIRTHA SOD i J1 22 5 A8
W IR, ARFESE Y SOD i 1 W AR K
Wi Rz (P<0.05), i #2259 ARE, J5 A s i
i) SOD ¥ J7 i 2L T A K Wi K2 (P<0.05) .

2.3 EEMMEEACP)ENEARSE SN

ACP i JJTEAS[R] 0 B2 HH ) A2 AL UL I 3 i [E] 3 1]
T, AR R 4543 ) ACP 5 B e T R R R R B
HA0 22 5 1.3 (P<0.05) . AR B Bz 5 A K i iy 114
ACP 3§ J A Ak AR R R0 . Ao . JE IR, A4k
Wi Kz 1 ACP 3% 778 I 35 185 T AR B W B2 (P<0.05) 6

2.4 FTHEBEEAKP)EHEARGE SR
AKP % JFEAN [R5 Rz o3 W B A2 Ak UL P 4. 1] 4

[ [8135 Intermoult stage
T # Premoult stage
B /53 Postmoult stage

Ca

N
W
1

Ba__

[\
(=]
T

—
W
T

HBEALYE AL EFYE F7 SOD activity/(U-ml™)
>

5t | s
B
EXS Y3 EYLiY 3
Growth molting Reproductive molting

K2 2 Bt Bz 945 20 30T B AL AL S A8 4k
Fig.2 Variation of the SOD activity during different
stages of two types of molting

18 Ba [/ Intermoult stage
16 T3 Premoult stage

B /53 Postmoult stage

—_
N
1

—
N
T

ER VBRI 51
ACP activity/(4x FE#4/100 ml)
o o

AR A TR RZ
Growth molting Reproductive molting
B3 2 Bt fe i 45 20 ST R P B R S ) A28 1k
Fig.3 Variation of the ACP activity during different
stages of two types of molting

70 [ [E]3f Intermoult stage
Ba Fi$] Premoult stage
60 B /531 Postmoult stage

Bb

S W
(=] (=]
T T

BB RRRETS /1
AKP activity/(4x FB43/100 ml)
s &8

—
(=]
T

AR HEFE IR
Growth molting Reproductive molting

Kl 4 2 Filst K2 i 45 o0 S PR B R T % 1 22 1
Fig.4 Variation of the AKP activity during different
stages of two types of molting
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AL, AR A& AKP I6 BT R AR
o H &AM R (P<0.05), ARFEE 5 A Kt
FZ IR AKP 36 AR s AR, [0 . mirdb . JE
AR 7 B AKP 5 80 5 2 e T AR B I R (P<0.05).
5 ACP R fLia Al

2.5 JLT JRBE(Chitinase)iE W EAREHLR S HIRI TN

Chitinase {if JJ 76 AN [R] 45 Bz 43301 a9 28 fL WL 5. He
& 5 AT, AR KW K2 4% 20 Chitinase 1% 1 22 W TH e
R, H 4025 W3 (P<0.05) . AR5 Wi 1
Chitinase % JJ 2 oAU TR, HA 2R B
(P<0.05). [EIHAIRETY], A48 K 1) Chitinase 15 /1 3%
B TR BRI H (P<0.05); JEIIF, A K Wi K2 fY Chitinase
1% 77 0 2T A2 A B K2 (P<0.05) .

160 - [ [E]#H Intermoult stage
140 A Premoult stage
_ " M /53 Postmoult stage
L 120F Ca
5 TR
RE 100} -
g “ .
BE ggl As -
i g . o
R B
’;1 8 » 4 » 3 :
TSN
Q » . » 3 D
20F |F.F -
EIEY 5O
0 + . 1 .
HERBLR HEBE S R
Growth molting Reproductive molting

Bl s 2 Fflst B2 45 0 WL T G 1284k

Fig.5 Variation of the chitinase activity during different
stages of two types of molting
26 WIEHERMH)REERRELESHAZL
MH ¥ JETEAN [R5t B2 73 24RO I 6. AT 6
AL, AR 4540 1) MH R S T e g, (H

£ /813 Intermoult stage
HiI Premoult stage
20
ABa Ba g /=4 Postmoult stage

—_

W8 B2 R VR
MH concentration/(ng;
oM b O NS

AR L)
Growth molting Reproductive molting
Bl6 2 Mg He 2% 70 05 K IR e B AR Al
Fig.6  Variation of MH concentration during different
stages of two types of molting

AT S RS 22 S A B3, 5 MH W B &
T HH(P<0.05) . AEFE M K7 25 73 I 2 S RIS T
e, HAS 22 5 05 (P<0.05). TMIT. BT, )5 0
Bf, AW B9 MH ¥k AR 3 T A A
(P<0.05).

3 Wit

Wi Je 2 s sh MR & & I —A bRk, 2 AR
AR DB B TR, HoshPml i Ll —
BN E A, FEAE S, 5 I R AT DA 4 S e
JA . RE SRR . (R R O AE (BRI S, 1999;
FEH 2 5E, 2004) 057 IR EE A AP AR A4 R0 S ot
Bz, M 32K B0 Bd 7 AU BN S, ™ o 24 1 A AP G A
7 AR FRAE L B B AR . R I R A6 B A
25, [P A IR, N T4 58 B S S iRk 1 &
REATER, WA RH 3K A 5 R R AT AR %56 %5 0]
B, 2 N TE T HARA 2t — D05 o MERR 1Y LA
LS AU, I, ARSCIRSE TR 5
AR RIS B e R vp B S R I B I AR 2 TR Y AH L
F, ACAMREE S R AL B B BRI R BE R,
W R R . S A N T F AL S AR

RS, WAL R R SN BT
AN 3t AR e 2 A o e Bl U A4 e P O R
F S A Bl I R G 0GR RE R R ok, R
PO AP BRAE o 107 1 48T TG ) S MR 2R 1) i 4
bRz —(PEPRAESE, 2000), 7E 2 Rl st fe, K
W6 R AR AL 25 SN R, AR A i Ry T I S e S PR I T
=, ATRE S RS HEBR A G, iX 5 Alexander %5(1992)
FIBIFFEARARL o £ BT H A7 78 25 i 288 =5 5 0% 25 1 il 40 71 59
RS, BRAE £ 00 Fp AT AR BE T S RE SN, R R AR
o r -t B 7 A o T AR T R R AT AR
My S A IS P L DB IRAY & 55 (Alexander, 1992;
Gregorio et al, 2002). &M =4 S5F A = A7
TEAE — 5 WA G, o IO AR SR AR T 2w B T 1R 4
AV, TGP AE R PR R AIEBR . SOD A&ME—
DATE PR IR B B A, AR A L5 A R 7K R 4R
o WERHT S QIR . FEAEUR &, AR M Al
Bw, P, AR TG A B S SOD
677 A BN AE A = i SOD & 1, J5 M
5 AR T AR R e J5 1, 33X AT g 5 A A gt Rz ] BT
1R F AU HE S 5 W HE O O S AR A0 G AR R i
KB HAR S, ACP FI AKP J2& 52 8 (1 5 K A s
RN EZENSEE, R 5 s Pt m a1
Ay H % [ F-(Darnell et al, 1986; Jiang et al, 2015), 4=
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Mt Rz AR B 50 B AR A R A [R] 7R AT B i
T3, B AR FE W e A 338 3 ARG T AR W, X AT RE 5 O
HREA K, EWE R, IHWJLT Bt LT
JoT A Sk o XF RS2 LT ol 5 S R T G R B
A ARWESE, Espie 45(1995) % BLIL T o B 4 7= A5 5 5t
KR W %A OE, JLT Bl mRNA 9£AS
2 B R IR Y, X 5ASCH Chitinase {6 715
MH ¥ AR {b R A AH — 35 o 1717 AR R W8 e R AR Bt 3k
&, Chitinase 7% J1 fl MH ¥k AR AL HIASHHE], 724
P R AT IR AT R SR R B A G, X 5P RAESE
(1990) 1 BIF 58 45 R ARRL, % B 58Nk v A2 o B
(Eriocheir sinensis)fifisr UM AR AR J5 , MLk L 20-37%8
WE K7 B R =, FESE 10 RJGHER RS, TR
MBS MR R EA K. ZE LR, MAER S T
Wt Rz R S TR RN SE R 2% 3 AR AR RO AR fL g Sl A
G e AR 50 B DXL B B 04 K A AR AE T AN TR
YU ELR B 2 B R LR S ) T T
et 58 iz A O Tl 8 3 /KO- o 2RI
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Changesin Immunity-Related Enzymes, Chitinase Activity,
and Molting Ecdysteroid Concentration of Exopalaemon carinicauda
During Different Molting Stages

XU Yang'?, LI Jian>*", CUI Yanting?, MA Li'?

(1. College of Fisheries and Life Science, Ocean University of Shanghai, Shanghai  201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao  266071; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National
Laboratory for Marine Science and Technology, Qingdao  266071)

Abstract The present study was conducted to evaluate the differences between the growth and
reproductive molting of Exopalaemon carinicauda. In this milieu, we analyzed the differences in the
representative stages (intermoult C, premoult D, and postmolt AB) of the two types of molting in relation
to three parameters: non-specific immune indexes including phenoloxidase (PO), superoxide dismutase
(SOD), acid phosphatase (ACP), alkaline phosphatase (AKP), molting-related enzyme (Chitinase), and
ecdysone concentration (MH). The activity of PO during different stages of growth molting exhibited no
significant difference. While the activity of PO during reproductive molting decreased at first and then
increased, and showed significant differences among different stages. At the intermoult stage, the activity
of PO of growth and reproductive molting was not significantly different. At the premoult stage, the
activity of PO of reproductive molting was significantly lower than that of growth molting. At the
postmoult stage, the activity of PO of reproductive molting was significantly higher than that of growth
molting. During growth molting, the activity of SOD at all the three stages gradually increased, and
demonstrated significant differences. During reproductive molting, the activity of SOD at the postmoult
stage was significantly lower than that at the other two stages, and the difference between the intermoult
and premoult stages was not significant. At the intermoult stage, the activity of SOD of reproductive
molting was significantly higher than that of growth molting. At the premoult stage, there was no
significant difference between them, while at the postmoult stage, the SOD activity of reproductive
molting was significantly lower than that of growth molting. During growth molting, the activity of AKP
and ACP at all the three stages had the same trend, that is they increased at first and then decreased, and
the difference was significant. The activity of enzymes during reproductive molting had the same trend as
those during growth molting. However, the activity of enzymes at all the three stages during growth
molting was significantly higher than that during reproductive molting. At different stages of growth
molting, chitinase activity and MH hormone concentration had the same trend, that is they gradually
increased, and the difference of the stages was significant. Furthermore, during reproductive molting, they
decreased at first and then increased, and the differences between the stages were significant. During the
intermoult and premoult stages, chitinase activity and MH hormone concentration of growth molting was
significantly lower than those of reproductive molting. During the postmoult stage, chitinase activity and
MH hormone concentration of growth molting were significantly lower than those of reproductive
molting. The present study conducted is a preliminary study on growth and reproductive molting. The
results showed that there was a significant difference between the growth and reproductive molting
because of the ovary development. The results provide a theoretical base and a scientific ground for
further research on the mechanism of molting and artificial breeding.

Key words Growth molting; Reproductive molting; Immune enzyme; Chitinase; Molting ecdysteroid
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