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Abstract 
Heat shock protein 90 (HSP90), functions as a molecular chaperone in protein biosynthesis play an important 
role in signal transduction, immune responses and embryogenesis. However, the function research of HSP90 in 
invertebrates is limited. To further understand the role and mechanism of HSP90 in immune and stress response, 
we have isolated the the fragment of HSP90 homologue from mud crab Scylla paramamosain through 
transcriptome sequencing of mixture of hepatopancreas and hemocytes, The full-length cDNA of HSP90 is 
harvested through RACE technology and it contains 73 bp 5’terminal UTR, 577 bp 3’terminal UTR and 2373 bp 
open reading frame which encoding a 790-amino-acid protein. BLASTP results demonstrate that SpHSP90 share 
high identity with Tribolium castaneum and Locusta migratoria and other reported crustacean (61%-73%). 
Phylogenetic tree based on HSP90 proteins show that SpHSP90 and Daphnia pulex form a cluster within the 
invertebrate group while other reported HSP90s of vertebrate are grouped into another branch. The tissue 
distribution was tested by quantitative real-time PCR and SpHSP90 was detected express in all test tissues, the 
results showed that HSP90 was constitutively expressed in Scylla paramamosain. The highest expression of 
HSP90 was found in hepatopancreas, the following was in heart, and the lowest expression of it was found in 
hemocyte. The expression patterns of SpHSP90 after challenged by the Staphylococcus aureus, Vibrio harveyi 
and WSSV were also analyzed by qRT-PCR and the result showed that the expression level of SpHSP90 was 
enhanced after challenged with the Gram-positive bacteria (Staphylococcus aureus), Gram-negative bacteria 
(Vibro harveyi) and virus (white spot syndrome virus, WSSV). These results suggested that SpHSP90 involved 
in the immune response against invading pathogens. Furthermore, SpHSP90 was expressed by prokaryotic 
expression system and purified by His Bind resin chromatography.  
Keywords: Scylla paramamosain, HSP90, molecular cloning, expression pattern, prokaryotic expression 
1. Introduction 
Heat shock protein90 (HSP90) is one kind of molecular chaperone that widely exists in cells and highly 
conserved, plays an important role in regulating cell cycle, body immunity and signal transduction, also have an 
influence on the occurrence and development of tumor, has great significance in clarifying the development of 
tumor (Picard, 2002; Wiech et al., 1992; Miyata et al., 1992; Holmes, 2008). HSP90 directly involve in protein 
assembly and transfer, stabling protein structure and regulating cell cycle, and indirectly participate in regulating 
many signal pathways by adjusting its receptor protein activity and maintaining structure stability of its receptor 
protein (Miyata et al., 1995; Schumacher et al., 1994; Nathan et al., 1997 ). HSP90 also have interaction with 
cytoplasmic proteins or nuclear, including regulatory tyrosine kinases, some serine/threonine kinases, 
transcription factors, cytoskeletal proteins, and βγsubunits of G proteins (Aligue et al., 1994). In recent years, 
many functions of HSP90 and the relationships between injury and infection have been constantly clarified, and 
the studies of HSP90 gene sequence, protein function and its role in the embryonic development process have 
caused wide public concern, including the research of this gene of many kinds of aquatic crustaceans (Gao et al., 
2007; Li et al., 2012). It will be induced to express when heat shock responses occur under the stress from 
environment or pathogens and take part in relevant immune reaction, suggested that they play an important role 
in response to potentially stress conditions (Polla, 1991; Kregel, 2002; Feder et al., 1999; Jolly et al., 1999). 
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Have researches reported: HSP90 also involved in the immune response in lipopolysaccharide (LPS) recognition 
(Byrd et al., 1999; Triantafilou et al., 2002; Triantafilou et al., 2001). 
The Scylla paramamosain, green mud crab belongs to Arthropoda, Crustacea, Decapoda, Portunidae, is one of the 
most promising and valuable crabs for aquaculture in China (Estam, 1949). The culture area of the green mud crab 
in China expanded inrecent years (Li et al., 2004). However, With the enlargement of the cultivation scale and 
intensive culture, couple with the deterioration of ecological environment, Bacterial disease become more serious, 
even white spot syndrome virus (WSSV) began to infect this kind of crab now, which cause lots of economic 
losses (Lange et al., 2000; Pandey et al., 2000). Therefore, clarify the expression pattern of HSP90 after pathogen 
infection will be benefit to the farming of aquatic crustaceans. In the present study, we cloned a full-length 
cDNA sequence and characterized of a HSP90 from the green mud crab Scylla paramamosain. The immune 
relevant functions of HSP90 were validated. After being infected with bacteria or WSSV, the transcripts of 
HSP90 gene were up-regulated, These results suggest that HSP90 plays an important role in defending against 
bacterial and virus infections. 
2. Materials and Methods 
2.1 Experimental Animals, Reagents and Pathogens 
The Taq DNA polymerase, dNTP Mix, RNase Inhibitor, M-MLV RTasecDNA Synthesis Kit, SYBR Premix Ex 
Taq II, DEPC treated water, Oligo (dT) 18, pMD18-T Vector, DH5α competent, Rosetta (DE3) competent, 
Agarose Gel DNA Purification Kit, DNA Marker were all purchased from Takara (Japan). TRIzol reagent was 
obtained from Invitrogen (America), SMARTTM RACE cDNA Amplification kit was purchased from Clontech 
(America), Kanamycin, Ampicillin was purchased from AMRESCO (America), T4 DNA Ligase, Reverse 
transcription System, IPTG was purchased from Fermentas (Canada)，His Bind resin chromatography was 
purchased from Novagen (America). Staphylococcus aureus, vibrio harveyiand White Spot Syndrome Virus 
(WSSV) were conserved by our lab. 
Staphylococcus aureus and vibrio harveyi were overnight cultured at 37°C. centrifugally collecting thalli 
(3000×g, 20 min), the thalli was washed by Phosphate Buffered Saline (PBS) (140 mMNaCl, 10 mM sodium 
phosphate, pH 7.4), subsequently, re-suspended in PBS to harvest 109 Colony-Forming Units per milliliter 
(CUF/ml) cell suspension. WSSV was extracted from gill of Penaeus chinensis infected with WSSV. After gill 
homogenized, collected the supernatant after centrifugation, measured virus quantity, then diluted to 107 viral 
particles per milliliter. 
Healthy adult mud crabs Scylla paramamosain (average body weight: 300 ± 50 g) purchased from a commercial 
crab farm in Chongming county (Shanghai, China) were reared in 300 L tanks with continuous aeration for a 
week before processing. Water temperature, pH and salinity was maintained at 18°C, 8.0~8.2, and 10, 
respectively. 
2.2 Immune Challenge and Sampling 
Crabs were randomly divided into 5 groups including staphylococcus aureus group, vibrio harveyi group and 
WSSV group, PBS group as negative control of bacterial stimulation, and the supernatant of homogenate of 
healthy shrimp gill tissue group as negative control of WSSV stimulation. Each group contains three replicates. 
Each crab was injected with 50 µl staphylococcus aureus supernatant (5×107 cfu), or 50 µl vibrio harveyi 
supernatant (5×107 cfu) or 50 µl WSSV supernatant (5×105 virus particle) at the base of the right second leg. 
Crab from the corresponding control was injected with 50 µl PBS or healthy gill tissue supernatant. Hemocytes 
was collected from each crab at 0, 2, 6, 12, 24, 48 h post-injection, and mixed with an equal volume of 
pre-cooled anticoagulant solution (0.14 M NaCl, 0.1 M glucose, 30 mM trisodium citrate, 26 mM citric acid, 10 
mM EDTA, pH 4.6). Subsequently hemocytes were centrifuged at 800 g at 4°C for 15 min, and hemocyte pellets 
were immediately suspended in Trizol for RNA extraction. In addition, hemocytes, heart, hepatopancreas, gill, 
stomach, intestine, muscle, gonad and connective tissue from healthy crabs were collected for SpHSP90 tissue 
distribution analysis. 
2.3 RNA Extraction and cDNA Synthesis 
Total RNA was isolated from healthy crabs hemocyte, heart, hepatopancreas, gill, stomach, intestines, muscle, 
connective tissue and gonad using Trizol following the protocol of the manufacturer, as well as isolated from the 
hemocyte of challenged crabs at 0, 2, 6, 12, 24 and 48h post-challenge, stored at -80°C. The quality was checked 
by spectrophotometry. Total RNA was reserve transcribed with the M-MLV RTasec DNA Synthesis Kit to get 
the first strand cDNA. The product was diluted properly and stored at -20°C till analysis. 
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2.4 Cloning the Full-Length cDNA of SpHSP90 
A fragment of HSP90-like cDNA sequence was harvested from the cDNA library of mud crab Scylla 
paramamosain constructed through transcriptome sequencing of mixture of hepatopancreas and hemocytes. A 
pair of primers, SpHSP90F (5′-GACCCGCAATGACCTGGTGAAC-3′) and SpHSP90R 
(5′-CTCCACTGGTTCGTCCACAGCA-3′), were synthesized to amplify the middle fragment cDNA sequence 
of HSP90. Another two pairs of primers were synthesized to obtain the 3′ and 5′ ends of this HSP90 cDNA 
sequence, SpHSP90F1 (5′-TGTTCGAGGACTTCCACTAG-3′) and anchorR 
(5′-GACCACGCGTATCGATGTCGAC-3′), SpHSP90R1 (5′-CTCCACTGGTTCGTCCACAGCA-3′) and 
SmartF (5′-TACGGCTGCGAGAAGACGACAGAAGGG-3′). The polymerase chain reaction (PCR) was 
carried out under the following parameters: 94°C for 2 min; 35 cycles at 94°C for 35 s, 60°C for 45 s, and 72°C 
for 1 min 20 s; and finally, 72°C for 10 min. The products were verified and extracted, then inserted into 
pMD18-T and transformed into Escherichia coli DH5a competent. Positive clones were screened by blue-white 
spot, subsequently sequenced by Sunny Biotechnology Co., Ltd, Shanghai. The full-length cDNA sequence of 
SpHSP90 was obtained by assembling these three fragments. 
2.5 Sequence Analysis 
The nucleotide sequence and deduced amino acid sequence of SpHSP90 from S. paramamosain were analyzed 
by DNAstar and NCBI Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The theoretical pI and molecular mass of 
the deduced protein were predicted by EXPASY Compute pI/Mw program (http://web.expasy.org/compute_pi/). 
Protein domains and signal peptide were predicted by Smart (http://smart.embl-heidelberg.de/) and SignalIP 
(http://www.cbs.dtu.dk/services/SignalP/) respectively. A phylogenetic tree of HSP90s was constructed by 
MEGA5.1. The 3D structures of the SpHSP90 domains were modeled by homology through SWISS-MODEL 
workspace (http://swissmodel.expasy.org/workspace/).  
2.6 Tissue Distribution and mRNA Expression Profiles Analysis 
Transcript expression profiles of in nine different tissues including hemocyte, heart, hepatopancreas, gills, 
stomach, intestines, muscle, connective tissue and gonad from S. paramamosain were detected by real-time 
qRT-PCR using a pair of specific primers: SpHSP90RF (5′-GGACTGGACTCTGGTGAATGA-3′) and 
SpHSP90RR (5′-CTTGATGTTGTCTGTGCGTGT-3′). A pair of Sp18S primers, Sp18SF 
(5′-GCTTTCGCAGTAGTTCGTCTTG-3′) and Sp18SR (5′-CCTCGGTTCTATTTTGTCGGT-3′) designed 
from the 18S rRNA sequence (GenBank Number: FJ646616.1) were used as internal control. The qRT-PCR was 
performed in a volume of 20 µl containing 10 µl 2×SYBR Premix Ex Taq, 2 µl cDNA, 4 µl each primer (1 µM) 
and 4 µl reverse primer(1 µM). The amplified reaction was carried out under these conditions: a pre-denaturation 
of 10 min at 95°C, followed by 40 cycles of 95°C for 10s，60°C for 60s and a melt from 60°C to 95°C. The 
expression levels were calculated using 2-△CT method. The mRNA expression level of SpHSP90 in hemocytes 
after pathogen stimuli was measured by qRT-PCR with the same primers and methods described previously, the 
templates were synthesized cDNA from the total RNA extracted from hemocytes of S. paramamosain after 
challenged by Staphylococcus aureus, Vibrio harveyi and WSSV. The expression profiles after Pathogenic 
stimuli were analyzed by 2-△△CT. 
2.7 Recombinant Plasmid Construction 
A pair of primers: HSP90EXF (5′-CGCCATATGAACAAGGAGATCTTCCTG-3′) and HSP90EXR 
(5′-TACTCACTCGAGTCATTTCTTCCACCTCA-3′) used to obtain the HATPase_c and HSP90domains of 
SpHSP90. The thermal cycling conditions used were 95°C for 5 min, followed by 35 cycles of 95°C, 30s; 59°C, 
45s; 72°C, 1 min 20 s and an extension of 72°C for 7 min. Restriction sites for Nde I and Xho I were engineered 
at 5′ and 3′ end of this expressed sequence by using this pair of primers. The product was purified using Agarose 
Gel DNA Purification kit and cloned into pET-30a vector. The transformants were selected on LB agar plates 
supplemented with Kanamycin (final concentration of 25 μg/mL). The inserted sequenced was confirmed by 
sequencing. 
2.8 Protein Expression and Purification 
The positive recombinant plasmid pET-30a-SpHSP90 was transformed into expression host strain Rosseta (DE3) 
for over-expression and induced by a final concentration of 1 mM Isopropyl β-D-1-Thiogalactopyranoside 
(IPTG) at 28°C for 10 h. thalli was collected by centrifugal, washed twice by PBS, then re-suspended in PBS and 
broken by the ultrasonic wave. The recombinant protein SpHSP90 with His-tag was purified by His Bind resin 
chromatography following the operating instructions. This recombinant protein was evaluated using SDS-PAGE 
and was further verified by Western blot, transferred the purified proteins containing in the gel onto a 



www.ccsen

nitrocellul
Milk in T
Solution (
150 mM N
TBS diluti
3. Result 
3.1 Sequen
The full le
containing
untranslate
theoretical
analysis sh
structural 
HSP90 as 
 

Figure 1
ATG is a 

is the fir

net.org/jas 

ose membrane
TBS) for 1 h. 
1/100 dilution

NaCl; pH 7.5) b
ion). Finally, th

nce Analysis 
ength sequenc
g a 2373 bp o
ed region (UT
l pI and mole
howed that the
domain HSP9
the model (PD

1. cDNA seque
start codon, TA
rst structure do

e. Then block
Following, in

n) at 4°C overn
before added t
he SpHSP90 p

e of SpHSP90
open reading f

TR) and a 73 b
cular mass of

ere is a signal p
90 (261 to 786
DB: 1Y4S chai

ence and deduc
AA is a stop co
omain HATPas

Journal of A

ked the nitroc
ncubated the 
night. Washed
the second anti
protein was sho

0 includes 302
frame (ORF) 

bp 5′ UTR (Fig
f the deduced 
peptide (1 to 2

6 aa). The 3D 
in A 2.90Å), th

ced amino acid
odon, signal p
se_c, aminoaci

Agricultural Sci

4 

ellulose memb
membrane w

d the membran
ibody (peroxid
owed via a col

23 bp nucleoti
which encodi

gure 1). GenB
protein was 4

24 aa), a HAT
structure was 

he predicted se

d sequence of S
eptide is under
id sequence in

ience

brane in block
ith the antibo

ne three times 
dase-conjugate
lorimetric reac

des with a pol
ing a 790-ami

Bank accession
4.77 and 90.77

TPase_cdomain
predicted by 

equence simila

S. paramamos
rlined, aminoa

n dash area is th

king solution 
ody against H
with TBS (10 

ed goat anti-mo
ction. 

ly-adenylation
ino-acid prote

n number: JX9
7 kDa. The d
n (101 to 259 a
SWISS-MOD

arity was 40.65

sain heatshock
acid sequence w
he second dom

Vol. 5, No. 7;

(3% Nonfat-D
His-tag in Bloc

mM Tris-HC
ouse IgG; 1/10

nsignaldownstr
ein and a 577b
987068.1. Pred
domain archite
aa) and afunct

DEL using a E
5% (Figure 2).

 
k protein 90 gen
within the text

main Phm HSP

2013 

Dried 
cking 
l and 
0,000 

ream, 
bp 3′ 

dicted 
cture 

tional 
. coli 

ne, 
t box 
90 



www.ccsen

Figure 2. 3

 
3.2 Phylog
The alignm
HSP90 (61
XP_97154
CAI64497
neighbor-j
and DpHS
consisted 
relationshi
 

net.org/jas 

3D structure o

genetic Analys
ment of SpHS
1%-73%), 73%
40.1, Locusta 
7.1, Based on
oining method

SP90 (D. pulex
of vertebrate 
ip with the HS

of SpHSP90 pr

is  
SP90 amino a
% identical wit

migratoria A
n the Blastp 
d to study the
x) as well as m
HSP90, Thisp
P90 of inverte

Journal of A

redicted by SW
(Benk

acids sequence
th Dendrocton

ACS75351.1 an
results, a phy
 evolutionary 

many other inv
phylogenetic tr
ebrate, especial

Agricultural Sci

5 

WISS MODEL 
ert et al., 2011

e by BLASTP
us ponderosae
nd Daphnia p
ylogenetic tre
relationship a

vertebrate HSP
ree revealed th
lly with DpHS

ience

using E. coli H
) 

P showed it sh
e AEE63339.1
pulex EFX712
ee was constr
among them. A
P90 formed on
hat SpHSP90 

SP90. 

 
HSP90 as mod

hared high sim
, 72% with Tr

215.1, 63% w
ructed by ME
As shown in F
ne group, and 
had a much c

Vol. 5, No. 7;

del (1Y4S chai

milarity with 
ribolium castan
with Homo sap
EGA 5.1 with
Figure 3, SpH
another group

closer evolutio

2013 

in A) 

other 
neum 
piens 
h the 
SP90 

p was 
onary 



www.ccsen

Figur
const

3.3 Tissue 
Expression
Sp18S. Th
hepatopan

 

85

43

net.org/jas 

e 3. Phylogene
tructed by the n

co

Distribution o
n profile of Sp
he results show
ncreas, followe

Figure

98

49

56

78

0.05

etic tree of SpH
neighbor-joini
orresponding G

of SpHSP90 
pHSP90 in nin

wed that SpHS
d by heart and

e 4. Tissue dist

100

Journal of A

HSP90 with ot
ing method usi
GenBank acce

ne different ti
P90was expre

d the lowest ex

tribution of Sp

 Scylla para

Da

 Locusta m

A

Tribo

D

100

Agricultural Sci

6 

ther reported H
ing the MEGA

ession numbers
 

issues was inv
essed in all tiss
xpression level 

pHSP90 using 

amamosain JX9

aphnia pulex EF

migratoria ACS7

Drosophila g

Anopheles gamb

Solenopsis 

olium castaneum

Dendroctonus po

100

95

99

100

73

100

56

100

ience

HSP90S from i
A 5.1. SpHSP90
s are shown in 

vestigated usin
sues, in which 

was detected 

Sp18S as the r

Mus muscu

Homo sapie

Sus scrofa Q

Ornithorhync

Gallus gallu

Alligator m

Ctenophary

Danio rerio N

Oreochromis n

Tetraodon nig

987068.1

FX71215.1

Bombyx 

75351.1

grimshawi  XP_0

biae XP_321706

invicta EFZ2072

m XP_971540.1

onderosae AEE

invertebrates a
0 is marked w
the figure 

ng Real-time P
the highest lev
in hemocyte (F

reference gene

ulus AAH10445

ens CAI64497.1

Q29092.3

chus anatinus X

s ACF35012.1

mississippiensi

ngodon idella A

NP_937853.1

niloticus XP_003

groviridis CAG08

mori AFG30048

001990119.1

6.5

20.1

1

E63339.1

Vol. 5, No. 7;

and vertebrates
with a box. The 

PCR normalize
vel was detect
Figure 4). 

 
e 

5.1

1

XP_001507634.2

is BAF94148.1

ADA70351.1

3443932.1

8708.1

8.1

2013 

 
s 

ed to 
ed in 

2



www.ccsen

3.4 The Ex
The expre
infection w
rapidly fro
normal gro
control gro
maximal l
expression
higher tha
recovered 

Figure 5.
real-tim

 
3.5 Protein
Transform
express by
weight of 
consistent 
the theore
recombina

net.org/jas 

xpression Prof
ession level of
was analyzed 
om 2 h to 6 h 
oup. Then, be
oup, the expre
level at 6 h po
n level was up-
an control grou
to the normal 

. Expression pr
me PCR at diffe

n Expression a
med the recom
y IPTG. Purif
recombinant 
with the SDS-

etical molecula
ant protein was

files of SpHSP9
f SpHSP90 in
by qRT-PCR.
post-injection

egan a slow de
ession level of
ost-injection (1
-regulated from
up at 12 h pos
level at 24 h p

rofiles of SpH
ferent time (0, 2

injection 

and Purificatio
mbinant plasm
fied this solub
SpHSP90 was
-PAGE result. 
ar mass of th
s expressed cor

Journal of A

90 in Hemocyt
n the hemocyt
. After S. aure
n, and reached
ecline and retu
f SpHSP90 aft
12 times norm
m 2 h to 12 h p
st-injection, th

post-injection (

SP90 in hemo
2, 6, 12, 24, 48
 with the A: S.

on 
mid pET-30a-S

le protein by 
s 79.08 kDa, 
One band was

he recombinan
rrectly. 

Agricultural Sci

7 

tes after challe
te of S. param
eus challenged

d the peak at 1
urned to norm

fter challenged
mal), afterward
post-injection a
hen the expres
(Figure 5C).

 

cytesafter chal
8 h) post-injec
aureus, B: V.h

SpHSP90 into 
His Bind resi
as showed in 
s displayed in 
nt SpHSP90 (

ience

enge 
mamosain afte
d, the express
12 h, which w

mal level at 24
d with V. harve
ds, decreased g
after WSSV ch
ssion level of 

llenge. The ex
tion. The expr

harveyi, C: WS

Rosseta (DE
in chromatogr
Figure 6A, th

Western blot r
(Figure 6B). T

er pathogenic 
ion level of S
as about 5 tim
h (Figure 5A)
eyi rose sharp
gradually (Fig
hallenged and 
SpHSP90 dec

 
xpression level 
ression level of
SSV 

E3) and was i
raphy. The the
he molecular 
result and the s
This further c

Vol. 5, No. 7;

bacteria or W
SpHSP90 incre
mes higher than
). Compared t

ply and reache
gure 5B). SpH

was almost 16
creased rapidly

was measured
f SpHSP90 aft

induced to pr
eoretical mole
size was gene
size was agree
confirmed tha

2013 

WSSV 
eased 
n the 
o the 
d the 
SP90 
6 fold 
y and 

 

d by 
er 

rotein 
cular 

erally 
with 

at the 



www.ccsen

Figure 6. E
Lane 2 w

with pE
panel B

4. Discuss
In recent y
diseases h
human ma
al., 1995). 
animal rea
and highly
1995). 
In this stud
technique.
polypeptid
HSP90 of 
kinase fun
The BLAS
identity w
Tribolium 
was in the
invertebrat
vertebrates
two isofor
N-terminu
there was 
a site of p
SpHSP90 
The functi
stress pro
organisms 
that the ex
1993; Cler
possessed 

net.org/jas 

Expression and
was total protein
ET-30a-SpHSP
B was recogniz

sion 
years, the freq
ave emerged i

ay partly be re
 Therefore, th

asonably becom
y conservative,

dy, the full-len
 The full-leng

de of 790 amin
f vertebrate or 
nctional domain
STP results re

with other repo
castaneum, L

e invertebrate 
te than with th
s, HSP90 gene
rms is that on

us. Sequence al
no QTQDQ se

phosphorylatio
was much clos
ions and mech
teins involved
 from pathoge

xpression level
rget et al., 199
phagocytosis 

d purification o
n of E.coli wit

P90with induct
zed by the antib

quencies of dis
in marine anim
esponsible for 
e researches o
me critical.Hea
, they play an i

ngth cDNA seq
gth cDNA of 
no acids, this p

invertebrate, 
n and HSP90 f
evealed that S
rted HSP90 se

Locusta migrat
group and th

hose of vertebr
e has two kind
nly HSP90α 
lignment analy
equence at SpH
on by a dsDNA
ser to the verte

hanisms of HSP
d in regulator
en invasion (E
l of stress prot

90; Deitch et al
and bactericid

Journal of A

of the recombi
th pET-30a-SpH
tion and Lane 4
body against H

SpHSP

sease epidemic
mals (Harvell e
all these harm

of immunologi
at shock prote
important role 

quence of HSP
f SpHSP90 wa
polypeptide po
Conserved se

family signatur
SpHSP90 dedu
equence of oth
toria and Dap

his result illust
rate and posse
ds of isoforms
isoform posse
ysis demonstra
HSP90 N-term
A-dependent k
ebrate HSP90β
P90 during pa
ry the cellula

Encomio et al.,
teins could be 
l., 1995). The 
dal activity in 

Agricultural Sci

8 

inant prote in S
HSP90 withou
4 was purified 

His-tag in theW
P90 assampled

 

cs have been r
et al., 1999). A

mful results, ca
cal stressrelate

ein 90can be fo
in the immun

P90 from S. pa
as of 3023 bp
ossessed the sa
equences and c
res (Gupta, 19
uced amino a
her species, 73
phnia pulex. T
trated SpHSP9

essed closer ge
: HSP90α and
ess structure o
ated that SpHS
minus like othe
kinase (Buchn
β isoforms. 
athogenic stimu
ar immune re
, 2004; Mosel
induced by ba
research on Ac
host cells (Ya

ience

SpHSP90, Pan
ut induction, L

recombinant p
Western blot as
d 

reported becom
Affected the im
aused higher su
ed genes and s
ound in all org
e response and

aramamosain 
p, including a
ame structure c
characteristic 

995). 
acids sequence
3% with Dend

The phylogene
90 was more 
enetic relations
d HSP90β. The
of glutamine-r

SP90 shared hi
er HSP90β isof
ner, 1999). Al

ulistill not clea
esponses and 
ey, 2000). In 
acteria or bact
canthamoeba 

an et al., 2004)

 
nel A, Lane 1 w
Lane 3 was tota
protein SpHSP
say using reco

ming much hig
mmunity of an
usceptibility to
strengthen the 
ganisms from b
d disease resist

was first clone
an ORF of 23
characteristics
sequences, lik

e shared 61%
droctonus pond
etic tree displa

identical with
ship with inve
e major differe
rich sequence
igher similarity
forms. This Q
ll these charac

ar. The recent 
played key r
mammals, ma

terial products 
castellanii sug
). In the presen

Vol. 5, No. 7;

was protein ma
al protein of E.
P90. The band 
ombinant prote

gher and more
nimal adversely
o infection (Pi
immune syste
bacteria to hum
tance (Mestril

ed using the R
373 bp encodi
s as other desc
ke histidine pr

-73% amino 
derosae, 72% 

ayed that SpH
h those HSP90
ertebrate HSP9
ence between 
e (QTQDQ) a
y with HSP90β
TQDQ sequen

cteristics show

data indicated
roles in prote
any studies sho

(Kantengwa e
ggested that H
nt, we investig

2013 

arker, 
coli 
in 

ein 

 new 
y and 
pe et 

em of 
mans 
et al., 

RACE 
ing a 
ribed 

rotein 

acids 
with 

SP90 
0s of 

90. In 
these 

at the 
β and 
nce is 

w that 

d that 
cting 
owed 
et al., 
SP90 
gated 



www.ccsenet.org/jas Journal of Agricultural Science Vol. 5, No. 7; 2013 

9 

the expression profiles of SpHSP90 after injection with WSSV or bacteria. SpHSP90 expression levels increased 
after WSSV challenged, indicating that SpHSP90 may take part in immune reaction against WSSV. In addition, 
SpHSP90 expression levels were also up-regulated after the S. aureusor V. harveyi challenge. The higher 
increase of SpHSP90 expression levels was detected in V. harveyi challenged groups, which suggested that V. 
harveyi was probably a stronger inducer for SpHSP90 and alsoillustrated that V. harveyi may be apathogenic 
bacteria in S. paramamosain. (Zhang et al., 2005). According to a previous report, HSP90 was considered as an 
important immune related gene (Triantafilou et al., 2001). Similar to other HSP90s that were detected in many 
tissues, SpHSP90 mRNA was detectedin all the examined tissues (hemocytes, heart, hepatopancreas, gill, 
stomach, intestine, muscle, gonad and connective tissue), and showed the highest level in the hepatopancreas.  
In summary, the cDNA sequence of SpHSP90 was reported for the first time, and the expression profiles of 
SpHSP90 mRNA suggested that SpHSP90 may play an important role in the immune system of S. 
paramamosain. All the data of this research would be beneficial to further clarify the role of SpHSP90 in 
immune defense and the specific mechanism still needs more studies to unscramble. 
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