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A partial genomic characterization and up-regulation 
of HSP90 by imidazole derivative KK-42 in the shrimp 
Penaeus vannumei

[İmidazol türevi KK-42 ile karides Penaeus vannumei’den HSP90’ın kısmi 
genomik karakterizasyonu ve upregülasyonu]*
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ABSTRACT
Aim: HSP90, one of the most important and multifunctional stress proteins in cells, plays 
important role in cell self-protection and environmental adaptability in crustacean. Our pre-
vious study showed that application of imidazole derivative KK-42 can increase survival rate 
of Penaeus vannumei. In an attempt to research the possible molecular mechanism of KK-42 
increasing survival rate in P. vannumei, one HSP90 cDNA sequence from the hepatopancreas 
was first isolated and then its spatiotemporal expressions were analyzed.
Material and Methods: The HSP90 was cloned from the hepatopancreas of P. vannumei 
using the rapid amplification of cDNAends methods and its sequence was analyzed with 
biological software. Expression level was determined by real-time PCR.
Results: The full-length cDNA contains a 2163 bp open reading frame encoding a predicted 
protein of 721 amino acids. The P. vannumei HSP90 protein sequence is most closely related 
to other HSP90 enzymes, the higher mRNA level is detected in hepatopancreas. The hepato-
pancreas HSP90 expression is significantly induced by KK-42 and increases more than 69.1 
%, even up to 505.5 % and 481.7 % on day 2 and day 3, respectively. 
Conclusion: The up-regulation of HSP90 expression induced by KK-42 is beneficial to imp-
rove adaptability that is likely one of the molecular mechanisms of KK-42 increasing survival 
rate in P. vannumei. 
Key Words: HSP90, Up-regulation, KK-42, Penaeus vannumei
Conflict of Interest: There is no conflict of interest in respect to this manuscript.

ÖZET 
Amaç: Hücrelerdeki en önemli ve çok fonksiyonlu stres proteinlerinden biri olan HSP90, 
kabuklularda hücrenin kendini korumasında ve çevreye adaptasyonda önemli bir rol oyna-
maktadır.
Daha önceki çalışmamız, imidazole türevi KK-42 uyulamasının Penaeus vannumei’nin ha-
yatta kalma oranını arttırdığını göstermiştir. KK-42’nin P. vannumei’nin hayatta kalma ora-
nını arttırmasının olası moleküler mekanizmasını araştırmak amacıyla, hepatopankreastan 
bir HSP90 cDNA sekansı izole edilmiş ve spatiotemporal ekspresyonları analiz edilmiştir. 
Gereç ve Yöntem: HSP90, cDNAend yöntemlerinin hızlı amplifikasyonunu kullanarak P. 
vannumei’nin hepatopankreasından klonlanmış ve sekansı biyolojik yazılımla analiz edil-
miştir. Ekspresyon seviyesi real-time PCR ile belirlenmiştir. 
Bulgular: Tam uzunluktaki cDNA,721 aminoasitten oluştuğu tahmin edilen bir protein kod-
layan 2163 bç’lik bir açık çerçeve içerir. P. vannumei HSP90 protein sekansı digger HSP90 
enzimleriyle yakından ilişkilidir; hepatopankreasta yüksek mRNA seviyesi tespit edilmiş-
tir. Hepatopankreas HSP90 ekspresyonu KK-42 ile belirgin biçimde indüklenmiştir ve % 
69.1’den fazla ve hatta 2. gün ve 3. günlerde sırasıyla % 505.5 ve % 481.7 artmıştır. 
Tartışma: KK-42 ile HSP90 ekspresyonunun upregülasyonu uyumluluğu arttırmak için ge-
reklidir ki bu P. vannumei’de KK-42’nin hayatta kalma oranını arttıran moleküler mekaniz-
malardan biridir. 
Anahtar Kelimeler: HSP90, Upregülasyon, KK-42, Penaeus vannumei
Çıkar Çatışması: Yazarlar arasında çıkar çatışması bulunmamaktadır.
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Heat shock proteins (HSPs) are ubiquitously found in all 
organisms, and essential for the molecular defense ma-
chinery against environmental stress, pathogen infec-
tion and oxidative stress [1, 2]. HSPs can be grouped into 
several families according to their molecular weights [3, 
4]. HSP90 is one of the most important and multifunc-
tional stress proteins in cells that play an important role 
in cell self-protection and environmental adaptability in 
crustacean. In Penaeus monodon, HSP90 is involved in 
immunity response against Vibrio harveyi [5]. Up-regu-
lation of HSP90 expression from the crab Portunus tritu-
berculatus results in increase of adaptability coped with 
temperature，Cu2+ stress and salinity [6, 7]. Thus, a bet-
ter understanding of the relationship between tolerance 
mechanisms against environmental stress and HSP90 
expression may give rise to the possibility of more ef-
ficient control of mortality [6,7]. Up to the present, only 
little gene information regarding HSP90s has been ob-
tained, including the marine crab P. trituberculatus [8], 
the prawns Metapenaeus ensis [9] and P. monodon [10].
The white shrimp Penaeus vannumei, an important eco-
nomical species, is extensively reared in many countries. 
Our previous study showed that application of imidazole 
derivative KK-42 can in crease survival rate of P. van-
numei (0.8~1.2 cm long), but the mechanism remains un-
clear [11, 12]. In the present study, a full-length HSP90 
cDNA was first isolated from hepatopancreas of P. van-
numei and its expression was analyzed at different time 
after KK-42 treatment compared the control group with 
treated one using real-time PCR.

Animals and experimental design
KK-42 (purity ≥ 95%) was supplied from Department of 
Chemistry, Yantai University. Shrimps farming (P. van-
numei) were carried out in a 3500 m2 pond. When their 
body length reached 3.5~5.0 cm, 200 shrimps were ran-
domly collected from the pond as control group and KK-
42-treated one, respectively. The shrimps were treated 
as previously described [11, 12] with KK-42 at a con-
centration of 1.95×10-4 mol/L or in the solution without 
KK-42, and then grew in the normal way (water temper-
ature 20~33°C, feeding four times per day). The control 
and KK-42-treated shrimps were respectively put in two 
nets (100 m2 per net), which were commonly located in 
the pond mentioned above. On different day after KK-
42 treatment, 9 samples were randomly collected / each 
time point / each group, hepatopancreas and other tis-
sues were dissected, immediately frozen in liquid nitro-
gen, and then stored at -80°C until use.

Total RNA isolation and synthesis of the cDNA 
first strand
Total RNA was extracted from the hepatopancreas, 
brain, muscle and eyestalk tissues using TRIzol (Invi-
trogen Life Technologies, USA) according to the manu-
facturer’s protocol. The quality of RNA was monitored 
by 1.2 % agarose gel electrophoresis. The contaminated 

genomic DNA was removed by DNase I. The first-strand 
cDNA was synthesized by reverse transcription in a buf-
fer containing 1 μg of total RNA, 2 μl oligo-dT18 primer, 
0.5 μl RNase inhibitor, 2.5 μl dNTP mix and 1 unit of 
RTase M-MLV reverse transcriptase (Takara, Japan). 
The cDNA was used as the template for PCR reaction. 

Gene cloning and sequencing
The HSP90 cDNA fragment was amplified using two 
degenerate primers HSP90 -F1 and HSP90 -R1 (Table 1), 
which was designed according the conserved domain of 
HSP90 sequences. The PCR product was subcloned into 
the pMDT-19 (Takara, Japan) and sequenced from both 
directions (Invitrogen Life Technologies, USA).
BLASTx (NCBI) search identified the partial sequence 
with high homology to other HSP90. Highly stringent 
primers designed from the partial cDNA sequences 
were used to characterize the 5′ and 3′ regions of the 
HSP90 cDNAs by RACE-PCR (Takara, Japan) accord-
ing to the manufacturer’s protocol. 5′ Raceouter primer 
and HSP90 5-1 (Table 1) were used for the first-round 
PCR of 5’ RACE, 3′ Raceouter primer and HSP90 3-1 
(Table 1) for the first-round PCR of 3’ RACE, respec-
tively. Subsequently, the first-round PCR products were 
used as the template to perform the nested PCR using 
Raceinner primers（5’iner, 3’iner) included in the kit, 
and gene specific primers HSP905-2, HSP903-2 (Ta-
ble 1). The 5′ RACE and 3′ RACE PCR products were 
cloned and five clones were sequenced using the method 
described above.

 Oligonucleotide primers used in the experiments

Primer Sequence (5′–3′)

HSP90-F1
HSP90-R2
HSP903-1
HSP903-2
HSP905-1
HSP905-2
HSP90-F1
HSP90-R2

β-F 
β-R

CATYAACACRTTCTAWAGAYACA
TRCTYCTGCTNGCYGTRCTC
CTGAACAAGACGAAGCCTG
CGTGAAGCACTT CAGCGTG

TACGGCGAGTTCTACAAGTCG
CTTCTCCTTGTCGGCGTCTTC
CAAGAACAACGACGACGAGC
GCACGACGTCGAAGAACTAG

CATCCACGAGACCACCTACAAC
GAAATACTGCCTCGCTCCCTC

Multiple sequence alignment and phylogenet-
ic analyses
The search for nucleotide and amino acid sequence 
similarities was conducted with BLAST programs at the 
National Center for Biotechnology Information. HSP90 
deduced amino acid sequence was aligned with HSP90 
from other known species using the software Meg Align 
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(DNASTAR, USA). A phylogenetic tree was constructed 
using the software MEGA 4.0 (USA) based on the ami-
no acid sequences of HSP90 and other known HSP90.

Expression study
The spatial expressions of the HSP90 were conducted 
by Semi-quantitative RT-PCR and the temporal expres-
sions of were performed with real-time quantitative PCR 
following the manufacture instruction for SYBR Premix 
Ex TaqTM (TaKaRa, Japan). The PCR primers HSP90-
F2 and HSP90-R2 (Table 1), and the internal standard 
β-actin primers β-F and β-R (Table 1) were designed 
based on reported sequences of the shrimp (P. vannu-
mei) (GenBank accession No. HQ008268，AY486466). 
The real-time PCR was performed using an ABI 7500 
Real-Time Detection System (Applied Biosystems) un-
der the following conditions: initial denaturation at 95 
℃ for 30 sec and amplifying for 40 cycles (9°C, 5 sec; 
60°C, 34 sec). Based on standard curve constructed, the 
expression level of CYP was calculated by 2-△△CT, and the 
data obtained were subjected to the statistical analysis 
followed by an unpaired sample t-test. Significant differ-
ence was accepted at P＜0.05. 

Identification and analysis of HSP90 cDNA
A full-length cDNA of 2543 bp, encoding one of HSP90, 
was obtained from the hepatopancreas of the shrimp P. 
vannumei. The HSP90 cDNA had a 2163 bp open reading 
frame encoding a predicted protein of 721 amino acids 
with a predicted molecular mass of 82.8 kDa (Fig. 1). A 
105 bp untranslated region was preceding the open read-
ing frame, which was followed by a 275 bp untranslated 
3′ region, containing a polyadenylation signal closely 
followed by a poly (A) tail. Furthermore, the HSP90 
protein shared common characteristics of the HSP90 
protein family: NKEIFLRELISN[S/A]SDALDKIR, 
LGTIA[K/R]SGT, IGQFGVGFYSA[Y/F]LVA[E/D], 
IKLYVRRVFI, GVVDS[E/D]DLPLN[I/V]SRE and the 
consensus sequence MEEVD at the C-terminus (Fig. 1). 
The ATP binding domain as well as the major structural 
and functional domains typically in HSP90 was detect-
ed in the deduced HSP90 amino acid sequences.

Phylogenetic analysis of the HSP90
A comparison of PsHSP90 amino acid sequence with 
those of other HSP90 protein indicated that it was most 
close to various crustaceans HSP90, especially from 
shrimp (Fig. 2), and then insect HSP90, while the simi-
larity with vertebrate HSP90 was lower.

The spatial and temporal expression of the 
HSP90 in P. schmitti
In order to detect HSP90 expression in four tissues 
(hepatopancreas, muscle, eyestalk and brain), a semi-
quantitative RT-PCR experiment was used. The results 
showed that the higher HSP90 mRNA level was detect-
ed in the hepatopancreas, then in brain and muscle, is 
lower in eyestalk (Fig. 3).

In control, the HSP90 transcript in hepatopancreas 
showed an obvious fluctuation during experiment ob-
served, and the expression level reduced 53.3 %, 71.5 % 
and 56.5 % on day 1, day 3 and day 4 compared with that 
of day 0, respectively (Fig. 4). In comparison to the con-
trol group, treatment of KK-42 at the dose of 1.95×10-4 

mol/L resulted in the significant up-regulation of HSP90 
expression during the whole test. The mRNA level in 
hepatopancreas administrated by KK-42 increase to > 
69.1 %, even to 505.5 % and 481.7 % on day 2 and day 
3, respectively, compared to that in control group at the 
same time (Fig. 4). In the KK-42 treatment group, the 
expression of HSP90 increased 4.34 times from day 0 
to day 2, then decrease 58.7 % at end of the experiment.
HSP90 is highly conserved molecular chaperones that 
contribute to the folding, maintenance of structural in-
tegrity and proper regulation of a subset of cytosolic 
proteins [13-15]. Analysis of the deduced amino acid 
sequence of P. vannumei HSP90 shows that it shares 
the characteristic motifs of HSP90 family. Five highly 
conserved motifs have been previously regarded as the 
HSP90 protein family signature, and they were also 
found in the HSP90 (Fig. 1). In addition, the presence of 
sequence MEEVD on its C-terminus (Fig. 1), the HSP90 
is concluded to be a cytosolic HSP90 homolog, similar 
to HSP90 proteins in other species [16]. In order to per-
fectly dissect different tissues, the shrimps with body 
length 3.5~5.0 cm are selected for sampling. The HSP90 
transcript is detected in four tissues, but relative higher 
in hepatopancreas which is a major organ for the diges-
tion, absorption and secretory of compounds in crusta-
ceans and also sensitive to environmental changes [17]. 
In insect, KK-42 is mostly used as a JH antagonist to 
regulate growth [18-20]. But, the knowledge of its func-
tions in crustacean is poor. We first found that KK-42 
can increase shrimp (P. vannumei) survival rate [10, 11]. 
The present study further demonstrates that the HSP90 
expression is obviously induced by KK-42 in hepato-
pancreas of the shrimp P. vannumei (Fig. 4), suggest-
ing the up-regulation of HSP90 expression derived from 
KK-42 treatment is potentially contributes to improve 
adaptability that is likely one of factors for shrimp sur-
vival. It has reported that stimulation of HSP90 expres-
sion associates with evaluating adaptability against the 
environmental stress and protecting cells from damage 
[17]. It is worth our attention that the HSP90 transcript is 
sharply induced by KK-42 treatment occurred on day 2 
(Fig. 4), postulating hepatopancreas HSP90 is likely in-
volved in other cell components such as protein kinases 
in signal transduction pathways, transcriptional factors 
and hormone receptors, except as molecular chaperone 
in protein folding. The relational studies of HSP90 have 
been reported in different field [21-24]. Of course, many 
factors are involved in affecting the shrimp survival, so 
great efforts will be required before fully elucidating the 
KK-42 increase-survival mechanism on P. vannumei. 
One interesting finding is that the expression of HSP90 
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1        GAAAACCAAGGGAAACACGTTCGAGACGCTGCGTACAAGCGTCACACATTCCAGAGCCAACAACGCCTTTTCTTGTGTCAATCCACTCTTAAAACACATTCCAAA    

106      ATGGTCGAGGAGACGATGAGCGAGGAGGTGGAGACCTTCGCGTTCCAGGCTGAGATCGCTCAGCTGATGTCCCTGATCATCAACACCTTCTACAGCAACAAGGAG     

1         M  V  E  E  T  M  S  E  E  V  E  T  F  A  F  Q  A  E  I  A  Q  L  M  S  L  I  I  N  T  F  Y  S  N  K  E 

211      ATCTTCCTGCGAGAGCTGATCTCGAACTCGTCCGACGCCCTCGACAAGATCCGCTACGAGTCCCTGACGGATCCTTCCAAGATCGAGAGCGGGAAGGACCTCTTC 

36        I  F  L  R  E  L  I  S  N  S  S  D  A  L  D  K  I  R  Y  E  S  L  T  D  P  S  K  I  E  S  G  K  D  L  F 

316      ATCAAGCTGGTGCCCAACAAGGATGACAGGACGCTCACCACCATCGACAGCGGCATCGGCATGACCAAGGCCGACCTGGTCAACAACCTTGGCACCATCGCCAAG 

71        I  K  L  V  P  N  K  D  D  R  T  L  T  T  I  D  S  G  I  G  M  T  K  A  D  L  V  N  N  L  G  T  I  A  K 

421      TCGGGCACCAAGGCCTTCATGGAGGCGCTGCAGGCTGGCGCCGACATCTCGATGATCGGTCAGTTCGGCGTGGGCTTCTACTCCGCCTACCTGGTCGCCGACAAG 

106       S  G  T  K  A  F  M  E  A  L  Q  A  G  A  D  I  S  M  I  G  Q  F  G  V  G  F  Y  S  A  Y  L  V  A  D  K 

526      GTGACGGTCGTGTCCAAGAACAACGACGACGAGCAGTACATCTGGGAGTCTTCTGCTGGAGGCTCTTTCACCGTGCGCCACGACACTGGCGAACCCATCGGCCGC 

141       V  T  V  V  S  K  N  N  D  D  E  Q  Y  I  W  E  S  S  A  G  G  S  F  T  V  R  H  D  T  G  E  P  I  G  R 

631      GGCACCAAGATCACCCTCCACCTGAAGGAGGACCAGACCGAGTACCTGGAGGAACGACGCGTGAAGGAGATCGTGAAGAAGCACTCTCAGTTCATTGGCTATCCC 

176       G  T  K  I  T  L  H  L  K  E  D  Q  T  E  Y  L  E  E  R  R  V  K  E  I  V  K  K  H  S  Q  F  I  G  Y  P    

736      ATCAAGCTCCTCGTCGAGAAGGAAAGGGACAAGGAAGTGTCTGACGATGAGGAAGAGGAGAAAGAAGAGAAGGAAGAGGAAGCAGAGGAGGACAAGCCCAAAATC 

211       I  K  L  L  V  E  K  E  R  D  K  E  V  S  D  D  E  E  E  E  K  E  E  K  E  E  E  A  E  E  D  K  P  K  I       

841      GAAGATGTAGGCGAGGACGAAGACGCCGACAAGGAGAAGGGCGATGACAAGAAGAAAAAGAAGACCGTGAAGGAGAAGTACACGGAGGACGAGGAGCTGAACAAG 

246       E  D  V  G  E  D  E  D  A  D  K  E  K  G  D  D  K  K  K  K  K  T  V  K  E  K  Y  T  E  D  E  E  L  N  K        

946      ACGAAGCCCCTGTGGACGCGCAACCCCGACGACATCTCGAAGGAGGAGTACGGCGAGTTCTACAAGTCGTTGACCAACGACTGGGAGGACCACCTGGCCGTGAAG 

281       T  K  P  L  W  T  R  N  P  D  D  I  S  K  E  E  Y  G  E  F  Y  K  S  L  T  N  D  W  E  D  H  L  A  V  K  

1051     CACTTCAGCGTGGAGGGGCAGCTGGAGTTCCGCGCCCTGCTTTTCCTGCCGCGCCGCGCCCCCTTCGACCTGTTCGAGAACCGCAAGCAGAAGAACAAGATCAAG 

326       H  F  S  V  E  G  Q  L  E  F  R  A  L  L  F  L  P  R  R  A  P  F  D  L  F  E  N  R  K  Q  K  N  K  I  K   

1156     CTGTACGTGCGTCGCGTGTTCATCATGGAGAACTGCGAGGAACTGATCCCCGAGTACCTGAACTTCATCAACGGCGTGGTTGACTCTGAAGATCTGCCCCTGAAC 

361       L  Y  V  R  R  V  F  I  M  E  N  C  E  E  L  I  P  E  Y  L  N  F  I  N  G  V  V  D  S  E  D  L  P  L  N      

1261     ACTTCCCGAGAAATGTTGCAACAGAACAAGATCCTGAAGGTTATCAGGAAGAATCTCGTAAAGAAGACCCTTGAACTCTTCGAGGAAATCGTTGACGATAAGGAA 

396       T  S  R  E  M  L  Q  Q  N  K  I  L  K  V  I  R  K  N  L  V  K  K  T  L  E  L  F  E  E  I  V  D  D  K  E      

1366     AGCTACAAGAAGTTCTACGAGAACTTCTCCAAGAACCTCAAACTTGGAATCCACGAAGATTCCACCAACAGGAAGAAGCTCGCCGAATTCCTGAGGTACCACACT 

431       S  Y  K  K  F  Y  E  N  F  S  K  N  L  K  L  G  I  H  E  D  S  T  N  R  K  K  L  A  E  F  L  R  Y  H  T       

1471     TCTGCCTCTGGCGACGAGATGTCCTCCCTCAAGGAGTACGTGTCCCGCACGAAGGAGAACCAGAAGCACATCTACTTCATCACCGGCGAGACCCGCGAACAGGTG 

466       S  A  S  G  D  E  M  S  S  L  K  E  Y  V  S  R  T  K  E  N  Q  K  H  I  Y  F  I  T  G  E  T  R  E  Q  V       

1576     CAGAACTCTGCTTTCGTTGAGAGGGTTAAGAAGCGCGGCTTCGAGGTCATCTACATGACCGAACCCATCGACGAATACTGCGTTCAGCAGCTGAAGGAATATGAT 

501       Q  N  S  A  F  V  E  R  V  K  K  R  G  F  E  V  I  Y  M  T  E  P  I  D  E  Y  C  V  Q  Q  L  K  E  Y  D       

1681     GGAAAGCAGCTCGTGTCCGTGACGAAGGAAGGGCTGGAACTGCCCGAGGACGAGGAAGAGAAAAAGAAGTACGAAGAACAGAAGACCAAGTTTGAGAACCTGTGC 

536       G  K  Q  L  V  S  V  T  K  E  G  L  E  L  P  E  D  E  E  E  K  K  K  Y  E  E  Q  K  T  K  F  E  N  L  C   

1786     AAGGTAATGAAGGACATCTTGGACAAGTGCGTGGAGAAGGTAGTGGTGAGCAACCGCCTGGTGACCTCCCCCTGCTGCATCGTGACCTCCCAGTACGGGTGGACC 

571       K  V  M  K  D  I  L  D  K  C  V  E  K  V  V  V  S  N  R  L  V  T  S  P  C  C  I  V  T  S  Q  Y  G  W  T  

1891     GCCAACATGGAGCGCATCATGAAGGCGCAGGCGCTGAGAGACACGTCGACCATGGGCTACATGGCCGCCAAGAAGCACCTGGAGATCAACCCCGACCACAGCATC 

606       A  N  M  E  R  I  M  K  A  Q  A  L  R  D  T  S  T  M  G  Y  M  A  A  K  K  H  L  E  I  N  P  D  H  S  I  

1996     ATCGAAACCCTAAGACAGAAGGCTGATGCTGACAAGAACGACAAATCTGTGAAGGATCTTGTGATGCTTCTTTTCGAGAGCTCCCTTCTGTCGTCCGGATTCAGC 

631       I  E  T  L  R  Q  K  A  D  A  D  K  N  D  K  S  V  K  D  L  V  M  L  L  F  E  S  S  L  L  S  S  G  F  S 

2101     CTCGAGGACCCAGGTGTCCACGCCAGCCGCATTTACAGAATGATCAAGCTTGGCCTGGGTATTGACGAGGAGGATGCCCCTATGGAGGAGGCCGAGACCTTGGAG 

666       L  E  D  P  G  V  H  A  S  R  I  Y  R  M  I  K  L  G  L  G  I  D  E  E  D  A  P  M  E  E  A  E  T  L  E 

2206     GAGGACATGCCACCACTCGAGGGCGACGACGAGGATGCCTCTCGCATGGAAGAAGTCGATTAAAATATTCGCCATACCGTAATCTTCACCCATTATATACCAAAG 

701       E  D  M  P  P  L  E  G  D  D  E  D  A  S  R  M  E  E  V  D  *   

2311     TTAATCATTGTCATTCATAAGGGAACCAAAATTCTTGTCCAATGTTGGTACAGATTTTGGCATCTCAAGCTTTTCATCATTCCAATCACGCCCAACATTCCATAA 

2416     GGTTTAAAAAAGCATTAGTTTTAGTTATAGACAAAGATATATTCTGTTATAAGAATTTCTTTCGTTTATGCAAATAATTTGTAACAAATTTGTTACAATAAAACT 

2521     GAAGACCATCGAAAAAAAAAAAA 

Figure 1. Nucleotide and deduced amino acid sequences of PsHSP90 from P. vannumei. Heat shock protein 90 family signature motifs are 
highlighted as shaded regions. The ATPase domain of PsHSP90 is underlined. The putative polyadenylation signal sequence is underlined with 
a dotted line. The stop codon is indicated by *.
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Figure 2. Phylogenetic Neighbor-Joining tree of 15 representative full-length HSP protein sequences from vertebrates, insects and crustaceans. 
The P. vannumei HSP90 sequence was underlined, bootstrap percentages from maximum parsimony (MP, 1000 replicates) analyses. 

Figure 3. The analysis of HSP90 distribution in different tissues. *P＜0.05, **P＜0.01 vs control group at hepatopancreas result.



Turk J Biochem, 2014; 39 (2) ; 155–161 Xia et al.160

shows an obvious fluctuation in the control group from 
day 0 to day 4, which is likely related to the environ-
mental conditions. The animals are cultured in the out-
door in the experiment. Temperature, dissolved oxygen 
in water body and food intake may impact the shrimp 
growth. HSP90, that might be considered a key element 
to adapt the environment, should be susceptible to these 
changes which could be helpful to enhance the animal’s 
adaptability. 
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