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BT AN E) 210 SR B Ay 439 xF &1 I 35 28 5 Y AR SR 7R 14 K2
7 F EEXSEE o 4R

wHfE, K W, #EH, k&R, HEE, FRK
USRI R, | R B R S0 se%, JR Msk 515063)

WE: BEAR KN, I d & & (hemocyanin, HMC)Z — ft LA 5 % W % 5 #
R % 0 M %% 3 & B # F ik (immunoglobulin superfamily, [gSF) 27, {2324 4 1k, #
SN TEM T RMRFE L RFRE UG ESIFHMCH £ L, KA % fo
B, MEEENHAEE4HHMCHE 4 A-HMCs. A-HMCl. AL-HMCs#r AL-HMCI,
AANEMTEAENREFERFERAER. £, AL-HMCsFr AL-HMCIx & f7 #F & Fo
Bl 74 fn 5T Y 5k B U5 0 A B 3B T A-HMCsFn A-HMCI, w7 %4 & & # 2~321F. 4, @&
I W %k B H Yk (two-dimensional gel electrophoresis, 2-DE) %t & % E1 3F # A #f f~ F] HMCHy
BB A R AR B K AT . £ RE R, 4MHMCE2-DERE % E LI A
6~TNNE=RHEBWEGRE, HE5 M 7 9% % £ (concanavalin A, ConA). %, £ % % % (pea-
nut agglutinin, PNA). #| ¥ % £ % (ulex europaeus agglutinin, UEA)F8 X b & B % & % (do-
lichos bifows agglutinin, DBA)%4fr it £ Z W IR FEE EHZ 7. ¥, A-HMClI64 &
BEH R AR R & £, MA-HMCs 64N& B & ¥ F4. 3/ &4 5 5UEA. DBAR i
2 [, AL-HMCsftAL-HMCIT L 5 UEA. PNAR R U E G 500 h HEE A 5
3/7. 2/60 mkdEM, i mERE A EHFEN S TEA TR S L& A kA EE
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R T FHLH A AT RE . ik, #E— PR ER M
Wi 8 A R AEAS R S B A T RE I 70 1 SR A, X T
18 7 X T S BE BT AR A o3 T AL A B

1 MRS JE

1.1 #H

JLA IS R (A K (10.5£0.6) cm]ily E il 3k T
e KA B F A T SR s R T TR (Es-
cherichia coli K12) . B LI E (Vibrio parahae-
molyticus) . 4 ¥ {04 & BR &l (Staphylococcus aure-
us). CTVEEBRE (Streptococcus iniae) iR 2H 5%
0 % AR AT P
1.2 EZERF

BT LA X B I W5 AR S /NI R
L35 17 PR A S 46 2 S e il 4%, VAL 50 AL Sephar-
ose-4BH AMRESCOZA &) F= /i, ConA-Agarose .
F 3t -a-D-H Z& lH h Sigma s 7] 72 5, BRI
L AR 0 5% A1 (Avidin-HRP) . HUR T E k4
fig bR i - hi e lg Gl T4 TAEY TR (L
T8 ) A9 A FR 2\ 7] (Sango Biotech).

1.3 HRERYHI &

W 00 975 P ) 2 42 1AL R A i 30 R Ay vk
A7 T mLy: 5 2% B A ML A8 VS X MR o U 41l R
MR, 4 °CukA%, 3 000 r/min.0>20 min,
20 °CIRAEET H o

1.4 MEEANGHCEELE

I W4 B 110 4l A0SR 2R RZ BT R 4R R 2
Mree RibA7T. Hop, FMZEN S B8 R E
L0/ 81 Rt o W < 1k N N 2
ML i, BRER & RULTE , 4l Ak Br i P ik
o3 5 1R AL % AL B Sepharose-4BIR Ik (Fi = Lo 1 -
100), EEGFEF2 h, WMk, H200 pL
XFUR I K IR, R HEATIEE . Ve . &
G TINRY | s e 7 D d =2 W 1 o = = NI
/NS FE B R 4l 4k T A5 26 1 5 43 1 4 4 R A-HM-
Cl. A-HMCs; B4R 2123 M Sigmal w7 il i
M43 EA T, UGS f ConA-Agarosee i, AKIRIEAT
VEVEFNRE RV, 40 3 ) B 4280 pg/mLIY)
300 uL A-HMCI, A-HMCs 5 5E8E Z R I &3 h,
- 17 2% % (20 mmol/L Tris, pH 7.4, 0.5 mol/L
NaCl)AEH: SEPEBENE , 0.5 mol/LH J-a-D-H &% bl
RS PEVEIBE , B 5 M DR 43 50l i 44 R AL-
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HMCs. AL-HMCI,

RS 21 0 B 1 o 25 W 4 ANV B 7 (BCATE)
J& RS A A 9 5 34T SDS-PAGEP
5 Western-blotting % & ®' . WL ¥ 85 (I AE 15 pL
(0.2 mg/mL), RHI3%MELEIE . 10%55 25 4% 5
7711517 SDS-PAGESHT o HLUKZE 5 2 T
A2 h, SY MR R37 °CHE L h, 455
S B I W B TPV (1 2 1 500)F1 EHi flgG-
HR(1 : 3 000)37 °CH# & 60 minf140 min, TBST
(0.5%Tween-20, 20 mmol/L Tris, 0.5 mol/L
NaCl, pH 7.4) 5853k, DABR (41,

1.5 BRESLE

kB S 50 2 HR UG 20 iy S99 40 008 114 Jy 1 A TP
O ITER R R . BIVA IS . &6
A ER AN RVBEBR B, I TBS-Ca’ (50 mmol/L
Tris-HCI, 0.75% NaCl, 50 mmol/L CaCl,, pH 7.2)#
25 A0 B (1x10° CFU/mL). & J5 B TBS-Ca™ 4
SKE 53 B T A 1M 95 2K 11 (280 pg/mL)iE AT 25 Aef
MR, A0 pLif el g b, 555
BRI AN B RRA), #37 °C 30 min, Olympus
BH-28Y 2 G055 WL S 20 T e SR RS . DA R il &
e BB SN 1Y e e R R BE AR ALY, RE AR
57 5 5 BRI 0 LU (BN BE AR LU TR (mg/L)
1.6 X [E)EEAR B2 K (two-dimensional gel electro-
phoresis, 2-DE) 53 #f

XL [ 585G B ik 43 AT 422 1R A5 2 iy B 412G 1
i I Gl || N e = R EA IR PR Sl R IR 341
200 pg 5150 pLAK Ak b A 22 vl i (7 mol/LIR
%, 2 mol/LEilk, 4% CHAPS, 0.001%JR iy %,
0.01 g DTT, 5 uL Bio-Lyte 3-10)F/MEA), HEH
pH 4.7~5.9 IPGJi 4% (Bio-Rad, 7 cm)# 17 % Hi B
fE, BELSHE, ERH3%EAIR . 10%50 5k
HEATH L SDS-PAGE /3 #T .

1.7 BEZENTEDR

Bk F 13 43 M1 2 I Figueroa-Soto %5 Ui} 1A
)5 84T o BL2-DEHL UK 45 G BB , 2T
KA 52 h, 5% BSA 25 °CEH2.5h, Y
FALEELE R [ 7] 7 #E4E F (concanavalin A, ConA,
1:1000)., fE/E %% &K (peanut agglutinin, PNA,
1 :100)., Ff 5 ¥4 % (ulex europaeus agglutinin,
UEA, 1 : 500)F1 XA Jat 52 5k 4 2 (dolichos bifows
agglutinin, DBA, 1 : 1 000)] 37 °C#¥ & 60 min,
F1Z-HRP(1 : 1000) 37 °CI¥ & 40 min, TBSTIL4S>
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Yevk, DABE. 188, Quantity One 4.6.2% 1
(Bio-Rad”A w )43 AHXT G2 B2

2 HEiH
20 MEBEFEAMSGLELE
KR RUZNT . BEAE 22 HT AL 7 15 450 15

H i (A-HMCl, A-HMCs, AL-HMCIFIAL-HMCs)
TESDS-PAGE 3 ¥R I K75, 77 kulh 55417
(El1-a), 5 FLGIEXTAR I 0 2 1 F R AR, B
¥ 5 G bt i e 2 B i v 2 B A B (BT 1-b)

1 2 3 4
<«77ku
- s
(@)
<«77ku
<“—75ku
(b)

E 1 4# A [E 1% ZE B SDS-PAGE (a)f0
Western-blotting (b) 5> #7
Fig.1 SDS-PAGE (a) and Western-blotting (b)
analysis of four hemocyanin fractions
1. A-HMCs 2. A-HMCI 3.AL-HMCs 4. AL-HMCl

SN N5 A-HMCs A-HMCI
protein concentration 17.5 mg/L 17.5 mg/L
KIHT
E. coli K12
25 um 25 um
BT L9 3
V. parahaemolyticus :
25 pm 25 um
L o
SO ERE Lh LT
S. aureus ot o
25 pm 25 pm
CUBERRT ;
S. iniae 5
25 um 25 pm

B UL BEEA , T 4l Ak i 40 2R 11 035 o LA i X R
MmEHEA, "THTFF LM,
2.2 4FHIMIESE B MEEREIE LR S
buA: N 77 S S IR (1) N SN s e 1R
BRI O BB R AR 4R IR T, LS A-HMCs,
A-HMCI, AL-HMCsHl AL-HMCI% Ifil % 2 [ 5% 4
WM ZER R D R ER, 4R & A XA
[ B PR B AR TR AP AR R 22 57, Hirp, AL-HMCs
FAL-HMCIX KT i . Rl i K e i) 58 46 15
V£ B 38 T A-HMCsFIA-HMCI, i 24854 1
2~324%(12),

F1 MMEFEEMAEREEEOELERSH
Tab.1 Comparison of bacterial agglutinative activities

among 4 hemocyanin fractions (280 mg/L)

A-HMCs A-HMCI AL-HMCs AL-HMCI

PN 7Lai |
E. coli K12 438 438 1.09 2.19
RV LI
i . . 35 8.75 2.19 1.09
V. parahaemolyticus
S A
. TRk 2.19 2.19 0.55 2.19
S. aureus

Lk

b 2.19 438 2.19 2.19

S iniae

WS T (mg/L)="18 A IR FE MR RN
Notes agglutinative activity (mg/L)=protein concentration/agglutinative
efficiency

AL-HMCs AL-HMCI PBS
35 mg/L 35 mg/L 0.01 mol/L

25 pm 25 um 25 um

i

§ T 5,

4
25 um 25 um 25 pm
= 03T

25 um  25um 25 um
25 um “25 um 25 um

& 2 4% E B 40 A E R B (400%)

Fig. 2 Agglutinative activities analysis of 4 hemocyanin fractions against different bacteria (400x)
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23 AMMEEAEAREREEERIGER
ELAR 53

K 2-DEHE A H A [R] 1L 5 2 1 ) 8 5
HIN2ES, SR B, 4R %E A 1E2-DER 3%
R 6~TA S S R4y FRAFE I B E W
S (F3-a), Hd, A-HMCs. A-HMCIE H
JF 5 B2 B 5 AL-HMCs . AL-HMCI12 280Kk,
WG AR, S FiRERBR/N,
M5 = AR o

FEM IR Z b, i — 20 R F2-DEESE 2 Bk
FoR WA [A] I 5 2 OB IS B i n 22 S 1, 45
RER, ARIMEESE AT 5ConA. PNA, UEA
FIDBASE AR 5E 5 2 & A N R B2 i Fe e b &
(E3-b), Hrh, A-HMCI 6% [ 5 5 3 a3 51
AFPEEEEZ , T A-HMCs 675 11 05 h U A4, 3
53 ) 5 UEAFIDBA R v & B, AL-HMCs
FIAL-HMCI5UEA . PNASR S 60 1 150 5
HE A TS BY3/7R12/60 RS, 4R I 5
B M L AL B KO R RE A AR IR 22 5

A-HMCs A-HMCI AL-HMCs AL-HMCI
47 pl 5947 pl 59 4.7 pl 59 4.7 pI 59
6 123456 18 12
1 ij f?J L 4lbbd il [ o
' - T ;,?;
s Bl 3454
A-HMCs A-HMCI AL-HMCs AL-HMCI
47 pl 59 4.7 pl 59 47 pl 5947 pl 5.9
- 1 23 4 5 6 - - -
o 123456 S it e 2% Lo ?
¥ Lonat ——
on _— e ‘4‘ ; 6
s RO 3
456
PR ERELR } 1205 L2
PNA bt S -
A @7 3 5
2
1 23 6 123456 1 1
i I AR ¥
UEA < ™ R asl
4 5 3456
1 23456
23 PR 23
3 FoF
DBA —y £ B ’
& 3 4752 A 2-DE (a)#12-D% £ EN i (b) EL 352 0 47
Fig. 3 2-DE (a) and 2-D Lectin-blotting (b) analysis of 4 hemocyanin fractions
3 e MBI U)K cHE1(cDNAT of hemocyanin, cHE1),

REAEAFZE 2B, I 2R 2 — Fh B oA b
B . DUBE S 2R R AN T 2 TR U,
Bz 4Rk, HIEE L AR 0 o 7 26l v A TS
H o AL ) & BRI W AR P A A R K Y
ST EAMT RS HIIBEZ A VM 5C . Zhao
G LuBEU R B LN I T B I B RO SR A
DNAFIMRNAZK-AETEZ 0K, HixseAsfk
Xof R SRR AN [) 55 J5 285 VD AH 56 . ZhaoS5 1R I ML4A
Y U IfL 3 1 /0N 3 3 AE mRNAZK S 777 — Pl gk
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FEAT . 5 6k SRR A IR B AR A Ko Zhao
SERY L GuofE Yk B ML IR L E A R /)
W C-R i 3 WIAFAE 13 . 11 B R 2 A 1k
(single nucleotide polymorphism, SNP){v; i, H H:
55 BIL A HRAR AN [R5 B ) SR i DDA G . (H2 4
gk, i A R RS AR TR
KRB HEIEL SN, IF SIS ER
AR, A L5,

M, AWPFERERZ N BEE R 2T
FeARAE 53 B 2 AL 3R 4RN L HE R 11 . A-HMCs
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A-HMCIl, AL-HMCsFIAL-HMCI(F 1A Hal 2=
b, X HEEEEE ST T X, SR
N, BEARFRZHT LR B N K AT T AR I
S B P 358 4 15 Mk I R TR M2 AT R A
55 Brudzynski%E "4t 18 ConA%E4E 2 M 0 & i 15
B 0K T2 B DR A TR B A B 5 ) AR R R AR
FPERE BT 45 AL, 254 ConA%E S M 1R
o-d-H @M . a-d-H AR A RREEN, HET A A
TZ2FORE L 9 1 W A 1 T B A SR PR TE M

SR e 2 X T WG Ll e s R R e
225, AR H2-DEFIEE4E £ BN H AR 2%}
HAAT TIRA MBS, K BN [ 5 3 (A2 2-
DEEIEfF7EN R 225, T H 5ConA, PNA, UEA
MIDBAGAFIEEE RIS A RIER B EAR . #
R B 3 TE P AN K B v 3R A5 S e 3 A0 0& 1
T8 BE R[] 9 1L % A 11 (HMC . HMCb-. HMCb .,
HMCs-FIHMCs), HEESE | % MG M Ar e ok
25, FRE YRR AL S, SR AR 0
R EINEHILT-23 k™, 52X, Dolashka
S OIE S ik 21 R L W AR A B Ak A o I
RvH2-e EL A5 1L ' W i A M9 449 75 (respiratory syn-
cytial virus, RSV)i& 4, 1 dE#E 3 4L HERvH2-¢
ANEE M BN, MR A EE AR
g AL B oK R AR AE 280, TR 5 HI)
AE 2 FEE B VDA G o 25 5 DR B2 HiF 99 & B %
Il 3% & F17EDNA . mRNAZK - BEAG 4y F 2803
5 A 4 D) B A DG B F o 45 SR U, AT L
HE , X ER W AR TR AR . AR B AR AL
BRI AEAER 22 55, AT Rt (Rl 240 9 T il i
FEATIRe 2R 4 T 3L

i L rik, AW TR BRI SR 2
#E— 25 e BN IE I AR A DR 2 AR MR A
Bili o] BB A 5 H R 5 AR 3 Ak A& i KO 1Y
ZREHE VI OC ., EF U ois f f5 1l
TR LA AR S L R AT 5 R RN L e
RG] 25 SRR G — LR 5 FIE S

SE M

[1] Decker H, Rimke T. Tarantula hemocyanin shows phen-
oloxidase activity[J]. Journal of Biological Chemistry,
1998, 273(40): 25889-25892.

[2] Nesterova N V, Zagorodnya S D, Moshtanska V, et al.
Antiviral activity of hemocyanin isolated from marine

snail Rapana venosa[J]. Antiviral Research, 2011, 90(2):

[31]

[10]

[11]

(12]

[13]

38.

Zhang Y L, Wang S Y, Xu A L, et al. Affinity proteom-
ic approach for identification of an IgA-like protein in
Litopenaeus vannamei and study on its agglutination
characterization[J]. Journal of Proteome Research, 2006,
5(4): 815-821.

Jaenicke E, Fraune S, May S, et al. Is activated hemocy-
anin instead of phenoloxidase involved in immune re-
sponse in woodlice?[J]. Developmental and Comparat-
ive Immunology, 2009, 33(10): 1055-1063.

Zhang Y L, Yan F, Hu Z, et al. Hemocyanin from
shrimp Litopenaeus vannamei shows hemolytic activi-
ty[J]. Fish & Shellfish Immunology, 2009, 27(2): 330-
335.

Zheng L'Y, Zhao X L, Zhang P, et al. Hemocyanin from
shrimp Litopenaeus vannamei has antiproliferative ef-
fect against HeLa cell in vitro[J]. PLoS ONE, 2016,
11(3): e0151801.

Coates C J, Decker H. Immunological properties of oxy-
gen-transport proteins: hemoglobin, hemocyanin and
hemerythrin[J]. Cellular and Molecular Life Sciences,
2017, 74(2): 293-317.

Coates C J, Nairn J. Diverse immune functions of hemo-
cyanins[J]. Developmental and Comparative Immuno-
logy, 2014, 45(1): 43-55.

Velayutham M, Munusamy A. Humoral immune re-
sponses of antibacterial hemocyanin (Ab-Hcy) in mud
crab, Scylla serrata[J]. Aquaculture, 2016, 464: 428-433.
Cong Y, Zhang Q F, Woolford D, et al. Structural mech-
anism of SDS-induced enzyme activity of scorpion
hemocyanin revealed by electron cryomicroscopy[J].
Structure, 2009, 17(5): 749-758.

Jiang N X, Tan N S, Ho B, ef al. Respiratory protein-
generated reactive oxygen species as an antimicrobial
strategy[J]. Nature Immunology, 2007, 8(10): 1114-
1122.

Dolashka-Angelova P, Lieb B, Velkova L, ef al. Identi-
fication of glycosylated sites in Rapana hemocyanin by
mass spectrometry and gene sequence, and their antivir-
al effect[J]. Bioconjugate Chemistry, 2009, 20(7): 1315-
1322.

PanJ Y, Zhang Y L, Wang S Y, et al. Dodecamer is re-
quired for agglutination of Litopenaeus vannamei hemo-

cyanin with bacterial cells and red blood cells[J]. Mar-

http://www.scxuebao.cn


http://www.scxuebao.cn

1752

Ko AR

0 E

[14]

[15]

[16]

[17]

[18]

[19]

ine Biotechnology, 2008, 10(6): 645-652.

FERBE, IBSZNI, 255, &5, SHh FLYATE X iF ML ¥ 4z A
BEHEALAS U K The xS e (3], oh B A 5 9 T
AR, 2009, 25(7): 655-661.

Zhang Y L, Xing L G, Yan F, et al. Comparative ana-
lyses of five hemocyanin isomers from shrimp Litopen-
aeus vannamei[J]. Chinese Journal of Biochemistry and
Molecular Biology, 2009, 25(7): 655-661(in Chinese).
CaoJ S, Wang Z H, Zhang Y L, et al. Identification and
characterization of the related immune-enhancing pro-
teins in crab Scylla paramamosain stimulated with rhu-
barb polysaccharides[J]. Molecular Immunology, 2014,
57(2): 263-273.

Figueroa-Soto C G, De La Barca A M C, Vazquez-
Moreno L, et al. Purification of hemocyanin from white
shrimp (Penaeus vannamei Boone) by immobilized met-
al affinity chromatography[J]. Comparative Biochem-
istry and Physiology-Part B: Biochemistry and Molecu-
lar Biology, 1997, 117(2): 203-208.

Zhao X L, Guo L L, Lu X, et al. Evidences of abundant
hemocyanin variants in shrimp Litopenaeus vannamei[J].
Molecular Immunology, 2016, 77: 103-112.

Lu X, Lu H, Guo L L, et al. Cloning and characteriza-
tion of a novel hemocyanin variant LvVHMCV4 from
shrimp Litopenaeus vannamei[J]. Fish & Shellfish Im-
munology, 2015, 46(2): 398-405.

Zhao S, Lu X, Zhang Y L, et al. Identification of a novel
alternative splicing variant of hemocyanin from shrimp

Litopenaeus vannamei[J]. Inmunology Letters, 2013,

http://www.scxuebao.cn

[20]

[21]

[22]

[23]

[24]

[25]

154(1-2): 1-6.

Zhao X L, Guo L L, Zhang Y L, et al. SNPs of hemocy-
anin C-terminal fragment in shrimp Litopenaeus van-
namei[J]. FEBS Letters, 2012, 586(4): 403-410.

Guo L L, Zhao X L, Zhang Y L, et al. Evidences of SN-
Ps in the variable region of hemocyanin Ig-like domain
in shrimp Litopenaeus vannamei[J]. Fish & Shellfish Im-
munology, 2013, 35(5): 1532-1538.

Brudzynski K, Sjaarda C. Honey glycoproteins contain-
ing antimicrobial peptides, Jelleins of the Major Royal
Jelly Protein 1, are responsible for the cell wall lytic and
bactericidal activities of honey[J]. PLoS ONE, 2015,
10(4): e0120238.

AR, TR I, gL, & CK8ZEWERE 451 SRH 1% /K~ i
AR 5 N 9 4 P e RS AH G VERIE L[], AR 5 4
YFEHERE, 2007, 34(2): 196-202.

Dai Z, Liu Y K, Guo K, et al. Alteration of CK8 both in
its expression level and its glycan parts related to HCC
metastatic ability[J]. Progress in Biochemistry and Bio-
physics, 2007, 34(2): 196-202(in Chinese).
Muiioz-Antoli C, Cortés A, Sotillo J, et al. Differential
expression and glycosylation of proteins in the rat ileal
epithelium in response to Echinostoma caproni infec-
tion[J]. Journal of Proteomics, 2014, 101: 169-178.
Dolashka P, Velkova L, Shishkov S, ef al. Glycan struc-
tures and antiviral effect of the structural subunit RvH2
of Rapana hemocyanin[J]. Carbohydrate Research,
2010, 345(16): 2361-2367.


http://www.scxuebao.cn

113 WA, S BTN IR Al Ak SR 1 AR Xl W L A A PR B N T R o) T B X L A3 BT 1753

Analysis and comparison of agglutinative activity and the molecular basis
among 4 kinds of Litopenaeus vannamei hemocyanin
based on different purification strategies

HUANG Yuegian, ZHANG Pei, ZHONG Mingqi, YAO Defu, CHEN Jichui, ZHANG Yueling"

(Key Laboratory of Marine Biology of Guangdong Province, Department of Biology,
College of Science, Shantou University, Shantou 515063, China)

Abstract: It has been confirmed that hemocyanin (HMC) is a kind of immunoglobulin superfamily (IgSF) protein
with antiviral and antibacterial activity. But until now, the molecular basis of its functional diversity is not well un-
derstood. In this study, four kinds of HMC fractions from Litopenaeus vannamei, i.e. A-HMCs, A-HMCI, AL-
HMCs and AL-HMCI, were purified by affinity chromatography and lectin chromatography, which possessed dis-
tinct agglutinative activities against different pathogens. Among them, the agglutination activities of AL-HMCs
and AL-HMCI were significantly (about 2-32 times) stronger than those of A-HMCs and A-HMCI against Es-
cherichia coli K12 and Vibrio parahaemolyticus. Furthermore, the protein component and glycosylation modifica-
tion of the 4 HMCs were analyzed by 2-DE and 2-D lectin blotting. The results showed that they had 6-7 spots in
the 2-DE map with significant difference in isoelectric point and molecular weight. In particular, these protein
spots could bind with 4 lectins, including concanavalin A (ConA), peanut agglutinin (PNA), ulex europacus agglu-
tinin (UEA) and dolichos bifows agglutinin (DBA), to different degrees. Of these, all of the 6 protein spots from
A-HMCI could bind to 4 kinds of lectins, while only 4 and 3 protein spots from A-HMCs showed positive to UEA
and DBA, respectively. AL-HMCs and AL-HMCI could respectively react with PNA and UEA, to produce 3 spots
out of 7 total protein spots and 2 spots out of 6 total protein spots, respectively. Collectively, our data demon-
strated that the molecular basis of functional diversity of shrimp hemocyanin may be closely related to the di-
versity of protein composition and glycosylation.

Key words: Litopenaeus vannamei; hemocyanin; agglutinative activity; protein composition; glycosylation; mo-

lecular basis
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