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A LLLGVE X T ( Litopenaeaus vannamei) AN 5%, 12 57 F1 Z 471 .PAGE .SDS-PAGE . Western-blotting Il 4 P 4 42 5
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4 B B4 BRI ( Stphylococcus aureus )55 6 FRUF BRI B G HEI I, HBERE X/ 0.27 ~ 1. 08 mg/L, H 0t Al
VAL S RV SRR I R AR R M SR, B RS RGN 1) 4 ff o TEVRIERZ b, 8B o-D-H 4088 . D- 5L B . D-ABE . D- L
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I 55 5 Al BB AR W ST AR o-D-FI AT AN N- Z B0 2 R 570 23 400 0 2 AR, B AR IR BE Y E O 50 ~ 100
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1.1 SRIe#H

FLEYIE RS Litopenaeus vannamei ) JHF Il 3k
AT, K2 10 em.

S5 R 1 95 15K 1]  Vibrio parahaemolyticus ) ¥
B ( Vibrio alginolyticus ) « V& 4 G IR ( Vibrio
harveyi) i I & ( Vibrio fluvialis )« V& 7K < 5 fg
( Aeromona hydrophila ) 1 & ¥ 78] % Bk & ( Stphylo-
coccus aureus ) HH [Z | TR AWM 5 57 T HE W) 7 5k
U=t (B

NLAhVE R U L 2 73 kD WEHUALE R ]
REFEA MR R 50T R LR 15
T, ¥ 514 IgG-HRP FI Sepharose 4B 14 F SINO-A-
MERICAN 2] .

1.2 XEHZE
1.2.1 4FMGERIBIE 4% £ EEWRIE R ik
A7, R FH 1 miL A AT U Feh I 0 L,
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4 CiL7,3 000 r/min #5020 min, —20 CIRZHMH.
1.2.2 FFHRMMAAMEES  FHE 5 Es
HRIE BRI T . B 5 & (1 73 kD WA &
&, RS ROUE, Babir B 5 R iE b
(¥] Sepharase-4B fHEE( JTE= L 13 100D, H #7122
FE, K385 AR L AR, R GH T IR B Vel &
P IRAE A IR E , N E SRR A
1.2.3 PAGE ®jk I 1.2.2 H] & R G HE 5
20 wL(60 mg/L), SINtEZ i & B IRRE G, &%
FUT7 15 HL K (3% R4 B, 10% 43 35 B )« 4 8 F
.

1.2.4 SDS-PAGE H. ;70 Western-blot 747 H{
1. 2.2 1% MR 46 £ 5120 pL(60 mg/L), 3% ¥ M7
1347 SDS-PAGE Fi3k (3% IR 48 55, 8% 4 B ) »
FrHLIk 455,50 V fH & B4 77, i &4 S( Pon-
ceau S) & H ¥ &, TBS (20 mmol/L Tris,
150 mmol/L NaCl,pH 7. 4) 7 4 ¥t &% 5% i 15 95 %n
37 CHM 1 h, B 5%l iE & A 73 kD TEH
Mg C1: 1000 FIEHi 4 [gG-HRP(1: 500 = 5 ¥
BF2h A1 h, TBS ¥t 3 ¥, £X 10 min, DAB
4, GDS8000PC-# i 8 e 7+ th R4 o
1.2.5 AEBRNHE 2 HRGEFREERR
Vo IR Vs RN BT P ¢4 R Tl 5 L g /K B
PG AN 4 v 66 3 4 BR B, BOIL 3 R =08 12 000 «/
min &0 1 min,0. 65% 4 B b /K% 3 K, A TBS-
Ca’* (50 mmol/LTris. HCl,0.75% NaCl,50 mmol/L
CaCl,, pH 7. 2) % 40 B & (1 x 10° CFU/mL) .
1.2.6 YAEERERI  EEE LR KA AE
L, IR AR SR AT . X4 L TBS-Ca®*
REEMIE R A, 2% 4 ] TBS-Ca* K5 1L 1 5% A HEAT

®1 AMEMImE

2 fEBREERG R . & HR 20 WL 3% I 7E I i B BB A
B F A AR B ISR A WA R, R )
1 min, & 37 °C 30 min, Olympus BH-2 %! i} i 57 ML 5%
AEEEEIRAS . DU i R AR R AR I 1 B v A R
FERBEER M, e R B RS BRI R E
EEHE (mg/L) o

1.2.7 #EISIK® 47 AL 9 Fh B o-D-H %
B D05 D-AHE . D-1L BLBE  BEBE . % 2P L -D-
FLBE H B RZFI N - AWt 2 B8 ) AR IR BC R 4 Pk
JEBR B ¥ 7 (25 mmol/L.50 mmol/L-100 mmol/L.
200 mmol/L) . HUIfiL 5 25 F FVE & 10 L T 3%
WH FEEEBIRA 1 min, IR0 R B IR
5], B 15 ~30 min, BEEE FURER.

2 #R

2.1 MEEAMALEEE

A1 1.2 ol 40, S8 fUZE T 446 B 3 PAGE ARk
T A —4 1, SDS - PAGE %0 73 7 &4 5k
73 kD #1175 kD ]2 4577, 55 FLAiEe T i i % & H (1
BECEIREARE . Hod, PR 73 kD 4T S
G iE & A 73 kD WIEHU S £ 8 E P, 38
HEEDRAERRENS S, 5SS R—5.
F UL 0 B, T2 0 R P S MLME TR L B
2.2 MEEZEBMEEEREST

e BRI 1 5 25 6 AR 2R B0 B PR R FLgh s
o L P AR TR U SR S T, 45 R R, L R
5 6 FRanpE 5 B R A RS RN, LRSI N 0. 27
~1.08 mg/L, . A5 15 M 5 0K 1 A Bl s 5 7 D
EEIRINE, B/ MR 4 NS, ATE 25 &1 4
fH(F1LE3).

BB B E LEE S (37 °C)

Tab.1 Bacterial agglutinative activity analysis of Litopenaeus vannamei hemocyanin(37 °C)

A EASE/(mg-L™H
Bacteria Protein concentration
RV ML ILE V. parahaemolyticus 10.8
VIR IR V. alginolyticus 10.8
LG V. fluvialis 10.8
WEHEC TN V. harveyi 10.8
&K B MR A. hydrophila 10.8
EHEHAIRE S. aureus 10.8

MM BHELIE/ (mg « L™ ®
Agglutinative efficiency Agglutinative activity
40 0.27
40 0.27
20 0.54
10 1.08
20 0.54
20 0.54

E:QEBREE/EEHN.

Note: DProtein concentration/ Agglutinative efficiency.
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1 SEMEMALEST 10% PAGE 7+ Ht
LA mEAEACEAREHE 2. RN ETALER.
Fig.1 10% PAGE analysis of protein purified by affinity
chromatography from Litopenaeus vannamei serum
1: Bovine serum albumin( Protein marker ) :2: Protein purified by af-

kD

26.6 .-

215 .
14,4 -

2 SRRZEHNTH{LE H SDS-PAGE Fll Western-blot 7347
1 ARHE R B 5 2: R AZE AT 246 & B SDS-PAGE 4347 3: 55 1 2 A 4
.5 5 Western-blot 3477.
Fig 2 SDS-PAGE and Western-blot analysis of protein purified by
affinity chromatograph from Litopenaeus vannamei serum

finity chromatography from Litopenaeus vannamei serum. 1: Protein markers; 2: SDS-PAGE analysis of protein purified by affinity

chromatography: 3 : Western-blot analysis of protein purified by affinity chro-

matography.
B -c“.r?
-] &
|L1 3
APy
AP
Ealoh
i ; L i""';
-~
W
A I Mlbl. .
L
By

| D

3 JLENIEXTIR L AR A0 B AR S R ]
A B AR SN S 1 B C 3 280 ) 5 B: FINE M 9 EAEAR 7 ( x 3 2800 : G« W /K< 52 B B 48 S R A 14 5 B %3 2800 : D FE K 4
BB R R x3 280).
Fig. 3 Bacterial agglutinative activity analysis of Litopenaeus vannamei hemocyanin
A: Negative control group of agglutinative reactivity in V. parahaemolyticus( x3 280 . B: Agglutinative reactivity of hemocyanin in V. parahaemolyticus( x
3280 ). C: Negative control group of agglutinative reactivity in A. hydrophila( x 3 280 . D: Agglutinative reactivity of hemocyanin in A. hydrophila( x 3
280).
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2.3 MEESREMNS S

TEH 9 ik 25 52 A A A0 v R SR PR R
W3, 40 R W4k 2 MK 4 Jrox. o-D-E % HE A N-2
Ot o 20 S i T LA 0 2 AR RN i 440 10 3 2 A 2
PRl S i HL AR L R A R R ER E E
WIS . FLAR o-D- A B AT I 4 BT P <

FLYAIE X 4T

-
it
T

=2

R 2] R T ) R R, {0 H At B BT YD R
S JC B S B R . T N-Z B R 8 S e W] DA 4
PR I 0L R 2 RS 6 A TR 1 R R RO, R 4
T (075 % BRI A DI TR B 0 Y o, H B
AW AT 22 50 mmol/L.

B E SR 247 (37 °CO

Tab.2 Saccharide inhibition analysis of bacterial agglutinative activities of Litopenaeus vannamei hemocyanin(37 °C )

o-D-FZ# IR E/(mmol « L™1)

Concentration of o-D- glucose

il

N-Z. B2 B AR/ Cmmol « L™1)

Concentration of N-acetylneuraminic acid

Bacteria

25 50

100

200 25 50 100 200

RV LN V. parahaemolyticus
TEERRILE V. alginolyticus
TN V. fluvialis

WEHECINE V. harveyi

T& K5 MU A. hydrophila

S EAEE IR S. aureus

+ o+ + + o+ o+
+ o+ + + o+ o+

B - ARSI BT ¢+ TR R P

Note:“ — "Negative reaction of saccharide inhibition analysis;“ + ”Positive re:

K4

[l

1:-_\.

UG RHIE A 5 2 P 4 R SR A S

Ax B A B VR SR R B P R C x 3 2800 B: Bl AT BIK B R £R M R N ( N-Z B 2 S R, 50 mmol/L) ( x 3 280).

Fig. 4 Bacterial agglutinative inhibition analysis of Litopenaeus vannamei hemocyanin

A: Negative control group of agglutinative inhibition reactivity in V. parahaemolyticusC x3 280 ). B: Agglutinative inhibition reactivity

of Litopenaeus vannamei hemocyanin in V. parahaemolyticus by N-acetylneuraminic acid(50 mmol/L>( x3 280).

TR, BN MR RN, MEEAE 2
e H A, R N B 2 M G e 2 1, JUH
FEAE TR R Bl B e o B i B AR A .
Lee 21 5 B v /K /N JE AT ( Pacifastacus leniusculus )
B GLE, FCL ik B R 1 M T A C-
K 4 B #0 B BK astacidin 1. Destoumieux-Garzon

40120 ) 3% (1 6F BF R G 35 22 48R ( Penaeus styliros-

tris ) {102 43 35 Y PVHCH( 2. 7 kD, 9 36 A IR,
PsHCt 1(7.9 kD, F§ 3 = XJ4F ), PsHCt 2 (8.3 kD,
FEWIPE3 EGRARBEEN 2 X5 m
BEA C-ARu B AN 95% ~100% . {HiZ
A ik, M08 8 0 A B 2T B DURE T, B A A
R WARTE , A RR AR PR 28 0 BT D e on) 3t — 2 1) B
I 8 HIX — 2 ThAe & E I AR etk S i M H A

TE AR VR 2 BE AE B2 A R TR, I

e

i

AR KR
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G IE(E AT LA 5 5% 2 Influenza A virus ) L %
% ( hemagglutinin, gi | 221338 ) AL, H ¥ 71 78 &
%N 37% . Alpuche 2 )\ (1% %} 4R ( Litopenae-
us setiferus ) B AL H 1 B4y 7 & h 291 kD
B, 22 AN 5 NghvE 6t B i i A F AT MRk
Jou R 06 L) D P 3 3 A 23% 1 22% o X LR
e ReR, MEEAWTRERFRERNE. Bk,
AT 35 3 i B VAR R LR A P A R R
Mo G RURIL, MK S A 5 R I 6 Fh Al e
)8 A AR R SO T EL B 0 1 T B o-D- %
BEAN N- L9 1 22 S G BT 988 400 ) 0 4 40kl et
UEHET , R 55 1 00 L A A S8 A A R AR
Veo AN, 55— MBS FAALL, HORER R K 1
~2 ARG AHAER A R
WVFAT AR B A VE RN 2 . X — RNk
—HRZR ML & A BB L B e B R

PEIRE, MR & E AT A A Ak g B A T
SRET IS YR AL B0 S R R Eh W P gk I R
A8 i L AR AR 51 T AR g R B . 3 R
[FIFE A BRI E . e HED, (K M E AL
P el £ F AT RE S dY R — g s A B R A T R i I
HEAR 20D TRE T RELEREPE
PRIV RE -

25 BT, PLAhIE P I 0 AR R S B A
HREEE 1 , HLUR R TS M AT 4 o-D-H 25 FI N- 2L [t o
LZ R H AR FAE . BIHAE AP A
WAR AR BEE N IS AT B DD RE AR ST IR N
FCR SR DL L A AR AR R
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Bacterial agglutinative activity of hemocyanin in shrimp Litopenaeus vannamei

ZHANG Yue-ling'?, LIN Bo-kun', CHEN Jun', HU Zhong' , HUANG Tong-wang', YAN Fang'
(1. Department of Biology, School of Science, Shantou University, Shantou 515063 , China;2. The Key Laboratory of Education Ministry
for Cell Biology and Tumor Cell Engineering, College of Life Sciences, Xiamen University, Xiamen 361005 , China >

Abstract: Hemocyanin is a kind of important multifunctional protein found in the hemolymph of both arthropod
and mollusk , although this copper-containing pigment is generally accepted as an oxygen carrier. Particularly,
recent reports have demonstrated that hemocyanin was probably an important type of defense molecule, which
not only could be functionally converted into a phenoloxidase-like enzyme by some reagents, but also could pro-
duce C-terminal fragments with broad antifungal and antibacterial activities. However, up to date no research a-
bout hemocyanin bacterial agglutinative activity was reported. Thus, in the paper, an attempt was made to tes-
tify whether Litopenaeus vannamei hemocyanin possesses bacterial agglutinative function. The methods of affini-
ty chromatography, PAGE, SDS-PAGE , Western-blotting, bacterial agglutinative test and saccharide agglutina-
ting-inhibition test were used. In the experiment, six kinds of bacteria including Vibrio parahaemolyticus, V. al-
ginolyticus, V. fluvialis, V. harveyi, Aeromona hydrophila and Stphylococcu aureus were selected to react with
Litopenaeus vannamei hemocyanin. The results showed that hemocyanin could aggregate with the six types of
bacteria respectively, whose agglutinative activity was from 0. 27 to 1. 08 mg/L. Then saccharide specificity of
hemocyanin was analyzed by nine types of saccharide including a-D-Glucose, D-Galactose, D-Xylose » D-Sor-
bose, Sucrose » Maltose , a-D-Lactose , Mannitol and N-Acetylneuraminic acid. The results indicated that the ag-
glutinative activity of hemocyanin could be partly inhibited by a-D-Glucose at the concentration of 200 mmol/
L in the presence of S. aureus, and completely inhibited by N-Acetylneuraminic acid, whose minimum concen-
tration was from 50 to 100 mmol/L,in the presence of the six types of bacteria respectively. But the results can
t be obtained by the other saccharides, even at the concentration of 200 mmol/L. Thus, these results indicate
that Litopenaeus vannamei hemocyanin indeed possesses bacterial agglutinative function, which is the newest
discovery in the field of immune function of hemocyanin and will be helpful for its further research and practi-
cal application. [ Journal of Fishery Sciences of China,2006,13(6):1 006 -1 011 ]

Key words: Litopenaeus vannamei; hemocyanin; bacterium; agglutinative activity ; immunity
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