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Abstract: Our previous study showed that the supernatant of coelomic fluid from sea cucumber
(Apostichopus japonicus) exhibited strong antibacterial activity to Micrococcus lysodeikticus, but had no
obvious effects on the growth of Vibrio splendidus, V. harveyi, Pseudoalteromonas nigrifacien and
Streptococcus dysgadysgalactiae. In order to study the variation of immune-related enzyme activities in A.
japonicus coelomic fluid after different bacterial challenges, five bacteria (bacterial information was listed in
Table 1) described above were injected into A. japonicus, respectively, and then the activities of acid
phosphatase (ACP) and alkaline phosphatase (AKP), superoxide dismutase (SOD), lysozyme (LYZ) and
phenoloxidase (PO) were determined using p-nitrophenyl phosphate (pNPP) method, nitro blue tetrazolium
chloride (NBT) method, M. lysodeikticus powder method and dopachrome formation method, respectively.
The experiments of enzymatic activities determination were performed in quadruplication, and the data were
expressed as means +standard deviations (SD). Statistical analysis was carried out using the software SPSS
11.5. Differences in enzymatic activities between bacteria-challenged group and the control group were
analyzed by one-way ANOVA. The level of significance was defined as P < 0.05. As shown in Fig. 1 - 5, the
challenge of V. splendidus induced significant increase of acid phosphatase and alkaline phosphatase activities,
but great decrease of superoxide dismutase, lysozyme and phenoloxidase activities; challenge with V. harveyi
caused significant increase of acid phosphatase, superoxide dismutase, lysozyme and phenoloxidase activities
and irregular variation of alkaline phosphatase activity; after challenge with P. nigrifacien, acid phosphatase,
lysozyme and phenoloxidase activities increased significantly, superoxide dismutase activity increased firstly,
and then decreased, and alkaline phosphatase activity exhibited irregular variation; after challenge with M.
lysodeikticus, acid phosphatase and phenoloxidase activities increased, superoxide dismutase and lysozyme
activities increased firstly, and then decreased, however, lysozyme activity returned to control level at 72 h
post challenge, and alkaline phosphatase activity also exhibited irregular variation; the challenge of S.
dysgadysgalactiae resulted in an inhibition on alkaline phosphatase activity at 4 h, but notable promotion on
the activities of other determined enzymes. The results suggested that phenoloxidase was one of the most
sensitive and efficient immune factors in A. japonicus innate immune system; no regular differences in the
induction of A. japonicus immune factors were observed between Gram-positive bacteria and Gram-negative
bacteria; between M. lysodeikticus and other four determined bacteria, the most significant difference was
observed in the induction of lysozyme, and lysozyme might be the principle immune factor involved in the
extermination of M. lysodeikticus; the variation of immune factors induced by V. splendidus differed greatly
from those induced by other four bacteria, and the five immune factors selected in this study had potentials in
the application for early warning of vibrio diseases; S. dysgadysgalactiae had potential in the application for
immunostimulants in A. japonicus.
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AT VA DA WA 20y ) e TS S e AL 2
—, R H b A AR MR B Cacid
phosphatase , ACP) . #if M il B2 i ( alkaline
phosphatase , AKP ) . i % & ¥ 5 1k

( superoxide dismutase , SOD ) . ¥ & Wif§
(lysozyme, LYZ). W% {tf (phenoloxidase,
PO) 5P T, | 2 S HE XA R S
PN (Wang et al. 2008, T-W&%% 2008, i
HLRESE 2012).

TCHEHES WA A AN 1] S DR 13 LA
W S AN TR R e oy 1o TR T TR TR A e o P
Pt o AR AR — 7 T AT LAAG T 9 Jig 88 )
Gy AR, T EG SRATLAARN 5 [ 1 e A
Iy 77 AT DL A S 2 T R iR B 1, AT
FLE RSN R & (Xing et al. 2008). i#
A B AL RE TR R4 e Wkl T i A
ST AR A B A s R 1 4R (reactive oxygen
species, ROS), Bijibid &g HILA A & )
A, RN, ARV BRI A R
ERES AN B T, PR AR m R S
PERI H0,, BH¥EZH AW . MRIEFRE (Pipe et
al. 1994, Holmblad et al. 1999). ¥ F# il i) =%
AR FH & D71 Wi 40 w7 4 T B JOR ZROBE - N- £ I 7 %
PERZA N-CBENEERR 2 [/ 1Y) B-1,4 BEIFEE, M
M4 R EE, 5] A4 w24 (Wang et al.
2011) . By AL il 2 oA MESH A E A R/ ) R G
P e R, JE I A S A R
PR T 20 AR WA i Y. B 24 A 1 £ 35 (Cerenius et
al. 2008). €A ZEHIAIARRG AL S b= A IR
P TR AT DUE R SR A
Wi, En] DRI S Eg . 4R I
M NITHE 0518 555 2 M e ih 3l (Hellio et
al. 2007, Jiang et al. 2014,).
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WIS A DGR R0 ) g T E, R R
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FE 2 BT B S DU R PERE TT R
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YE IR TE (V. harveyi ) . R AC B 5 0 B

( Pseudoalteromonas nigrifacien ) Fl15 J 55 BR

(Streptococcus dysgadysgalactiae) #)4= KW
Wi (AEESE 2014), K T HRRE A RERER R
5 HAWASZ 5 R SAR RN A B 2 ) R
=% PPN P 5 o 22 PG 40 A 2 1) L B AN [
Tl 4 P R 5 RS i 2 Ak s i b e e BT 1
AR ERA A AR 2 5, TR T A
0 B U ) R0 2 AR s R B A O I PR Y 5
AARRE R, SR TR I 2 S B R
07 32 9 Y50 G A b S AN LA T A S s 1 i
TR FHAN B =05 D B A RS S A o 2 4 s 1P
04 T PRS0 S5 08 LA R

1 MREFE
11 SEBEY)
iRz 270 X, Adh (6.4+1.1) g, W

H L T A MK R R B s | R, T
SR =¥ 9, /Kild 16 ~18°C, pH8.3~85, #:
FE 29, 1JEEMH .
1.2 SERHEHK
AR . I 4E FCIRE . RS i
BRI VA RERAER TR L 5 FLAEER BRI O S BR 41 v
0 PR S5 DL FRLAST AR BB 5 A TR B T O
£z Ccolony-forming units, cfu) X7x, WG
B 1o K Bk 5 Rl B 7 28°C 150 r/min [
AP PR TR RGNS MR TR &
W 5000 g 4°CELL 15 min, F5 b3, AR
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Table 1 Bacteria information
HIEEUEN R U Fr Rtk
Bacteria species Gram identification Source Medium
JlRZHE Vibrio splendidus FEERH & {512 Apostichopus japonicus 2216E
Gram-negative
I 4 EGHRER V. harveyi FEERH & {52 A. japonicus 2216E
Gram-negative
R K 2 I T 2% TR
feadalind - =R TEF i #|Z A. japonicus 2216E
Pseudoalteromonas nigrifaciens Gram-negative
S R T N A - B2 FGRA P KB FRUEAE (Ji: 4698)
HHERLE - . . 2216E
HYBERORE Micrococeus lysodeikticus Gram-positive American type culture collection (Number: 4698) 6
P TL BRI SRR MR (i 51499) J16E

Streptococcus dysgadysgalactiae Gram-positive

American type culture collection (Number: 51499)

K3 S E B A A BTV 22 R 10 cfulL,
F AT 50 24 N 5 TR
1.3 GBE R SO A e v i %

SRS R 6 A1, Al e A leEan
B IEERINR AL A M 4l R
TUER B AR FLEERR B 41, T4 FH S50 304
i} 2 45 2o AT, H 1 ml KB 2%
T Tk R ) A S A RS 50l A3 L
K, ARG A Y, MR 5k s 2 A
RIS 50w X R4 B 2R BEER KB . 7
SEHI0h,y 4h. 12h. 24h, 48h F172h, %
Sl KT R R 5 S BG A T 6 g2, filE
PAFRRE W RN 6 SIS RIS RS
Ji, 45 4°C 800 g 5.0 15 min, WA _Ei,
HAET - 204 .
1.4 PiRIS 4R b o S A B vE 7
E

P 1 9l 2 T 5 3 11 000 2 SR D ) A 2 o
WMREE (p-nitrophenyl phosphate, pNPP) JE#)
% (Gonzdez et al. 1994). 100 pl 17 5l 4K 1
S 2 ml 2 mmol/L ) pNPP ¥ (& T
100 mmol/L. pH 4.5 (SN -BE RS2 v i) TR
AJE, T 37°CHFE 30 min. WE LT, M
HIRAWH A 2.9 ml 100 mmol/L f#) NaOH %
W, ARIE T e 6T (Alpha-1860A, i
BT AT B A B AE 405 nm KR Il E oG

fi. 75 37°C5EY =M 30 min 7=k 1 mg X i
FEOR Wy 2 A 1 ANEERG S BT Cunit, UD.

R B TR WS e, B pNPP T
A -NaOH 22k (100 mmol/L, pH 9.5) 4F,
LR A DL S 7 A o S IA) IR o TR T
J1sE J5i%: (Gonzdez et al. 1994).

TR A A A0 5 A Tl 3 3 0 R FH A A 3
Y %M (nitro blue tetrazolium chloride, NBT)
¥ (Beauchamp et al. 1971). 50 pl 4jj )2 44 i
W EES 3 ml NV (13 pmol/L AR IR,
20 pumol/L # ¥ %, 0.75 mmol/L NBT, 50 mmol/L
IR £h 220, pH 7.8) JRATJEAE 4 000 Ix 995
NHUR 5 min (30°C), #RJE{E 560 nm KR
ME WA . 78 1 ml S R S AL ) B AL
2% 50%5E Sk 14 U

O VT T 7 PR A SR D B A K R A

(RS 2008) . P HEUERRRY (R Rl

%O 1 0.1 mol/L. pH 6.4 f i &A1 22 b v I B
JEYEI (Aso=0.3), HL3 ml JRYERT K
WS, FEIIN 50 ul {551 S i35,
TRATJEHE 570 nm K FIEBOG AL ARG
AW R 37T°C/KMTIFE 30 min, HUH
Je FHAE 570 nm B T IE RO Age W TR
W (U) = (Ar- A A

Ty A5 A IS 0 0 A R FH 22 T4 5 0 R ik
% (Saderhdl 1981) . 100 pl 15 2 i -
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755 2.0 ml 15 mmol/L A it % iR A Ja
7 490 nm AN IE R OGAE, BERE 3 min Wil
U FEI 10 Ko Augo BE2MBIHE N 0.001 3E XN
1/ U.

R PR B 5 R Bradford J5v2:( Bradford
1976 .50 pl /i il Z: AR 5L 55 50 l 0.15 mol/L
NaCl ¥ IRAI G A 1 ml 2% B G-250
MR (25 mg 2% D2 G-250, 12.5 ml 95%
LIE, 25 ml 85%f 1R , FH B 217K i 7% 42 250 mD),
SV 5 min, 4 595 nm K R IlE RO . il
R A3 VR A 2 R AR 2, B
WFELL mg/L A Bp .

U730 S B W Ei & G AH DGV )
IR/ LS 77 (1 mg 28 AARE S P T S A 1 UD
MEAER, $Ak Umg.

1.5 FEESHh

TR S0 Y A 4 IR, 5 R DL
+ FrifEZE (Mean £SD) 7. HdlifliH SPSS
11.5 FHATHRR R =00, 2 itk B e SN
P <0.05.

2.1 ZHERIEE AR P IR MR R 2R A

PR T R P 91 0 e 5 SR B, W 4 RGO
Bl B RV B P R RIS, AT ik
PR PEWR IR IS Y W T AL, £ 12 hy
24 h, 48 h f1 72 h 5XfAHIL Z R 23 (P <
0.05); fE A H Mt 17 45 L% K 11 o0 (1)
A h, PRI PRI B TR BE ) Rl T s 250
4110 13 5L B (R F 0.07 Uimg), 7E 12 h K
5N IROK, B AE 48 h F1 72 h XS m T
M4 (P<0.05) (K 1).
2.2 BRI BUS A R IR R ) AR
t

A2 Ja A8 T R 1l % 3 e TR
Ja 4 h F1 12 h XA KA, 75 24 h Al
48 h WE T4 (P<0.05), TMfE72h X
WA BT o4y 4 BRANBERIBE , A
AR BE R IS AR AL, (HAE 4 h I
12 h S BAL X AL (& 2),
2.3 HWERBUE HER D EE Y S
H1Z%4

AV STINERY SR LN G Sh ke iR 7/l 5204

2 4R
0.10 - & —m— X it Controls
—O— W 4 [CIKE Vibrio harveyi
—A— AT B Pseudoalteromonas nigrifacien
0.08 —O— WWHETUER B Micrococcus lysodeikticus
= E“ —o— {FJLEEEKH Smeptococcus dysgadysgalactiae
B S 0.06 —A— IR V. splendidus
& 2 004
is
< If
0.02
0.00

40

i (8] Time (h)
1 MERISE AR P EREEERES (ACP) WL

Fig. 1 The variation of acid phosphatase (ACP) activity in the coelomic fluid of sea cucumber after

challenge with bacteria

SIRULFIE £ AEEROR, n=40 BS 7 ZoRSXRMEKZEREH (P<0.05),

The results were expressed as Means £SD, n = 4. Asterisks “*” indicate significant difference (P < 0.05) compared with control.
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Fig. 2 The variation of alkaline phosphatase (AKP) activity in the coelomic fluid of sea cucumber after

WL ) AKP activity (U/mg)

challenge with bacteria
SERULFIIE + AREZERR, n=4. B 7 FoRGXMMILZER B (P<0.05).

The results were expressed as Means £SD, n = 4. Asterisks “*” indicate significant difference (P < 0.05) compared with control.

130 @ %4 Controls —O— RS HEIGIKE Vibrio harveyi
120 | & {5274k ¥ j % Pseudoalteromonas nigrifacien —5— X3 V. splendidus
110 -—Oo— #BEER I Micrococcus lysodeikticus —o— (ZFLEEBR A Streptococcus dysgadysgalactiae
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Fig. 3 The variation of superoxide dismutase (SOD) activity in the coelomic fluid of sea cucumber after

A AL (L EE S ) SOD activity (U/mg)

challenge with bacteria
ERULFI + bEERIR, n=4. B 7 FoRGXMMILZER 2 (P<0.05),

The results were expressed as Means £SD, n = 4. Asterisks “*” indicate significant difference (P < 0.05) compared with control.

BEE ) 8 WAR T R A (1 3D IRZEIRYNE RS ) B XA (P <0.05), 7E72h
RIS 4h, 120 FT 24 h, (REHREAEMY) R IRUKSPI 70% 70 475 45 FLEERR B RS
AL EE ) T A (P <0.05), B 12h. 24 h, 48 h Al 72 h, {REEWHEBEALYE:
7 48 h Fl1 72 h R0 UKSE BSOS ) W m TR A (P <0.05).

RIS BEGAER A RIS 4 h, (AR BAAE. 2.4 HARRBEEER DS HEEES 2N
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NN RIS 24 hy 48h F1 72 h LUK (HAE 72 h Ik E 25 UK (8] 4.
REPAER R BE 48 h, AP EES 1 e 25 HAERBEARERPBEAEEEHEL
FART XL (P <0.05); WA4ERINE. A2 Py S A B S e 2 R R (5D, ik
R M R FLBEER RS 4 h AT 12 h, AR SRR PRI R Iy SRS )3 B A
I VR P Y R ) k3 v TR B (P < 0.05), T HRAL (P < 0.05); #HETIER B IS 11 4 h.
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- —m— % il Controls —O— M HECIRE Vibrio harveyi
- —A— AT B H Pseudoalteromonas nigrifacien —O— QIEINE V. splendidus
P —O— ¥ EETYERE Micrococcus lysodeikticus —o— (S FLHEEERTE Streprococcus dysgadysgalactiae

i 177 Time (h)
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Fig. 4 The variation of lysozyme (LY Z) activity in the coelomic fluid of sea cucumber after

challenge with bacteria

SIRULFIE £ AEERIR, n=40 BS 7 ZORSXRMEZEREE (P<0.05),

The results were expressed as Mmeans =SD, n = 4. Asterisks “+” indicate significant difference (P < 0.05) compared with control.
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—
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L W
<
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(9. <
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Fig. 5 The variation of phenoloxidase (PO) activity in the coelomic fluid of sea cucumber after

challenge with bacteria

IRLCPBIE * bfEZESROR, n=4. T “” FoREX ML ER B (P<0.05).

The results were expressed as Means £SD, n = 4. Asterisks “*” indicate significant difference (P < 0.05) compared with control.
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12 h. 24 h #1148 h, A& A AR ) %
FEE TR (P<0.05), J7E 72 h Yk 2 xt
WEKSP s LA 3 ARA BRI, AR P A
AR S 3 R s TR AL (1] 5D

3 iTie

B R 2 1 2 SR e —, AR
S R Ei-GE 8 Al B PR I e i 8
Bl (2555 2013). 4 g PR ™ EE I 2056 1
RIS TN R . iR 2 8 T TR HES)
Y, SRR RS, EEAKGEIAAN T
G R CEZLEED KU, gl R F
THFR R (Wang et al. 2008, X1t JE%% 2012).
AT TURII, AT ISR O AN [F 40 T A1
AFBURNE S (MRS 2014).,

TERR PRI s b, AR e
YEPCINE RS PR VA RE TIOR3
TR B R ()7 0 SR T R R W PR T T
NBEETE, RHRMEBSRERN A %S S
i Znt ik 5 Fhai i S g, IF HARAS
B B RS LB BR TR RIS 4 h, TR IR
T 0 SR T i A0 KT 13 £5 DA b, R IR
P B8 R T AR 3 VP o 8 T P L S0 i 8 W 25 v
RS BB IR T IR E RIS
ThimAE oA — L iE e O MESh P A iR E
1) Gt AE AN 5] SRR SN RS R B R
(Fenneropenaeus chinensis) (7KH]%% 2004).
A (Cyclina sinensis) CRJREE 20100 FIAiFL
J# U1 (Chlamys farreri) (BE¥[{:4% 2007) 4P
(R R TS ) 1) B T e B R I
DI A5 B, SRR IS 15 1) 2 R s
TR B R S ) 0 T, S B INRE (V
anguillarum) HIEUE 754 CRIREE 20100 i
HiFURS UL (BB 2007) H IS AL, 1
LA 4 BRATE RIS I 5 (4hy 12 h), il
SR Y PP R o R ST ) A1 W] SIS T o) K
o XGRS B IR T AT
RN ISR ONAR, AHAT e 32 21 0s 4 IR
W RSN L VA RE TR R R LB R T

Al B AL B RE ELRE S 5 305 S5
Aty HERE, AN R ISR R
e ) B IR K EZEAE ] (Pipe et al.
1994, Holmblad et al. 1999), DXt 4A L4
AT ) 7K 72 S LA S 22 4T ) 1 B 224
Bro FEDTRIZ Y, ARG RIS 4 h, AR
BB A RS AR L, SR A
BALE 2 Ui S et En, 52K
Tkt 2 (Sepiella maindroni) 1 (#)4i% &5 H
AL (He etal. 2014) . A, 54806 U1 (Mytilus
edulis) (Tanguy et al. 2013) H )4 AL, Al
e BT SIS 07 ) 25 s Y0 A A A B A T
D13 TR, RIS A B S0 T 5
S ANYEAEE R RN E e 1. HERETUER
TR MM A2 B P RS 4 73R 2R i vk
A ) 25 T AR RS 72 h,
A Js YRR A A ) A B S AT 0 OKSP, 3R
B3 P T S TR 7 S R 2 A )
AT ZR G0 0 DU Y, F BB I T PR S K ]
RE2 11 55 07 1) 2368 S8 A ) AL R L IR 2 g
I AT FLBEER B FING YE [N RIS, 02
A Jis VR AR A ) B A S ) B T, R
) 23 8 S A S AT T A 255V 2 K A R 4 R 1)
T, I FLIX A0 R PR ST DA e 0 R 2
Pt BIRARY BE ) . W B OB HESIY)
PSRRI 40 R ) S R (van
Herreweghe et al. 2010). 7E{iIZH, MYEK
B B PR M i RS LA R B RS, 1A
Il VR TR ) Y 2 T, e o U
W RS ) B PR, RIS g ] A
RS W A QN o S B A A LB K
TR FRTRIIE, T ELI ) LAt AR S JmT 3 i 0 R 2
[PV AR T, Al IR 240 i 7 i 2
(RO TR IV SN o R TR BT SRR 1) T il
N AR 5 HAR LR R R I AN F], FER S
4 h, RIS RS ) R T, TAE 48 h
VR, BEJELE 72 h PR 20 K. 3%
B Tl K AT A Y R I T R A R 2 — (TR
2003). WFFTRM], 7R SR RIS R i EE Tl
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R ZEMPREERN (RS 2014), Kk
AL CAHEDN, S R R J) H nl e N
FRGT NI, T i v R Y ) 1 R AR )
AIBESE HH T R OK 5 S 5 0 S RE TR BT 11
PRLSON TTVH FE T AR s 3 T s e e, AR
WUE 72 h, iR B N 2 R G508 TR
NAR S BE TR ER TR 1) B 5 25, DRI T ¥ T Pl Pk 5
T HIKE o 7 2 W S A B e 45 2R
71, R S RS A s vy AR A TS T Y
BRARG, T A J LA 40 BT S A s s T S A Tl
TR T, RWTRIZ By A A T AN
G YE G . RS Rp  45 FLEERR R AN
VERERRK B (P, I HOX LR B R S8 )
A LS w7 R 2 By A AR ) N5 e T, AR
Sl BICERT ) 1 00 S W A A  D.  R AT R BT
FHIER- . 5340, 765 M gERE)S 4 h, Uil
AR BTG TP AR ) A W AR,
2 By S AT 47 TR 2 AR e Ik s R P i
BB R e R — o e SRR A
AOBEE PR 52 AR AE AT LR DL (Xing et al.
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