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Abstract
The cDNA of Crassostrea gigas HSP70 was cloned and rapid amplification of cDNA (RACE) techniques
were used. The full length of HSP70 cDNA was 2045 bp, consisting of a 5’ terminal untranslated region (UTR)
of 80 bp, a 3’ terminal UTR 146 bp, and an open reading frame (ORF) of 1829 bp encoding deduced 620 amino
acids. The HSP70 cDNA contained HSP70 family signatures, ATP-GTP binding site motif, tetrapeptide
(GGMP) and conserved carboxyl terminal region (EEVD) at C-terminal of deduced amino acid sequence.
BLAST analysis revealed that the HSP70 gene has an extreme similarity of 98.9% with C. gigas (AF144646).
Northern blotting was used to examine the expression of HSP70 mRNA in the gill tissue of the oyster obtained
from surface, middle and bottom layers. The HSP70 mRNA observed the samples taken from middle and
bottom layers in September and February, but samples from the surface layer did not find a signal intensity of
HSP70 mRNA transcript. Consequently, it seems that the oyster occurring middle and bottom layer have
been stressed during the period of summer and winter, which is associated with the massive mortality in
Gamak bay.
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Introduction
Bivalve molluscs such as oysters play an important ecological
role in the aquatic system. They filter and ingest suspended particulate
matter (e.g. algae and sediment particles) from the water via filter
feeding. Oysters are sessile filter feeders incapable of moving to
avoid unfavorable conditions in their immediate environment (Landrium
et al., 1991). Crassostrea gigas Thunberg in Korea has been
prevalent along the western and southern coasts (Park and Kim,
1995) and long regarded as the only species cultured in the Korean
oyster industry (Yoo, 2000). In recent years, the production of oysters
in the South Sea has considerably decreased. Kim et al. (1997)
have suggested that adult overexploitation, unstable seed production,
disease and deteriorated water quality could be important factors to
decline the production of the oyster, but at present unsolved problems

to develop a mass and persistent production of seeds in the oyster.
To solve this problem, we previously studied the population genetic
structure of the oyster in Gamak bay based on a sequencing of mt
COI gene and found a homogenous genetic structure (Cho and
Jeong, 2008).
Heat shock proteins (HSPs’) were originally identified by
their elevated expression after a heat shock (Sanders et al., 1991).
They fall into five major family groupings based on protein size (e.g.
HSP100, HSP90, HSP70, HSP60 and HSP27). Stress proteins,
as now they are often called instead of HSPs, have been proposed
as sensitive indicators of sub-lethal exposure to contaminants in the
environment (Sanders, 1993). Stress proteins are synthesized at
higher levels when cells are exposed to certain environmental
stimuli such as higher temperature and toxic chemicals. In particular,
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HSP70 is preferentially expressed over other HSPs and greatly
induced by heat shock and is highly conserved in organisms from
bacteria to human (Schlesinger et al., 1982). It is understood that
HSP70 accounts for much of the genetic translational activity. Some
researchers have reported to molecular expressions of HSP70 in
oysters (Clegg et al., 1998), blue mussels (Sanders, 1993) and
echinoderms (Stegeman et al., 1992).
To our knowledge no study has been conducted to test the
effects of environmental impacts on the HSP70 response in C. gigas
in Korea. The present study was carried out to study whether
exposure of C. gigas to various environmental parameters would
induce a HSP70 response.
Materials and Methods
Oyster: A total of 60 specimens of oyster, C. gigas used in this study
were obtained from Gamak bay (34o41’21’’, 127o41’18’’, average
depth 15 m) on the southern coastal water of Korea (Cho and
Jeong, 2007). Five individual C. gigas was sampled from each
layers i.e., the surface (0 m), the middle (5 m) and the bottom (10 m)
in a hanging culture line in each September, November, December
and February were collected. Samples were frozen at -70°C until
further analysis.
RNA extraction: Total RNA was extracted from the gill tissue of C.
gigas using a Trizol Reagent protocol (Invitrogen Life Technologies),
and pellets were re-suspended in 25 µl of sterile water and kept at
-80°C until further use. Isolation of mRNA was carried out using
PolyAT Tract Isolation System (Promega) according to the
manufacturer’s instructions. Purified mRNA was stored at -80°C
until cDNA synthesis. cDNA synthesis was performed by reverse
transcription (RT) of the total RNA with random hexaprimers
(Bioneer) using AccuPower RT/PCR Premix kit (Bioneer)
according to the manufacturer’s instructions. cDNAs were purified
through mini Quick Spin Column (Roche) and kept in 20°C until
required.
Rapid amplification of complementary DNA (RACE): Using 5
µl of total RNA as the template, 5’-RACE-ready cDNA and 3’RACE-ready cDNA were produced using the protocols and
reagents provided in the CapFishing Full-length cDNA Premix kit
(Seegene). For 3’-RACE, the 50 µl PCR reaction mixture contained
5 µl of 3’-RACE-ready cDNA, 1µl of 10 µM 3’-target primer (5’CTGTGAATGCTGCGACTACGAT-3’), 1 µl of 10 µM 3’-RACE
gene-specific primer (5’-GGTGGTGAAGACTTTGACAACAG-3’),
and 25 µl of SeeAmp Taq Plus Master Mix (Seegene). Genespecific primers were designed from oyster (GenBank accession
no. ABI22063) and mussel (GenBank accession no. AF172607).
The PCR profile consisted of 1 min denaturation at 95 °C, 40 s
annealing at 60°C, and 4 min extension at 72 °C for 35 cycles. The
PCR product was cloned according to a One ShotÒ Machi 1Ô-T1Ò
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cloning kit (Invitrogen), in the plasmid pUC 18 (Roche). Plasmid
was extracted and purified with Plasmid Mini Column (NucleoGen)
and sequenced by ABI Prism 3730XL Sequencer (Applied
Biosystem, USA). For 5’-RACE, the 50 µl PCR reaction mixture
contained 5’-RACE-ready cDNA, 5-gene-specific primer (5’CTAGTTTGGCATCACGTAGAGC-3’), 5’ target primer (5’CTGTGAATGCTGCGACTACGAT-3’), and SeeAmp Taq Plus
Master Mix, as for 3’-RACE, under the same PCR conditions. The
PCR product was amplified, cloned and sequenced as by the same
method for 3’-RACE.
Expression, similarity and phylogeny: Northern blotting was
carried out with the DIG Northern Starter Kit (Roche). A 20 mg of
RNA isolated was electrophoresed in a 1% denaturing agarose gel
containing 0.6% of formaldehyde and using 1 ´ Mops buffer as the
running buffer. The RNA was blotted and transferred to nitrocellulose
paper (Bio-Rad). After overnight hybridization at 42 °C, the blot
was washed with 2 ´ SSC, 0.1% SDS for 5 min twice at room
temperature and then with 0.5 ´ SSC, 0.1% SDS for 15 min twice at
65 °C. After the membrane was submerged into the detection buffer
with CDP-Star substrante, the chemiluminescent signals from
membranes were detected. A control 28S gene was also used to
indicate the quality of the blot and integrity of the RNAs isolated. The
similarity analysis of the nucleotide and protein sequence was carried
out by using BLAST program at NCBI (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). Multiple alignments of the HSP70 sequences were
performed with the Multiple Alignment program (http://
align.genome.jp/sit-bin/clastal W). The motif sequences were
searched using Inter-Pro software.
Phylogenetic relationship: A list of known HSP70 family
sequences was obtained from GenBank database and aligned
using CLUSTAL W (Thomson et al., 1994). Phylogenetic trees
were generated using PRODIST with the Jones-Taylor-Thornton
matrix model and NEIGHBOR with the neighbor-joining method
(Saitou and Nei, 1987) in the PHYLIP (phylogeny inference
package) programs ver. 3.5c. We generated 1,000 bootstrapped
replicate re-sampling data sets with SEQBOOT. We followed the
standard protocol for the default settings of the computer programs
used in this procedure.
Results and Discussion
The full length of oyster HSP70 cDNA in the gill tissue from C.
gigas was 2045 bp, with a single open reading frame (ORF) of 1829
bp that encodes a protein of 620 amino acids (Fig. 1). HSP70 cDNA
includes a 5’ untranslated region (UTR) located 80 bp upstream of
putative start codon (ATG) and a 3’ UTR of 146 nucleotides. The
sequence lacks a polyadenylation signal sequence (AATAAA). The
deduced amino acid of HSP70 cDNA includes three HSP70 family
signatures, viz. signature 1 (IDLGTTYS), signature 2
(IFDLGGGTFDVSIL) and signature 3 (IVLVGGSTRIPKIQ).
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Fig. 1: Nucleotide sequence of HSP70 cDNA obtained from C. gigas gill tissue and predicted 620 amino acid sequences. Start codon represents the letter
of M and stop condon indicates the letter of X. The characteristic motifs of the HSP70 are shown in the arrowhead: Signature 1 locates at position 11-18,
signature 2 locates at position 203-216, and signature 3 locates at position 340-353. ATP-GTP binding site locates at position 133-140

0The putative ATP-GTP binding site motif (AEAYLGKT) was located
at position 133-140. The consecutive repeats of the tetrapeptide
motif GGMP was present in the C-terminal of the deduced amino
acid sequence. In addition, highly conserved, the HSP70 carboxyl
terminal region of EEVD was included at positions 667-670. The
multiple alignment analysis shows that it was nearly identical with six
amino acids differences at the positions 65, 98, 366, 372, 473 and
565 (Fig. 2) between the present HSP70 and HSP70 from C. gigas
(AF144646). The three characteristics HSP70 motif were found in
the same locations among all the Molluscan sequences, except for
C. virginica in which two of three motifs were not conserved. Also,
the tetrapeptide repeat sequence was not found in Mytilus
galloprovincialis and C. virginica. The conserved region of EEVD
was also not presented in C. virginica.
The variations in sequences in the C-terminal region have
functional consequences in proteins, as it drastically modifies the
position of the helical sub-domain that appears to function for access
to the binding site, and finally may determine the functional specificity
of individual HSP70 (Fuertes et al., 2004). The function of the
GGMP repeats at the C-terminus may also form a structural entity
together with the helical sub-domain and the EEVD motif to mediate
chaperone cofactors binding (Demand et al., 1998). In C. gigas
and Ostrea edulis, both HSP70 and heat shock congnate70
(HSC70) contained two repeats of GGMP tetrapeptide (Boutet et
Journal of Environmental Biology  May 2012

al., 2003). Based on the amino acid sequence comparison, the
presence of the cytosolic HSP70 motif EEVD and GGMP at the Cterminus should be observed (Piano et al., 2005). In this study,
comparison of the HSP70 cDNA sequences we obtained with
sequences available in databank confirmed its belonging to HSP70
family. The coding region of C. gigas HSP70 was highly conserved
with the two characteristic sequences at the same position (e.g. C.
gigas AF144646 and O. edulis). A difference was not confirmed and
illustrated in the phylogenetic tree: The phylogenetic position of C.
gigas was more closely related to C. gigas AF144646 and O.
edulis than to C. virginica and M. galloprovincialsis (Fig. 3). It is
certainly understood that the deduced amino acid sequence of the
present HSP70 cDNA does not lack the GGMP tetrapeptide repeats
and EEVD which are in agreement with previous studies (Bouter et
al., 2003; Piano et al., 2005) and its sequence does not distribute in
two clearly separated clusters, indicating segregation into
homogeneous clusters.
The predicted amino acid sequence of the present HSP70
gene has a similarity of 98.9% with C. gigas (AF144646), 69.7%
with M. galloprovincialis, 71.4% with C. virginica and 97.3% with
O. edulis. In the analysis of the phylogenetic relationship, HSP70
amino acid sequences are distributed in two clearly separated
clusters (Fig. 3). The present HSP70 sequence from C. gigas is
associated with C. gigas (AF144646), O. edulis and C. ariakensis,
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Fig. 2: Mutiple alignment of the deduced amino acid sequences of HSP70 with other species. HSP70 signature sequences are represented by the letters
S1, S2 and S3. The consensus sequence EEVD at the C-terminal is represented by the letter C; ATP-GTP binding site motif is represented by the letter
A. Tetrapeptide motif is represented by the letter T. The GenBank accession numbers of the HSP70s are as follows: Cg1, Crassostrea gigas AF144646;
Oe, Ostrea edulis AF318883; Cg, C. gigas used in this study; Mg, Mytilus galloprovincialis AB180909; Cv, C. virginica AJ271444
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Fig. 3: Phylogenetic relationship between the HSP70 amino acid sequence
here for C. gigas (bold letter) and those of other relative shellfish. The tree
was constructed by PHYLIP software using the neighbor-joining method,
following CLUSTAL W. Numbers at each branch indicates the percentage
of times a node was supported in 1,000 bootstrap replication by neighborjoining. Scale bar means amino acid substitution per position in the sequence.
Biomphalaria glabrata AF025477 is treated as out-group. GenBank
accession numbers are for shellfish: C. ariakensis, AY172024; Ostrea
edulis, AF318883; C. gigas, AF144646; Mytilus galloprovincialsis,
AB180909; C. virginica, AJ271444; Argopecten irradians, AY485261;
Mizuhopecten yessoensis, AY485262

whereas the other is related to M. galloprovincialis and C. virginica.
Northern blot analysis was carried out to determine the levels of
gene expression that code for HSP70 mRNA and 28S rRNA (Fig.
4). The gill tissue of C. gigas from the bottom layer in February and
September as well as middle and bottom layer in November and
December were observed to the HSP mRNA expression (data not
shown). HSP70 transcripts were not detected in the gill tissue of the
samples obtained from surface layer in September, November,
December and February. Autoradiography analysis revealed
approximately three fold induction of HSP70 mRNA level during
winter (November, December and February) compared to summer
(September). It is known that HSPs are supposed to act as promoting
immune responses that are involved in the protection of the cytoplasm
components against not only environmental stressors, but also
biological stressors such as bacterial challenge (Campisi et al.,
2003).The HSP70 family has been playing a role in maintaining
cellular homeostasis and protecting organisms corresponding to
Summer
1

2

3

Winter
4

5

6

HSP70
GAPDH

Fig. 4: HSP70 expression in C. gigas gill tissue at different sampling
sites by Northern blotting analysis. Lane 1: sample obtained from middle
layer, lane 2: sample obtained from surface layer and lane 3: sample
obtained from bottom layer. Lane 1-3 was provided on September. Lane 46 was obtained from middle, surface and bottom, respectively. Lane 4-6
was provided on February. GAPDH was used as a control for equivalent
RNA loading
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pathogenic infection (Encomio and Chu, 2004). It has been reported
that dramatic increases in the expression of HSP70 mRNA in C.
gigas after treatment of pathogenic organisms were observed
(Encomio and Chu, 2007). In addition, the bacterial challenge is
even possibly contributed to protein damage, different DNA sequence
and phylogenesis (Hofmann and Somero, 1995; Minier et al., 2000;
Cellura et al., 2006). Although C. gigas from Gamak Bay was
expressed in HSP70 mRNA in the gill tissue, the present HSP70
cDNA sequence did not show a different DNA sequence and deduced
amino acid with C. gigas AF144646. We did not investigate the
HSP70 transcript after bacterial challenge in-vitro, but certainly a
high level of expression of HSP70 mRNA challenged with pathogenic
bacteria should be observed.
Rapid industrial development has resulted in the discharge
of various organic and inorganic materials, chemical substances
and heavy metals contained in industrial sewage into aquatic
environments. Aquatic organisms are exposed to these contaminants
within the aquatic environments, even small amounts of harmful
heavy metals such as lead, cadmium and mercury cause toxicity in
living bodies. In particular, shellfish including oyster display little
mobility compared to other species, and these are easily absorbed
and accumulated in the tissue as they filter large amounts of seawater
through the gills and ingest the filtered organic substances (Philip,
1995). Some researchers have studied the changes in the patterns
of HSP and metal-binding protein metallothionein mRNA expression
(Rebeblo et al., 2003; Gao et al., 2007). Cruz-Rodriguez and Chu
(2002) studied the relationship between HSP and suspended field
contaminated sediments against benthic filter feeders. Exposures to
heavy metal and suspended particles are associated with a significant
increase in HSP70 transcript.
According to environmental data provided by the National
Fisheries Research and Development Institute, the concentrations
of heavy metals (Cd, Zn, Pb and Cu) in Gamak bay have been
shown a desirable level (NFRDI, 2010). Most of the region in
aquaculture for the oysters in Gamak bay showed a low density of
pathogenic microorganisms such as E. coli (Personal communication:
Mr. Park, Division of Sanitation, South Sea Fisheries Research
Institute). Consequently, the natural oyster obtained from Gamak
Bay is not more vulnerable to the influence of heavy metals and
marine bacteria as a trigger of HSP70 mRNA expression. On the
basis of geographic characteristics, Gamak bay is semi-enclosed,
but has a wide avenue for exchange with offshore waters. It is
assumed that the expression of HSP70 mRNA from natural
population of oyster in Gamak bay is not greatly associated with
these above contaminants. One of the most environmentally harmful
impacts in Gamak bay is hypoxia that usually occurs. David et al.
(2005) suggested that the hypoxia response under experimental
conditions was associated with the expression of HSP70 in C.
gigas. Consequently, the role of the hypoxia plays an important role
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in triggering the observed expression of HSP70 mRNA in oyster
occurring at middle and bottom layer during summer and winter.
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