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5.0 107 CFU/mL
1.2.3
A B 2  0.1 mL 0.85

1.2.2  2 
6 h 12 h 24 h 

36 h  5 1.2.1

1 B1 2 B2 
B1/B2-6h

B1/B2-12h B1/B2-24h B1/B2-36h
A-6h A-12h A-24h

A-36h  20  
1.2.4 SDS-PAGE 0.01 mol/L pH 7.4 PBS

1.2.2 1 10
2 SDS 100  

5 min 3% 10% 

1.2.5 MALDI-TOF/MS  
12 SDS-PAGE p28.5

MS-Fit
1.2.6 Western-blotting  1.2.3 SDS-PAGE

5% 
1 h IgG

 1 400  IgG-HRP 1 1 000  
2 h 1 h DAB 

1.2.7 p28.5 
1.2.4 B1 B2 SDS-

PAGE p28.5
B1 B2 B2 12 h

p28.5 p28.5

2

2.1 SDS-PAGE
1

B1-12h B1-24h B1-36h B2-24h B2-36h
SDS-PAGE 1

28.5 kD p28.5
B1-6h B2-6h B2-12h p28.5

p28.5 

B1 B2
B1-12h  B1-24h  B1-

36h B2-24h  B2-36h p28.5

1  SDS-PAGE

1 2~5 A-6h A-12h A-24h A-36h 

SDS-PAGE 6~9 B1-6h B1-12h B1-24h B1-36h 

SDS-PAGE 10~13 B2-6h B2-12h B2-24h 

 B2-36h SDS-PAGE .

Fig.1  SDS-PAGE analysis of mixed shrimp sera obtained 

from  Litopenaeus vannamei  infected by Vibrio 

parahaemolyticus

1 Protein markers 2 5 SDS-PAGE analysis of A-6h A-12h A-24h 

and A-36h mixed sera respectively 6 9 SDS-PAGE analysis of B1-

6h B1-12h B1-24h and B1-36h mixed sera respectively 10 13 SDS-

PAGE analysis of B2-6h B2-12h B2-24h and B2-36h mixed sera 

respectively

2.2 p28.5 MALDI-TOF/MS
p28.5

MALDI-TOF/MS  2 p28.5
Hemocyanin 

precursor Accession 1085839
81  1

NCBI
NCBI ptotein-protein BLAST 

75 kD gi|854403  
100

75 kD
p28.5

75 kD
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3  42728.5 kDa

2 p28.5 MALDI-TOF/MS

Fig.2  MALDI-TOF/MS peptide mass fingerprint PMF  

spectra of p28.5 protein

 1 p28.5 MS-Fit
Tab.1 Homologous search results of the PMF of p28.5 

protein by MS-Fit search engine

Searched
protein

/%
Mowse score

%
Masses matched

/ D /
Protein 

MW/ D /pI

p28.5 2.09 9 81  74981/5.3

Accession # Species Protein

1085839 Penaeus 
vannamei

Hemocyanin 
precursor

2.3 p28.5 Western-blotting 
p28.5

75 kD A-12h B1-12h
Western-blotting 

 3 A-12h B1-12h
75 kD 77 kD 2

A-12h
B1-12h 2 6 B1-12h

28.5 kD 1

p28.5

 3  Western-

blotting

1 2~3 A-12h B1-12h Western-

blotting - 

IgG-HRP

Fig.3  Western-blotting analysis of partially mixed shrimp sera 

obtained from Litopenaeus vannamei infected by Vibrio 

parahaemolyticus
1 Protein markers 2 3 Western-blotting analysis of A-12h and B1-

12h mixed sera respectively rst and second antibodies were rabbit 

anti-shrimp hemocyanin antibody and goat anti-rabbit IgG-HRP 

respectively  

2.4 28.5 kD

28.5 kD
p28.5
B1 B2 SDS-

PAGE  2  4 p28.5
A B1 B2 0 70  

42.8 B2 12 h  p28.5 
 25% 56.25% 28.5 kD
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 2 p28.5 A B1 B2
Tab.2 Percentage of p28.5 protein presenting in groups of A B1 and B2 respectively

Group
6 h 12 h 24 h 36 h Total

n ASP* % n ASP* % n ASP* % n ASP* % n ASP* %
A 5 0 0 5 0 0 5 0 0 5 0 0 20 0 0

B1 5 1 20 5 5 80 5 4 80 5 4 80 20 14 70.7
B2 6 2 33.3 6 1 7.7 8 4 50  8 5 62.5 28 12 42.8

* p28.5   p28.5 .
Note * means amount of shrimp presented p28.5 protein  means presented percentage of p28.5 protein.

 4  B2 12 p28.5

a b B2 12 h 12 h p28.5 .

Fig.4  Comparative analysis of presented percentage of p28.5 

protein in the group of B2 between within 12 h and 

after 12 h
a b Percentage of p28.5 protein presented in B2 group within 12 h and 

after 12 h respectively.

3

 13 15

Dhar  
cDNA White spot 
syndrome virus WSSV

16 Wang 17  cDNA 
 WSSV Penaeus chinensis  

heat shock 
proteins HSP70 and HSP90
trehalose-phosphate synthase TPS

 ATP  A 

He 18

 25 
acute phase response APR

 1  
28.5 kD 

8 9

 12 h  28.5 kD 
1  MALDI-TOF/MS  Western-blotting 

 75 kD 
2 1

3
p28.5  
75 kD 

 Destoumieux-Garzon 8   Lee 9

28.5 kD
A B1  B2 

 28.5 kD
28.5 kD 

12 h
 12 h

2 4 28.5 kD
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APR

acute phase 
protein APP 19 23 Yoshiga 22  2 

Aedes aegypti Aedes albopictus
 66 kD APP

Jiang 23  Manduca sexta  
-1 3- APP -1 3-

-2 -GRP-2
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A new fragment with 28.5 kD degraded from hemocyanin in shrimp Litopenaeus 
vannamei

ZHANG Yue-ling1 2 YE Xiang-qun3 CHEN Jie-hui1 HUANG Tong-wang1 HU Zhong1 LI Yuan-you2

1.Department of Biology College of Science Shantou University Shantou 515063 China 2. Marine Biology Institute Shantou 
University Shantou 515063 China 3. First Af liated Hospital Medical College Shantou University Shantou 515041 China

Abstract: It has been suggested that hemocyanin would be a multifunctional protein involved in immune process
producing some fragments with different immune activities in particular. To search some new fragments of 
hemocyanin comparative analysis was conducted among serum proteome of shrimp Litopenaeus vannamei 
during different periods after the shrimp was infected by the pathogen using comparative proteomics technologies.
The results showed that a new protein with 28.5 kD namely p28.5  was found in the Litopenaeus vannamei 
serum after it had been infected by Vibrio parahaemolyticu for 12 h. Then the p28.5 protein was subjected to 
MALDI-TOF mass spectrometry analysis and the database searching results indicated that p28.5 protein showed 
high homology with Litopenaeus vannamei hemocyanin 75 kD subunit. Further evidence indicated that the p28.5 
protein not only strongly reacted with anti-shrimp hemocyanin antibody specially but also was related to anti-
infection function of shrimp. These results lead to the deduction that the p28.5 protein is a new fragment with 
28.5 kD degraded from hemocyanin suggesting p28.5 protein as a new type of non-speci c immune pattern of 
hemocyanin. Journal of Fishery Sciences of China 2008 15 3 425 430
Key words: Litopenaeus vannamei 28.5 kD hemocyanin new degraded fragment anti-infection
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