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(1. E K= BRI 5 B m K =TT T, B KPR T R Ry, MRS = 572018
2. ARV AR A 8 R g U L B R T R R L RUSER R, )R T 510300;
3T PR E R, WL T 315823)

WE: W HERFTHANEE MR EZZAM B EEH M ENE, RET #EGHEA)
Fo B BAET R P A g 6 7 3R MR, R R TCBS AR 1T 00k 40 M 424K i L E A
B, RAE&ERMEEN AL HEA Y E (SOD). it 4 4 8 (POD). it £ 1t 4
(CAT). B M 8 (ACP). 7 |45 B B (AKP). 75 5 B (LZM) % % 240 x B fr § & A 58 .
fefisE. ERBEHAEER. FREF, FTRANEBAANESCEMARNARTE
ERIm, BHK B R KM, KFEH, CAT. SOD. POD. ACP 1§ & A B & B 7 Mt 34
EFEH. KFFH, POD. AKP. LZMEMH L7, HEZEH THRA LK EH;
ERmEHAMLL, CAT. SOD. ACP. E& Al W EMEAN TR, GxXEAHMLL,
CAT. ACPE B EHm, BEEA®H. RMEEE ZR(C, W SOD. EH BT
DELM. KRB, ZHMEL R KB EERARF A TR, £ POD. ACP
EMAREZEE T4, CAT. SOD. AKP. LZM EM 5 BA L L ££5, MEEL
Be. JEfiBe. EMBELREEMRTHEA. FAREW, “BEE"F AR EENINE M
EEAARF, WBRWEEZES5HMAEHSETNRFERLZNER N, T UX
I CAT. POD #a ACP & M 1E J 77 3 7R B2 <0 4 o ™ B9 A4S 3T 40 48 4%
KW TR AR, “BTE"; B, %%

FESES:S944.49 XktrERE: A

75 B A KR (Babylonia areolata) J& & & 2N
(Gastropoda) . #1 & /& H (Neogastropoda) . ik 15}
(Buccinidae) . % X2 )& (Babylonia), =7 E R .
J7R . VUM S AT R N R
— U SR IR i AR 2 R Uk, A A R
A AR A, ™ 2 ) BE AR KU
FREA R R . o, B IE " (ISR 2t e
T-4E”) (RBS, reverse back syndrome) /2 i 4F 3%
FRAE T W, R B A WATIE T K
Pl R MRS | FETC AR L R T IROME SRR AN

i HE: 2019-09-17  f&EIHHEA: 2020-02-02

RIRWE, Jr BEAR ARG 1 25, TE e, ok
PRFFIEST, ALREMD BT b RRERE R
RRMBEBZ RO, RGNS NE
EL 25 C /NS S R S G SO P |
PAANURS . BHATHEE BL, &R R 32 2R
W, G460 4E N QB (Vibrio harveyi) 13 G iR
W (V. tubiashii)®™

5 BEAR WIR g v T MESh ), I X
PEZRGE, AR AR 4 S M A 98 2R S IR A Dot 14
AAZ, A3 E L Y B AL (SOD). i % 1k Y il

BHMTE: 4 AR ¥ FEIES 318QN304); IR 7= Wb AR A & 8% % 15 (CARS-49); = I 117 b Hh BB & 1F T
H (2018YD19, 2019YD21); Ak &AM B & B (NHYYSWZZZYKZX2020)
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(POD). i &AL AW (CAT). W VEwE R (ACP).
Tk PE % 2 g (AKP) 13 B i (LZM) 55 . 5] B
XoT 9 L A B 98 I 2 B LA T IR ) T A Ak R
SR, X < B0 i3 i TR R I, 7 B AR AL
BHRRIE RS . WHILRGERFNZE, HAHE
BT o SCE 3 A i R RS [ o B B R T
BE AR RBEAR YOI TR & & . e A OCHE . JH fL
GBS ARIE, PR B AR A A I 5 BEAR
JRBER A Py = B R 928 g K 3 Ak T T L TR ) 1
ML, LASA R B 120095 1) & AR LI HE LS K B

L bR

1.1 SN

J7 BE 7R AUBE B 19V 44 O T T R AR XU T
JACFR I, b s AT BEAR KR, 5 B0 3 A4
HBFEAECETIE"; 52 & (2.7240.56) cm, &
JR i (3.85+0.79) g; FRAE W], JKiE 27~31 C,
pH 7.8~8.2, ihJ¥ 28~32, VAf#4A 5~7 mg/L, Mfd
J5RE 5 Bt B I R B %) % B v 4 S R B
fEE FRE B K RH TS R HRAE S, CRAERT, SRR
s 1 3 do

X HEZH 1E H 2 (control group, CG): F#5H b
hOCHR IR, IRRMEE, BIREEH, ARELS
WV s RRE Ty, T WUE S AR O 2
LT % iz 20y 70 o 38 O 2o o 5 P PR, 1
J& RE G AL Y R

T RE 7 BEAR KRR A 430 3 2

CEIATAE R O B AR KR SR B E
AR AFRBE IRV s (AT SR %R, T I AR,
PORTER SV N0 I N S N N U R T 9 2

“EHEFRE . 7 BEAR KRG s, 12
KT e EE AT, 2B SRR AU,
SEENRERE; DLy fihal 2L, 2L BE 4 R
IBRFEN

TR RE MRV . T BEAR KUIR 58 S AN REEL TP
IRANRE LR FFIE ST 58 T FORES, BT vbm L,
SR < B REIR ; RHERLSE R ERUK, SE A
ANREREE; LU flsl L, 2 WL BB LSS BN
(EENGE PN T
12 W7

3 00 B B SR 4 fiE B 5 AN [R) & 05 B B B AR
KA il FH TR K pE IR e R E Y,
R AT FHBR /N O Je iR I2 52, JG T 65 B
WA RA L, P TS T, A
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TCRABRERK SN, S5 2 4y, 43 kAT
SN BR B 2 I B il T I o G A B R
KK 5] WM 10, 100, 1 000F5 46 B F e, R
TCBS V#3552 1 H50E A7 18 RO R & = 0 e
BT 2% GB 4789.2—2016, % — 151 ¥
JAE 4 °C . 4000 r/min B0 10 min, B #CE
T—80 C UKFELRAE 45 5 BTG 1 00 7 >R FH A O
F & (R at @AY TR ST 4T, S )
£ SOD. POD, CAT. ACP. AKP. LZM %4y
FHOCREANGE BG . Nl . JER BT AR TE M

1.3 BEESH

0 ¥% K F mean + SD £ 15, I i@ b SPSS
19.0 BAFHATGEIT 0BT, S X B 1 5 3y 22
BT (ANOVA), AbHE A AR EEZS, HH
Duncan [QiEiHFFT L EH LB, P<0.05 HZERRFH.
Shy Rt 5 B O M 0 AR AR L TS 1 5 2R LA
AR BTG PR, VR X T TG P = (S 6 2 T T 2/
X HE 21 il 35 £ )< 100%

2 4R

2.1 “FREEXA AR RIEARNE S SRR

EFARET 7 BEAR RIR AR P4 5B 4 5 7F
AR IK S, & & 208 3.37x10° CFU/g(E 1), i
BT R A P IR B I 3E 1 (P<0.05),
BN 2.62x10°~8.12x10° CFU/g;  H. & 9% 1y F |
L BRI AR AR B 2 R (P<0.05), EILBENIE
(14 JRe IR P 2 s R S 1 Jin i) A8 Ak e 34

2.2 “EIEEE XA BEAR MR S L ERIE AR AR

DI HR A 7 B AR VIR T S8 AR TG 14 R 100%,
“BH T AE AN [7] B30 e S b It R T O M L IR 2.
“EHAFIE "X CAT B2 g 2%, KW, CAT
) 3% M A7 AE B 3 22 5 (P<0.05); K T,
CAT i& M B & T (P<0.05); KT, CATIE
PEA BT REAS (R4 25 5 T X B4 (P<0.05); &
e, CAT WG PRk feft, BEMT LMK E
WA 3] (P<0.05), I I T TG M S RE 2 A Y
BRRE, “BITSE W T, CATIRTERI N
“PFES I SOD G AR L5 CAT
A8 fE B A L. SOD FY 3 1 78« B 15 E - 1)
2 EF (P<0.05); HEB AL, SOD &
PEREAMG, SXTBAZLSARE . XU E”
KAE, SOD i Pk F 30l < S — Ml 7 ik A
fb#a# . POD 36 M th 2« B IE " s i & B T
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215
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I & &/ (CFu/g)
Vibrio content

LRBS

E1 ARARZEEFRTESEEK
B A5 B R AR FEZR: CGX R4, ERBS.«
B E R MRBS.“BIE T ; LRBS.“BITAE M H: TH
Fig. 1

Different letters indicate significant differences; CG. control group;

Changes of Vibrio content in B. areolata

ERBS. early stage of reverse back syndrome; MRBS. middle stage of

reverse back syndrome; LRBS. late stage of reverse back syndrome; the

same below
_ 400 rmcar
E O SoD Cy
§ ‘é 300 | O POD _]:_ b
o :
£ 200 |
(=] C, b a,
-]D? g a a, a4 4,0, azb
E oz 100 ¢
S
e
0 . . ,
CG ERBS MRBS LRBS
ZH 5
groups

E2 “EEEXAHEENIZERSCEREENZ
K AR R RARMFEREEZR, FTH. 87T 13
43 Wl #%& 7~ CAT. SOD. POD

Fig. 2 Effect of RBS on the anti-oxidase activity of
B. areolata

Different letters indicate significant differences, the same below. The

number subscripts 1-3 represent CAT, SOD and POD, respectively

BEWNAA, “BEE S, POD IE MK B #F
T (P<0.01), JEPEIEXTRRAL 2.5 f5 0L s &
i1, POD G AN E BJt, (BRI ES
KRB BN KT RN, xBTS TR,
PR Z B K K, (HOE A TR R
Xt HR4H (P<0.05).

2.3 “BIEECNARANBHEKE. ARk
praged: A0

DI HEZH B0 1 R 100%, B0 3 9 A 5] B
] ACP., AKP Fl LZM AH X B OGP an 1 3, “FHy
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hE 52 R, J7 BE 7R KUBR ACP. AKP il LZM 1,
KA T A, IEFIRET, ACPIGMEHAL, H
T3 BEAR WIR A B E” J5 . ACP I 1 4 i
FARAE (P<0.05); “FHEFAE” I, ACP I M3
300% LA I, S A ke 0 T 37 1 o e A B
Bl 5 ACP 16 PERF SR, (HTE & i 0945 b 3%
i T 1 B 1 % BB 2H (P<0.05), ACP 19738 b 5 i
S AR, BT RE” R AR, AKP
TP R A B AR L (P<0.05); FA AKP 75 5
AR BRI, BEIE PR REE, W
Fm T A S A I i G U I M A
XA TEEER . ZWYEdRaf e —
AR, 5 AKP BAE LA, LZM
3 PEAS fb Al 52 B e S R AR a3, HG
ko e (L HH B R 3

500 W ACP
=2 O AKP
2 L OLzMm

S g 400
+
0T g 300
Mg
2 2 200
= o i
= o
2 100 |
=S
&
0 L L L
CG ERBS MRBS LRBS
2H 5
groups

iE” % 75 BE 2R XUAR AL B . IR B
EMERIR N
TR AR 1~3 435 %78 ACP. AKP. LZM
Fig. 3 Effect of RBS on the phosphatase and
LZM activity of B. areolata

3B

The number subscripts 1-3 represent ACP, AKP and LZM, respectively

2.4 “BHERE"X 7 BEAR KARH BRI A0SR0

DA B8 20 J7 B 2R XU T A6 i TS M D 100%,
T RE o R 2 LU A R X S M AN 1] 4. 2
AR, R 0 PR TR R T & A I (R A
TEWFHER (P<0.05); “BFE"E, HEA
il 35 M 5 0 R AR L2 AR R e HRE

T R, B R A R 2R AR (R
BT, B E PG TR, RE T X

MR AN A . BORE, <BIERETRE T,
A R R BN T R AR
I 17 it £ 3% A A 5 B AR A R A AR AL
I 07 T ) 3% P A B A BT T, H2E S
RIKFN K5 A AR YT, s 0 e
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PR AR T B2 KR . B A A
SUITR] G 7 ol A A DA < T — D o e A Y
HaF o WHEGR BB, BT A i W T b g 14 335 11
YRR . BEE R F R, T I M R 2%
%, B IY], VA Ml P AR T X R AL
AU, < BATERE A AR L, S I R AR S <A
il

. 200 W EEARE  pepsin
g . O JlGWiEg  lipase
=5 150 | ! =
I
=5 100 |
=
B9
2z 50¢f
£
e
0
CG ERBS MRBS LRBS
4151
groups

4 “BIEREN T RARBIHEEE TR E
T 13 R BEAM. IR, W5
Fig. 4 Effect of RBS on the digestive
enzyme activity of B. areolata

The number subscripts 1-3 represent pepsin, lipase and amylase, respect-

ively

2.5 “EIEECHARENIZECEREREX
B E M E S /8 EVA D

U RE "y BE AR KUIR A 45 I 1k B L e g
AH Il 15 1 X IR 7 R F Cubic 772 (Y=by+b X+
by X+b3X) 2R ALY AT LI 43 A, A5 AR R 1,

Ferh R U e RA, A B U I R M S5O
PR ] A AR DG PR KM 25 R R, FAEEENLAY
5 T Al T B B 92 A S T X6 I BR A = %) (8l A 43
B, CATHY R ik, A 0.835; Hk A POD(0.78)
FI ACP(0.767); #x/INJ AKP, 4039, iX 9 Flifif
9 R {5 K /IME IR i CAT>POD>ACP>JI§ i il >
TE [ i>SOD>VE # i >LZM>AKP.,
3 W
3 ESES5“HEENER

IR AR — A BUR T, )iz Tk
W, ATAE KA Sh ik Y JERE R AT, IR
BRI B0 1 S O A UM G, I AT 5|
A2 T DU R G U, RIS T O BE
ARINIEIN R A s SR I R A B, fl Bl
FIRAE T, J5 BEAR RIZ IR & 5 R 2.0x10°~
7.5x10° CFU/g, S5 . pH. WHSHR £ & B &M
KM AR R R, RN S 3.37%10°
CFU/g, FEIER WGP, 1B i iE " iR i
BB BN, it 10°CFU/g, WL, KR
)R BA SR TTRE I B RAFTE R VIR R . %
S5 5 H A G N F 2 AL WA 2
TR, KM (Larimichthys crocea) 15t 97 9% K I
BURAT AT L R, R ARG R R KT,
S BR JR G R (14 38 K 5 9 0 1 R AR AR R B VTG
R 4 50 (Sepia esculenta) KA B IR 14 I
FedEH, IREE B A RO A S A 25 300 A5 LA L
HLRE 76 5 37 18 A B BT T 20%, SRR SR

R1 “BIEEHHERNZHAKR R EEXEEENINESEMEEFS

Tab.1 Regression analysis of digestion and immune-related enzyme activity on Vibrio content of RBS of B. areolata

[

EEFEREL  coefficient of regression equation

R F P
enzyme bo b, b, bs

CAT 0.835 22.721 0 —1713.081 444.289 0 -3.800
SOD 0.442 3.564 0.072 —412.673 124.610 0 -1.040
POD 0.780 15.956 0.001 ~7111.196 1 744.026 0 -14.377
ACP 0.767 14.836 0.001 —13 474.571 4366.968 —345.580 0

AKP 0.390 2.875 0.108 —4 489.302 1121.022 0 -9.520
LZM 0.438 3.502 0.075 —4685.078 1176.620 0 -10.184
HH B  pepsin 0.489 4312 0.049 -2196.170 578.656 0 -5.330
NEWiEG  lipase 0.622 7.411 0.013 —1148.332 318.686 0 -3.033
JERIEE  amylase 0.440 3.531 0.074 —148.224 65.229 0 -0.663
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TR R B R
REBORHLE LB, IR E T A 5 A E
FOM A EHEAT M AR, A A
LR AR B A AN AR L MOAN R
BRAASE AT ) AT U I R IR Y
ERBEORN T, AR T g, B
MARMIRE R, WAYIRL, B RE M MiohE
i H A 22 R A 1 A~ e 2 R 1 T
A EAURMAR S, BRI R SE R
e, SURANMEE R, =B S ARSI AL
TP BRER T B S A B RS EREE A, S e &
MMk =, FlEMm ERERE, UM E
A R AR IR B T R 2R IRBR R B E IR
W TR T BER IR R R 2 —, Xl
BRI 5 8 ST AR KUIR Y B B S e B R
Mg A B T AR KVIR R i [ B B e R Gk
ST A 5 42 ) 7R B K F B 1k 9D
KA HIRHARGOKFUEAL . pH B3l . KR IR
AR FRFHE G R 7 BEAR R A R A
G % NG 4 R A5 0 BE AR RIR e B 1 i R
W, — 7 A 7 R I S A A oy
W Z, N TN I REARNIRAAE s S — 7
T 7 B 2R XU e 8 0 8T I8 I 125 5 48 IV X Dt
AR o I B T IR 3 B SR IR 5 A
e 45 B0 B R KUIR I TR i B9 R AR AT

32 MENBEXBEENNESHT

ST SR R AUR A — R H
L R N, e s gk AR R A S AR A
FEA 5 HLIAR ™, CAT. SOD & POD & HLIA N
HEMPLEMEG, H CAT 1 SOD W RIVE A ,
= R AT, vl
MU Ak 8405, POD 3= A Ak o i HILIAR P9 19
Ak E ALY, POD 5 SOD i 4 48 fkh 7F —
FEFEBE L RS S ML Y S LR . KEAFAY
FW], CAT. SOD F1 POD %4 it S AL B 5 M 5 &
BB, REEHE P R 2yt EE
XK, WAZEMFZN R E . WiiZ (Apostichopus
Jjaponicus) 3 WK B (V. splendidus) 134 4 h )5,
SOD i i & F+ &1, BlJS FF IR T RE™; MR 4E IR
I T DT R 2 5, SOD W M B 3 T Y
AWK, CAT. SOD Hl POD % i & 1k i i)
TG M2 IR s I A2 4k s R, 3X = WA
feaSARL, ULEH J7 BE AR KR BL A BT A 1R R
PR EIPE o O B AR RV & A < BT E " HF, CAT.

https://www.china-fishery.cn

SOD #i1 POD % it S AL il 0% 14 1 2 & Th i, X i
AHICER 175 & 7 BREAR IRV A PN 7= A R e T PR
J5 B AR AR B A4 e Jak e B0 4 BB A R0 25 I B
AR, 2L 7= A B A T T B st 37 o A 4R P
T, UL R0 e AE . SR, BT
FE H R, Oy BE AR KRR BRI TG S5, AN
REAN VD . BEEr, M I £ 408 B4t R R i
MR FFBRER . THALAE . B AR E A 40
BRASPE . IRFE . M4 AIR IS LY, Ui
JER e ok A P A Y v O AR 5 | A R AR A
o 75 PR HE CAT. SOD H1 POD %5 il 1% 7 1
RRAR, T O BR 7 5 R T R, U B O B AR XU
HEPABD Lk 2BRIENARE, N
[l 943 B &4 J 7, CAT H1 POD By e & R UK,
FHIX 2 Pl 5 90 & o A A G PE K, B CAT
1 POD 1% £ 45 1 5 9B A8 fb 5 o fiUsk , fr DA AT
PIR ] CAT #1 POD iX 2 /™ i 28 AL A Ry 5 B A%
DA < TRH 5 R A ARG 0 D0 5 5 o

3.3 WEREEXCBIEAEC I N E ST

BERR e — PP IEBE IR MR N, P ARAE pH A
7] 5324 AKP Fl ACP, J2 V% il 1A% i 1) 0 22 26 W0
9, BARER. Kk, HALRYOERN, 230
WIRNRER RN EZARIL S, HES 55
MR AR5 7 %, JF 55 DNA, RNA, HH
JT . R AE AR A DGR, ACP R AKP DRl 5 i
B A7 A 1 175 B 40 A0 A0 /N J50kE 4 i b, 2905 D
WA RHUARSS, BI5|% ACP Hl AKP 7= A AH R Jif
&, HiEMEREF SN, A5, ACP I HETE
“EHATRE AN B B A S R, e ko L
ik B e KAE, T AKP 78 & 9 158 2 i R E,
X S AL B 3 HL BE 76 s B A5 8 T 7 8 S 1 T TG
AR . ACP &G PER R EFt, FIRE S HEA
BT ReA G, YR bR E e T R,
1M ACP W] 24 7R 5% 6 M A1 5 490 19 3 1T 45 44 LA it 4
1o S TR A0 AT 2 T Ik 4 e s S o
fif i B PR A < B E 0T ACP 3% P KR
o AWEHH 4 /B, ACP PR E R
MK, XU ACP 5l & & 1Y AH G W oK,
Bl ACP 1% PR 722 1k 5 9 A8 Ak LB Rk, BT LA
AT LR ACP il 9 22 A A SRy O BE AR XM < Bl 75 >
A I PE A 48 A o AKP {6 4 3k 21 f K Y B[R] 7
T ACP, {H7E % B 0] A BE B A &b 2 5
S B X AR 1 e e A, X 5 P S
H WS (Cyclina sinensis)™™ K MiFL B D (Chlamys far-

HHE K 7% 23240 sponsored by China Society of Fisheries
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rert)™ A5 X SN GE BY G K IS DLAH AL .
(Scylla serrata) AKP 7€ B 1 4% 14 & 1] 38 2o 7K i o5
i AT 3 T W98 1R S A g 0 A R IO TR AR B,
1M AKP 75 77 BEZR KR A P 84 5 5 BIL o A7 A i
—HIRR,

34 AEEXNHEEHNNE TN

LZM 2 — Mgt &, A T
HAVHRAE BB 7K A 20 TR A0 Jif RE b ) £ T
FEZBE, 2 R, DT IR RN BR AR A Y R
2 [P R 22 EC T AR B, AR LA 1% B A
RAFEEAE, RV, HWERARE, Al
& LzM Bpgs s 3R 1k . B89N (V. anguillarum)
YLK 6h J5, LZM BIgiiss S o 2 2k
TR )E , B R E(Ictalurus punctatus)
RPN LZM FEFFIE . RELIE A Sk ' v R 08 1 = B
FEW A E A LA B &, o B I S SC G
(Meretrix meretrix) JIf g it F1 68 ' LZM 1Y mRNA
KixmD MEARIEHREE B, JFRAS
TG PES s A LI, I BEAR KR LZM 1
PEAEINE YL T kA T 484k, BRI mE
FEARAE S, ZeBTFAE PR B B R (B, X i
WIAE R IR AR I, 5 BEZR KR LZM 2 55
THUARR BN 2, JF HAE B iE R A g,
L P Bl 5 B A XU A P I T 1 T o T
TR (R, LR BT A I R S AR
X 55K U A RIS 25 AL AR AL, 0w TRl RS B
PGS, S0 0 20 R PN % TR il ) e R L
i, 7E 48 h B iK B &, Z 516 S0 WG & it
BT EAR o 9 3 W ) LZM 36 PR R AR ] 68 5 N B
TEA, R W SR A B A A
s, MHLA B AL B (CAT. SOD. POD 4)
FIWERR |G (AKP 1 ACP) G PETE LK, K ik
W A B ML AR 7 W T BODLR S R G877 R AN T
HIRBE MR, REBE T LZM i . %
KSR, RO PERRR
3.5 HUWESX“EEE RN E S

TH 10 Bl 5 1 2 B oK = g 4 A B AL L BE
M EAR IR, YeE T sh Wt 8 3R W o i T Ak Tk
Were i, BRI, IHALERIIEEZIE 2 IR
Bz, A RApSE D AEERRA . KR
BEL A% L FREE Ty M AEAE 25 %, N BT
5 BEAR WIR B IS YEOE IRk, 5 BEAR RUIR (14 7
A IR Y. = B N 2 AN £ ¥ S

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

A, MIAMEFEIESE, T A AT P S e Y
REY) . INREERG R, s AR XIRE & A
it 15 PR 2 T, N D TR R —E B,
1T U 93 ol % P AT, 100 W ST J e 4t e T O R
RINIEXTEE . BRI ARRE T o B AR
RI, hlE R TE B G JE 52 G DL (Mytilus coruscus)
JG, BAMEHEEAEBE, ZFEFRTRE,
1M UE By Bl S PR X SR RE R s FL g UE X AR
(Litopenaeus vannamei) &Y BN H (V. alginolyti-
cus) J5 , AR B & ™5 De Schrijver
ZEPVYE R 25 6F (Scophthalmus maximus) F % BT
KBS, #EEINE (V. proteolyticus) ) L
T, REGPXEAMIERE ) B RS XAR
ARSI R B AR KR v D2,
1 0% 39 7 e e S e AL AR X A R ) B Ak
WY, B R R X I AR, 32 5 8
(14 375 P LA i B 22 1 28 1 5T g s A SC TilE (An it
AT . BRI B RS B ) 1 m Rk S PR
b S} 5 T B A B AR TR, B A
SO TIERE I, U . 0 R mE A
ity 55 % PE S REAIG, R R G B WIN,  [6) i
b 72 Gt DR 2H 2R 45 1 e HE 7R 1 SR A T 5 BUE B
TG ERRAR . 9 4h, 7 B AR XU 3 K 56 T A
Ji i FORE JER S AL B A, MILAAR IO X D ) Bz
ERTHEERLLER RS EZMaeE, HIiR
R SRS I e 0 1 1 Sk e B BRI g

3.6 “EIEERIHYIR AR

WX £, WERRFLIR A (Lactobacillus acido-
philus)™ . K B ZEMUFT I (Bacillus subtilis)™ 55 25
A DA AT B 5 7 B AR KRR R S e g e T . )
Hb, R e I I T R B i G A R 4 RE ) 3 R
i) Xof W B 1L 200 9. %% (total haemocyte count, THC),
SOD, P k¢ & (respiratory burst, RB). % 1k
fiff (phenoloxidase, PO). —%E L& & (nitric oxide
synthase, NOS). ¥ IfiLi% /. ACP. AKP FlIfil ii§
B E S E AR, H R R X X iR
o 5 48 B (19 52 W) R T A 8 1 50 o IR 7 B AR XL
BN HBA R R, TRBOKEES Y —
AR Ao SR T SRR R I LA P A R R
REHE = K B, IEW SRAERY, @
b g AR TR L GRE HG R R 4 i T B AR KR B i )
J2 T 7 20 T i 7 R R AT AR it . R RE Y
HYRIT SL R A R R, R RI 259 6 T RCR
FEFE2E 5, HL 254 00 fdt ek 1] 8 36 i 3 b sy

https://www.china-fishery.cn


https://www.china-fishery.cn

1508 KorE ¥R

44 %

RE A 5 AN [7] 2 5 B ST R AR Py A 92 mx%m

%#ﬁﬁ N0 7 BEAR KRB I 245t
%%\%%%\%Mﬁ%ﬂﬁmﬁﬁﬁﬁ%ﬂ,

i POD. ACP. LZM %536 PE & 3% m, Ui
g D E MILAAR P K A i R 2 TS LR e g
FRE, T HLAAR ) G 8 T R Xt D A Y RV
THEMERW, — BHURGREE RGO E DL X
WIRE AR, RERGHRVLASZEIET .
R AR, BERAR P D B A A AR, M
AT R AT N, s 24 4 P )
BILAAR 1) B 32 AH O il ) 2% 4 P 9 i T 1) L 3%
WK, HMEES G, Wk &R NERE,
TP TR A AR AN T £
X AL B 63 405 ok bk 7 B, O BE AR RUBR R By
WSS . RBEREYY . JC R IE ST A BT E
AR, 25 B G 38 Tt T 7 A 1R 5 DR Bk 1 A Ak
KA R, HHLUAMEL AFRBE®G, SECGA
RORBOREAC, WL, “BTE"KAER, K
FHARER B 6 25 W02 A 80 i 9T B

£ & 3 Hk (References):

[1]  GRAHE, TR, EIT 5, &5, 7R T AR IR S AR
A 5T B I IE AR 23 BT D). HEERL, 2017, 41(11): 82-88.
Zhao W, Yu G, Wang J Y, et al. Path analysis of the
effects of morphometric attributes on the body weight of
7-month-old Babylonia areolata[J]. Marine Sciences,

2017, 41(11): 82-88(in Chinese).

(21 SKHTH, SCUT6E, K Ely, &5 7 AR KR i ) hE 95 J5
T ) %%m&?ﬂﬂﬂhm HEERLE, 2010, 34(5): 7-

12.

Zhang X Z, Wen W Y, Feng Y Q, et al. Isolation, identi-
fication and antibiotic sensitivity analysis of bacterial
pathogen from proboscis intumescence disease in Baby-
lonia areolatalJ]. Marine Sciences, 2010, 34(5): 7-12(in
Chinese).

[3]1 EILH, EHhE, 5 A%, 5. 77 BEARXUR SRS AE”
I SR R T[], B 5 K= REAE, 2013, 9(5): 93-99.
Wang J Y, Wang R X, Su Y L, et al. Pathogen and
pathology of “acute death syndrome” of Babylonia are-
olata[J]. South China Fisheries Science, 2013, 9(5): 93-
99(in Chinese).

(41 B, wmyil, Z5KA7, S5 77 BEAR XM S v 9 B0 1 20
125 T P B 250 TR ROR 3] YL AR, 2016,
44(11): 267-269.

Liang J, Gao S, Li Y R, et al. Isolation of pathogenic

https://www.china-fishery.cn

[10]

bacteria from proboscis intumescence disease in Babylo-
nia areolata and the preventive effect of Chinese
herbs[J]. Jiangsu Agricultural Sciences, 2016, 44(11):
267-269(in Chinese).
BRI, STT1g, VL5, 55, J7 2% VBT 5 hE 1195
KAPBIRITREFR[I]. /K2R, 2016, 35(5): 552-556.
Zhao W, Wu K C, Wang ] Y, et al. Pathogen and treat-
ment of “reverse back syndrome” of whelk Babylonia
areolata[J]. Fisheries Science, 2016, 35(5): 552-556(in
Chinese).
SRS, T, AW, S 7 B AR R B9 T U Y
WEFE[I]. AKEELE 4, 2011, 35(5): 803-807.
Peng J S, Ge X P, Li M, et al. Study on haplosporidium
disease of Babylonia areolata[]]. Acta Hydrobiologica
Sinica, 2011, 35(5): 803-807(in Chinese).
MG, EeE, 508, 55 M IR TH T LA KU K
PRI I 50 28 4 5 T 50 A [0, Dl )k e
2014, 35(1): 74-81.
Liu Q H, Wang S F, Cai Y, et al. Isolation, identifica-
tion and antibiotic sensitivity analysis of bacterial patho-
gen from cultured Babylonia areolata with fulminant
infectious disease in Hainan[J]. Progress in Fishery Sci-
ences, 2014, 35(1): 74-81(in Chinese).
Xbes, ERihe, %, 5. J7 PR KR SR FETRE R
JR R FeRe A EER B L], AR, 2019, 38(1): 7-
15.
Liu X J, Wang R X, Ling H, et al. Studies on the patho-
genic bacteria and their virulence factors of “acute death
syndrome ” in Babylonia areolata[J]. Marine Environ-
mental Science, 2019, 38(1): 7-15(in Chinese).
hREARIMEER PAMTMEET RS, BXE
25 I B B LR R . GB 4789.2—2016. & fh % 4 1
FARME B mAWCE Y AR VR S BONE (S]. bR
o [ bR i, 2016: 3-4.
National Health and Family Planning Commission of
PRC, China Food and Drug Administration. GB 4789.2—
2016. National food safety standard, food microbiolo-
gical examinationg: aerobic plate count[S]. Beijing:
Standards Press of China, 2016: 3-4 (in Chinese).
AT RN S UK G A bR B T IR AR A [D].
i P EEEE R, 2010.
Chang J. Studies on sensitive immunology parameters
screening and evaluation in white shrimp Litopenaeus
vannamei and sea cucumber Apostichopus japonicus

HHE K 7% 23240 sponsored by China Society of Fisheries


http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.11759/hykx20170714003
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.2095-0780.2013.05.015
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.3969/j.issn.1000-7075.2014.01.011
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
http://dx.doi.org/10.12111/j.mes20190102
https://www.china-fishery.cn

9

BXORE, AR BT RE X T BREAR XU T T R B A G £ 5 1509

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Selenka[D]. Qingdao: Ocean University of China, 2010
(in Chinese).

Rojas R, Miranda C D, Opazo R, et al. Characterization
and pathogenicity of Vibrio splendidus strains associ-
ated with massive mortalities of commercial hatchery-
reared larvae of scallop Argopecten purpuratus
(Lamarck, 1819)[J]. Journal of Invertebrate Pathology,
2015, 124: 61-69.

Sawabe T, Inoue S, Fukui Y, ef al. Mass mortality of
Japanese abalone Haliotis discus hannai caused by
Vibrio harveyi infection[J]. Microbes and Environments,
2007, 22(3): 300-308.

Travers M A, Tourbiez D, Parizadeh L, et al. Several
strains, one disease: experimental investigation of Vibrio
aestuarianus infection parameters in the Pacific oyster,
Crassostrea gigas[J]. Veterinary Research, 2017, 48(1):
32.

VR, ORME, ERGNE, 55, L) IREE T BEAR KU AL
T8 R SR8 rp A B R AR B 5 B AL R T R SR AR (D]
HFEIR SR, 2018, 37(1): 62-69.

Ling H, Zhao W, Wang R X, et al. Physical-chemical
factors associated with the dynamic change of bacterial
quantity of alimentary tract and environment in Babylo-
nia areolate industrial aquaculture[J]. Marine Environ-
mental Science, 2018, 37(1): 62-69(in Chinese).

B UG, SRR, R R SR e O I A
Je LR FE R FEET]. K= 243R, 2014, 38(12): 2068-
2074.

GeM F, Zheng X Y, Wang G L. Detection of patho-
genic vibrios infection in Larimichthys crocea and its
forecast and warning of disease[J]. Journal of Fisheries
of China, 2014, 38(12): 2068-2074(in Chinese).

M, FEIPE, B, 5. 65 WA A IR 1 R B
O 5Ly ZH 40 SRR AN 2 U (0], K R
2, 2019, 26(1): 193-202.

An P, Wang Y G, Liao M J, et al. Histopathological
characteristics, pathogen, and drug sensitivity of vibri-
onic necrosis disease in the golden cuttlefish (Sepia
esculenta)[J]. Journal of Fishery Sciences of China,
2019, 26(1): 193-202(in Chinese).

TSR SC. WA YE I 4 2 B (OmpK A GAPDH) %
P SR P AT 9 A 2 U AAO JE IR A IR R B A8 AR A
PESLUR G734 (D). HUM: WL REE, 2007.

Zhang C W. Study on the immunogenicity of Vibrio har-

I

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

veyi outer membrane protein (OmpK and GAPDH) and
screening of cross protective immunogens of outer mem-
brane protein from several main marine pathogenetic
vibrios[D]. Hangzhou: Zhejiang University, 2007 (in
Chinese).

Mohamad N, Amal M N A, Yasin I S M, et al. Vibriosis
in cultured marine fishes: a review[J]. Aquaculture,
2019, 512: 734289.

Rivas A J, Balado M, Lemos M L, et al. Synergistic and
additive effects of chromosomal and plasmid-encoded
hemolysins contribute to hemolysis and virulence in
Photobacterium damselae subsp. damselae[J]. Infection
and Immunity, 2013, 81(9): 3287-3299.

Han Y F, Mo Z L, Xiao P, et al. Characterization of
EmpA protease in Vibrio anguillarum M3[J]. Journal of
Ocean University of China, 2011, 10(4): 379-384.
R, SR, na 4 IR B B 748 T 5 B A ot
FHER[I]. & & R, 2019, 40(6): 319-322, 329.
Li G X, Zhang C D. Research progress of pathogenic
factors and detection techniques of Vibrio harveyi[l].
Science and Technology of Food Industry, 2019, 40(6):
319-322, 329(in Chinese).

Choudhury F K, Rivero R M, Blumwald E, et al. React-
ive oxygen species, abiotic stress and stress combina-
tion[J]. The Plant Journal, 2017, 90(5): 856-867.
Martinez-lvarez R M, Morales A E, Sanz A. Antioxid-
ant defenses in fish: biotic and abiotic factors[J].
Reviews in Fish Biology and Fisheries, 2005, 15(1-2):
75-88.

FHg, IR, BN, & L8R E I Bl A
BUEAACHE I 0724 S A BRI BE S AT (). W R TE R,
2018(5): 109-117.

Wang H L, Wen H S, Huang J S, et al. Analyses of anti-
oxidant enzyme activity and physiological function of
Lateolabrax maculatus at early developmental stage[J].
Transactions of Oceanology and Limnology, 2018(5):
109-117(in Chinese).

FERWE, 24T, TN, & SRR BRI RGNS
] 22 52 HOWA R [J]. KPP RHE, 2018, 37(4): 494-498.
YanJ X, Li Y N, Yu G, et al. Responses of antioxidant
system in pearl oyster Pteria pengiun to copper expos-
ure[J]. 2018, 37(4): 494-498(in
Chinese).

B, RITW, MR, S Sk ER RE e T B0

https://www.china-fishery.cn

Fisheries Science,


http://dx.doi.org/10.1016/j.jip.2014.10.009
http://dx.doi.org/10.1264/jsme2.22.300
http://dx.doi.org/10.1186/s13567-017-0438-1
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1016/j.aquaculture.2019.734289
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1111/tpj.13299
http://dx.doi.org/10.1007/s11160-005-7846-4
http://dx.doi.org/10.1016/j.jip.2014.10.009
http://dx.doi.org/10.1264/jsme2.22.300
http://dx.doi.org/10.1186/s13567-017-0438-1
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1016/j.aquaculture.2019.734289
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1111/tpj.13299
http://dx.doi.org/10.1007/s11160-005-7846-4
http://dx.doi.org/10.1016/j.jip.2014.10.009
http://dx.doi.org/10.1264/jsme2.22.300
http://dx.doi.org/10.1186/s13567-017-0438-1
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1016/j.aquaculture.2019.734289
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1111/tpj.13299
http://dx.doi.org/10.1007/s11160-005-7846-4
http://dx.doi.org/10.1016/j.jip.2014.10.009
http://dx.doi.org/10.1264/jsme2.22.300
http://dx.doi.org/10.1186/s13567-017-0438-1
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.3724/SP.J.1118.2019.18093
http://dx.doi.org/10.1016/j.aquaculture.2019.734289
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1128/IAI.00155-13
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1007/s11802-011-1781-x
http://dx.doi.org/10.1111/tpj.13299
http://dx.doi.org/10.1007/s11160-005-7846-4
https://www.china-fishery.cn

1510

Ko AR

44 %

[27]

(28]

[29]

[30]

[31]

(321

[33]

4yt 3 A A S B 9 R e [T, 7 5 K R, 2015,
11(6): 73-78.

Hu J, Wu K C, Ye L, et al. Effect of acute salinity stress
on catalase of juvenile Amphiprion clarkii[J]. South
China Fisheries Science, 2015, 11(6): 73-78(in Chinese).
o MG, B, T, A5 R AR B LR T T S 1)
e S i B R (D). K= R, 2017, 36(1): 60-65.
Meng X P, Meng Y, Wang Y, et al. Effects of probiotics
on immunologic functions and intestinal microflora in
Pacific white leg shrimp Litopenaeus vannameilJ]. Fish-
eries Science, 2017, 36(1): 60-65(in Chinese).

Dong X Q, Zhang D M, Chen Y K, et al. Effects of anti-
microbial peptides (AMPs) on blood biochemical para-
meters, antioxidase activity, and immune function in the
common carp (Cyprinus carpio)[J]. Fish & Shellfish
Immunology, 2015, 47(1): 429-434.

Wil 2246, mid2, 5. 0 IR i B U 1 R 240
S Jls A o S S A SR Y L 25 AR AL [T, KR4,
2018, 37(3): 295-300.

Chen Z, Jiang ] W, Gao S, ef al. Response of immune-
related enzyme activities in the coelomocytes of juven-
ile sea cucumber Apostichopus japonicus challenged
with different pathogenic bacteria[J]. Fisheries Science,
2018, 37(3): 295-300(in Chinese).

ot NI, SR, 5. AN R 40 R BUF 07 RS 1
P G % A O IR B AR AT, B gk & 2015,
50(6): 947-956.

Jiang J W, Cong C, Dong Y, et al. The variation of
immune-related enzyme activities in the coelomic fluid
of sea cucumber (Apostichopus japonicus) after chal-
lenge with different bacteria[J]. Chinese Journal of
Zoology, 2015, 50(6): 947-956(in Chinese).

Yang C Y, Hao R J, Deng Y W, et al. Effects of protein
sources on growth, immunity and antioxidant capacity of
juvenile pearl oyster Pinctada fucata martensii[J]. Fish
& Shellfish Immunology, 2017, 67: 411-418.

EBP, fLbe, WAL, & S fRIR R B R P
BRIV AR A [3]. K2R, 2011, 30(7): 405-408.
Wang S P, Kong X H, Jiang H X, ef al. Changes in activ-
ities of acid phosphatase and alkaline phosphatase dur-
ing embryonic development of goldfish, Carassius
auratus[J]. Fisheries Science, 2011, 30(7): 405-408(in
Chinese).

P YL, R R, B BH, 55, 62 9K (Vibrio anguil-

https://www.china-fishery.cn

[34]

[35]

[36]

[37]

[38]

[39]

[40]

larum){2 G X 5 U5 (Cyclina sinensis) 4 W H IR % 72 i
e S FRIGK FEMALT]. PRSI, 2012, 43(4): 735-
740.

Luo K'Y, Liu X X, Ge DY, et al. Effect of Vibrio
anguillarum on activity and gene expression of gluta-
thione s-transferases in Cyclina sinensis[J]. Oceanologia
et Limnologia Sinica, 2012, 43(4): 735-740(in Chinese).

BRI, W I, SR, S 08 SRV 5 X M AL D
o B TS LRI RZ A [T]. B 77K, 2007, 3(6): 52-55.

Fan Z J, Yang A G, Lv Z M, et al. Effects of Vibrio
anguillarum on immune activities of Chlamys farreri[J].
South China Fisheries Science, 2007, 3(6): 52-55(in
Chinese).

Zhang Q R, Chen Q X, Zheng W Z, et al. Inhibition kin-
etics of green crab (Scylla serrata) alkaline phosphatase
activity by dithiothreitol or 2-mercaptoethanol[J]. The
International Journal of Biochemistry & Cell Biology,
2000, 32(8): 865-872.

Liburdi K, Benucci I, Esti M. Lysozyme in wine: an
overview of current and future applications[J]. Compre-
hensive Reviews in Food Science and Food Safety,
2014, 13(5): 1062-1073.

B AR PF. DK B 0 34 T B0 68 I B J 3 £ ol 23 42 [D].
F il WL K, 2016.

Qiu B D. The response of c-type and g-type lysozyme in
Large yellow croaker (Larimichthys crocea) to Vibrio
anguillarum[D]. Zhoushan: Zhejiang Ocean University,
2016 (in Chinese).

Wang R J, Feng J B, Li C, et al. Four lysozymes (one c-
type and three g-type) in catfish are drastically but differ-
entially induced after bacterial infection[J]. Fish & Shell-
fish Immunology, 2013, 35(1): 136-145.

R SOHE IR I SR AT S N i
WHA [D]. 7 & o EEL A Bl it 5B, 2011.

Yue X. Vibrio disease, anti-vibrio immunity and vibrio-
resistance  selective breeding of clam Meretrix
meretrix[D]. Qingdao: The Institute of Oceanology,
Chinese Academy of Sciences, 2011 (in Chinese).

KT WS IR T AE 38 M B R B v
SHZ3HT [D]. K KIET KA, 2017,

Zhang Q. The analysis of the immunologic function, iso-
peptidase activity and detection of the key sites of the
antibacterial activity for the Stichopus japoicus lyso-
zyme[D]. Dalian: Dalian Polytechnic University, 2017

HHE K 7% 23240 sponsored by China Society of Fisheries


http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.1111/1541-4337.12102
http://dx.doi.org/10.1111/1541-4337.12102
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.1111/1541-4337.12102
http://dx.doi.org/10.1111/1541-4337.12102
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.1111/1541-4337.12102
http://dx.doi.org/10.1111/1541-4337.12102
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.2095-0780.2015.06.010
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2011.07.008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.11693/hyhz201204008008
http://dx.doi.org/10.1111/1541-4337.12102
http://dx.doi.org/10.1111/1541-4337.12102
https://www.china-fishery.cn

9 1) BOHE, S CBHTAE R T BE AR KU T Al S S g5 A O Y ) 1511
(in Chinese). splendidus on immune indexes and digestive enzyme
[41] Natalia Y, Hashim R, Ali A, et al. Characterization of activity of Mytilus coruscus[J]. Journal of Fisheries of
digestive enzymes in a carnivorous ornamental fish, the China, 2018, 42(9): 1438-1445(in Chinese).
Asian bony tongue Scleropages formosus (Osteo- [491 W, UL, SRk SERAT B AN A TR X LR
glossidae)[J]. Aquaculture, 2004, 233(1-4): 305-320. PR TH AR PR RS 0 B P 1 se i [0]. R L
[42] Zhou P P, Wang M Q, Xie F I, et al. Effects of dietary FER 223, 2015, 45(5): 46-53.
carbohydrate to lipid ratios on growth performance, Xu Y J, Shan H W, Ma S. Effects of Bacillus sp. and
digestive enzyme and hepatic carbohydrate metabolic Vibrio alginolyticus on the activities of digestive and
enzyme activities of large yellow croaker (Larmichthys immune enzymes disease resistance of Litopenaeus van-
crocea)[J]. Aquaculture, 2016, 452: 45-51. nameilJ]. Periodical of Ocean University of China, 2015,
[43] Hoseinifar S H, Dadar M, Ringe E. Modulation of nutri- 45(5): 46-53(in Chinese).
ent digestibility and digestive enzyme activities in [50] De Schrijver R, Ollevier F. Protein digestion in juvenile
aquatic animals: the functional feed additives turbot (Scophthalmus maximus) and effects of dietary
scenario[J]. Aquaculture Research, 2017, 48(8): 3987- administration of Vibrio proteolyticus[J]. Aquaculture,
4000. 2000, 186(1-2): 107-116.
[44]  FER, RIA M, BRKAS. YU J7 B AR R BE 2 48 A A0 20 (511 FREETK. A FEERZ N AR e 23 KR4l 8 A4 K K v Ak
A Ak B RS 7 0 52 [T]. BT U R 2E R, 2010, Jigd M IR [T, 467K 72, 2015, 37(4): 301-307.
29(3): 120-125. Chen X F. Effects of different feed additives on the
Xue M, Ke C H, Wei Y J. Effects of starvation on bio- growth and digestive enzyme activity of Babylonia
chemical compositions and digestive enzyme activities lutosa[J]. Journal of Fujian Fisheries, 2015, 37(4): 301-
of spotted babylon, Babylonia areolata juveniles[J]. 307(in Chinese).
Journal of Tropical Oceanography, 2010, 29(3): 120- [52]  FEHA, BT, EAEAE, &5 UL BT T B AR R
125(in Chinese). WEA K BERE FR S X RNA/DNALL AR 9 52 1 [J].
[45] KA. TR RIS A8 i AR B AR S AL (D). B IR AR, 2010, 34(3): 481-488.
I7: EITKE, 2007. Xue M, Ke C H, Wang D X, et al. Effects of starvation
Wei Y J. Studies on larval feeding ecophysiology of and recovery on growth, proximate composition and
lvory shell, Babylonia areolata Link[D]. Xiamen: Xia- RNA/DNA ratio in juvenile spotted ivory shell (Babylo-
men University, 2007 (in Chinese). nia areolata)[J]. Journal of Fisheries of China, 2010,
[46]  RAHE, THE B, TR IH, . SR s xd 77 BE R RIS AT 34(3): 481-488(in Chinese).
T B0 R A A5 (0], L BLAR AL, 2019, (53]  Uhfdze, BRVL, K585, &5, TR o s LR v X B
46(5): 41-45. FRABRHER AR LA A S 9 9% Dy e ) s [T, VT
Zhao W, Tan C M, Zhang Y, et al. Effect of salinity dtifanlk, 2016(1): 1-4, 34.
stress on the activities of actions and digestive enzymes Xian J A, Chen J, Zhang X X, et al. Effects of dietary
of Babylonia areolata[J]. Fishery Modernization, 2019, Lactobacillus on growth performance, muscle composi-
46(5): 41-45(in Chinese). tion and immunity of Babylonia areolata[J]. Hebei Fish-
[47]  Zhou Q C, Zhou J B, Chi S Y, et al. Effect of dietary eries, 2016(1): 1-4, 34(in Chinese).
lipid level on growth performance, feed utilization and [54]  vefee, BRIT, sk 7585, 2. TRDEL AN IR 2 f AT
digestive enzyme of juvenile ivory shell, Babylonia are- X7 BE AR B RR A K . WL A e 2 Th R I 2
olate[J]. Aquaculture, 2007, 272(1-4): 535-540. M [J]. tAkL Tk, 2016, 37(4): 5-9.
(48]  ZE5, ik, XARRR, 2. il N EE X B 2 G U ek fE Xian J A, Chen J, Zhang X X, et al. Effects of dietary

A A1 A4 i % P TR RS T [T, 7K = S 4R, 2018, 42(9):
1438-1445.
Liang X, Zhang Y, Liu Y Z, et al. Influence of Vibrio

I

[ 7K 2 22 2 T 6 sponsored by China Society of Fisheries

Bacillus subtilis on growth performance, muscle com-
position and immunity of Babylonia areolata[J]. Feed

Industry, 2016, 37(4): 5-9(in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.1016/j.aquaculture.2003.08.012
http://dx.doi.org/10.1016/j.aquaculture.2015.10.010
http://dx.doi.org/10.1111/are.13368
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.1016/j.aquaculture.2007.07.236
http://dx.doi.org/10.1016/S0044-8486(99)00372-5
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.1016/j.aquaculture.2003.08.012
http://dx.doi.org/10.1016/j.aquaculture.2015.10.010
http://dx.doi.org/10.1111/are.13368
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.1016/j.aquaculture.2007.07.236
http://dx.doi.org/10.1016/j.aquaculture.2003.08.012
http://dx.doi.org/10.1016/j.aquaculture.2015.10.010
http://dx.doi.org/10.1111/are.13368
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.1016/j.aquaculture.2007.07.236
http://dx.doi.org/10.1016/S0044-8486(99)00372-5
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.1016/S0044-8486(99)00372-5
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.1016/j.aquaculture.2003.08.012
http://dx.doi.org/10.1016/j.aquaculture.2015.10.010
http://dx.doi.org/10.1111/are.13368
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.1016/j.aquaculture.2007.07.236
http://dx.doi.org/10.1016/S0044-8486(99)00372-5
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.1016/j.aquaculture.2003.08.012
http://dx.doi.org/10.1016/j.aquaculture.2015.10.010
http://dx.doi.org/10.1111/are.13368
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.1016/j.aquaculture.2007.07.236
http://dx.doi.org/10.1016/j.aquaculture.2003.08.012
http://dx.doi.org/10.1016/j.aquaculture.2015.10.010
http://dx.doi.org/10.1111/are.13368
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1009-5470.2010.03.020
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.3969/j.issn.1007-9580.2019.05.007
http://dx.doi.org/10.1016/j.aquaculture.2007.07.236
http://dx.doi.org/10.1016/S0044-8486(99)00372-5
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.1016/S0044-8486(99)00372-5
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3724/SP.J.1231.2010.06558
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
http://dx.doi.org/10.3969/j.issn.1004-6755.2016.01.001
https://www.china-fishery.cn

1512 KopE o R 44 45

Effects of “reverse back syndrome” on main digestive enzymes and
immune-related enzymes in Babylonia areolata

ZHAO Wang '**, YANG Rui ’, WU Kaichang ?, YU Gang ",
CHEN Minggiang '’, ZHENG Zhongming >, WEN Weigeng "**
(1. Tropical Fishery Research and Development Center, South China Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Sanya 572018, China;
2. Key Laboratory of South China Sea Fishery Resource Exploitation & Utilization,
Ministry of Agriculture and Rural Affairs, Guangzhou 510300, China;
3. School of Marine Sciences, Ningbo University, Ningbo 315823, China)

Abstract: To explore the response mechanism of digestion and immune system to “reverse back syn-
drome” (RBS) of Babylonia areolata, both healthy(control group, CG) and disease samples (early stage of RBS
[ERBS], middle stage of RBS [MRBS], and late stage of RBS [ERBS]) were collected, the Vibrio content, the
activity of SOD, POD, CAT, ACP, AKP, LZM, pepsin, lipase and amylase in these samples were detected by
TCBS plate count methods and enzyme test kit methods. The results showed that the content of Vibrio increased
significantly with the development of the disease, and it reached the maximum in LRBS of Babylonia areolata. In
MRBS, the activity of POD, AKP and LZM increased, and significantly higher than CG and ERBS; compared with
ERBS, the activity of CAT, SOD, ACP, pepsin and lipase decreased; but compared with CG, the CAT and ACP
activity increased significantly, and the pepsin and lipase activity decreased significantly, while there was no signi-
ficant difference in SOD and amylase activity. In LRBS, the activities of digestive enzymes and immune-related
enzymes were lower than those in MRBS, and compared with CG, the POD and ACP activity significantly
increased, the pepsin, lipase and amylase activity significantly decreased, while there was no significant difference
in the CAT, SOD, AKP and LZM activity. In conclusion, the immune system and digestive system are involved in
the immune response during the outbreak of Vibrio in the RBS, and the CAT, POD and ACP activity can be used
as the detection and evaluation indicators.
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