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In this study the gene encoding HSP70 was isolated from Phascoloma esculenta by homologous cloning
and rapid amplification of cDNA ends (RACE). The full-length of cDNA (2520 bp) consists of a 50-terminal
untranslated region (UTR) (125 bp), a 30-terminal UTR (421 bp) with a canonical polyadenylation signal
sequence (AATAAA), a poly (A) tail, and an open reading frame (ORF) (1974 bp). The predicted molecular
mass and isoelectric point for HSP70 is 71.6 kDa and 5.15, respectively. BLAST analysis showed that
P. esculenta HSP70 gene shared high similarity. Classical HSP signature motifs, ATP/GTP-Binding Site Motif
A, Bipartite Nuclear Targeting Sequence, the cytosolic HSP70 could be expressed in Escherichia coli BL21.
After purification, the recombinant pET-HSP70 protein was used to produce the polyclonal antibody in
mice and the specificity of the antibody was confirmed by Western blot analysis. Fluorescent real-time
quantitative PCR analysis showed that expression of Hsp70 in sipuncula was increased significantly after
exposure to 10 mM Zn for12 h, Cd for 24 h, Cu for 48 h, and was exposure to 37 °C for 24 h sea water.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Environmental stresses induce the expression of a set of
intracellular proteins. Heavy metals enhance the expression of the
HSP70 gene at some concentrations. The HSP plays essential roles
in the protein metabolism under normal and stressed conditions
[4]. Zinc, cadium and copper are essential trace elements for all
eukaryotes since they play critical roles in biochemical processes.
Therefore, when the intracellular level of metal ions rises above
critical levels, it can interfere with vital processes producing cell
death [2]. One of the responses of prokaryotes and eukaryotes to
a variety of toxicants is represented by the increasing of the
transcription of specific genes that encode heat shock proteins
(HSP). The regulation of HSP70 gene expression is dependent on
the activation of the environmental factor. These responses are
highly conserved from bacterium to human and the expression is
regulated by environmental stressors which lead to protect cells
against to harmful conditions by binding and refolding of damaged
proteins [11], mRNA transcription of the HSP70 is rapidly increased
from the basal level in response to various stressors, whereas
HSP70 is constitutively expressed at a relatively higher level and
changed little upon burden of stressors [9]. The HSP70 expressions
may prove useful as a molecular indicator for adverse biological
effects because they respond to minor environmental
8.
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perturbations. So, it is worth studying the relevance of HSP70
induction as a toxicological endpoint after exposure to environ-
mental pollutants [14].

The body wall of sipuncula was the principal tissue for heavy
metal accumulation, and Cd was the most enriched element. The
protuberances may contribute to detoxification. HSP70 may play
central role in the detoxification of heavy metals [10].

2. Materials and methods

2.1. Animals and heat shock treatment

Adult specimens of sipunculida (average bodyweight 10 g) were
bought from Wenling Dongtang Company of Zhejiang Province in
the summer of 2008. Heat shock treatment was performed from
ambient sea water (16 °C) to 37 °C for 1 h.

2.2. Rapid amplification of 50 and 30 cDNA ends (RACE)

Blood sample were collected from the heat-shocked Phascolo-
soma esculenta and total RNAwas extracted from the blood samples
with an RNA Extraction Kit and the cDNAwas synthesized. Based on
the conserved sequences of HSP70 genes from closely related
species, one pair of degenerate primers, HSPF1 (50-GCHAAR-
AAYCARGTN GCNATGAA -30) and HSPR1 (50-TTYTCNGCNTCNTK-
SACCAT-30), were designed to amplify an HSP70 cDNA fragment
(1400 bp) from P. esculenta. Cycling parameters for PCR amplifica-
tionwere one cycle of 94 °C for 5 min followed by 35 cycles of 94 °C
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for 1 min, 53 °C for 1 min, 72 °C for 2.5 min and a final extension
step at 72 °C for 10 min. The PCR products were gel-purified and
sequenced (Fig. 1A).

For 30 end RACE PCR, a cDNA templatewas obtained as described
above and a PCR was performed with gene specific primers
HSP70F2 (50-TCGTCTGAGC AAGGATGATATT-30) and an adapter
primer AUAP (50-GGCCACGCGTCGACTAG TAC-30).

For the 50 end RACE PCR, the RNAwas transcribed by 5'RACE Kit
(Invitrogen) with gene specific primer HSPR2 (50-AGTTTCCTTC
ATTTTGGTTAGA-30), and then the cDNA was amplified with an
adapter primer AAP (50-CUACUACUACUA GGCCACGCGTCGACTAG-
TACGGGIIGGGIIGGGIIG-30) and a gene specific primer HSPR3
(50-TTGTTTCACCCTTGTACTCCAC-30). Nested PCR was performed
with UAP (50-CUACUACUACUAGGCCACGCGTCGACTAGTAC-30) and
a second gene specific primer HSPR4 (50-TGGGTCATCATATTTG
CGAC-30). The PCR reactions were performed in a volume of 25 μl
containing 2.5 μl of 10×PCR buffer, 2.0 μl of MgCl2 (25 mM), 2.0 μl of
dNTP (2.5 mM), 1.0 μl of each primers (10 μM), 1.0 μl of cDNA
template, 0.2 μl (1 U) of Taq polymerase and 15.3 μl of PCR-Grade
water. Cycling parameters for PCR amplification were one cycle of
94 °C for 5 min, followed by 35 cycles of 94 °C for 1 min, 55 °C for
1 min, 72 °C for 2 min and a final extension step at 72 °C for 10 min.
The PCR products were gel-purified and sequenced (Fig. 1B and C).
2.3. Sequence analysis

cDNA sequences of HSP70 from P. esculenta were blasted to
obtain known sequences of HSP70 genes from other species.
Multiple sequence alignment and phylogenetic analysis were per-
formed using Vector NTI (Invitrogen, USA) and MEGA3.1 [6],
respectively.
2.4. Expression of HSP70 protein

PCR product of HSP70 was digested with BamHІ and Hind III
and ligated into the plasmid pET-28a (digested with the same
enzymes) resulting in the recombinant plasmid pET-HSP70. The
Plasmid pET-HSP70 was transformed into E. coli BL21 and correct
insertion was confirmed by enzyme digestion and sequencing. One
clone with correct insertion was cultured overnight at 37 °C. The
Overnight culture was diluted into LB (1:100), and cultured for
additional 2–3 hours to achieve log phase bacteria (OD600: 0.6–0.8).
IPTG was added to the log phase bacterial culture at the final
concentration of 1mmol/L to induce the protein expression. Protein
samples were analyzed by 12% SDS-PAGE [12].
Fig. 1. HSP70 of Phascolosoma esculenta by PCR. a: Core sequ
2.5. Production of polyclonal antibodies against the
recombinant HSP70

Five male BALB/c mice (5-week-old) were immunized intra-
dermally with recombinant protein HSP70 mixed with equal
volume of Freund's complete adjuvant (Sigma, St. Louis, MO).
Another five mice were not immunized as a negative control. Mice
were booster immunized with the mixture of antigen and Freund's
incomplete adjuvant (Sigma) three times every two weeks. Three
days after the last immunization, blood was collected, clarified by
overnight incubation at 4 °C, and centrifuged at 3000 × g for 15min.
The supernatant was collected and stored at −20 °C. At the same
time, the negative control group was immunized with PBS as
antigen using the same method.
2.6. Western blot analysis

Total proteins extracted from P. esculenta or Escherichia coli BL21
strain were separated on 12% SDS-PAGE. Proteins were electro-
phoretically transferred to nitrocellulose membranes at 20 V for
14 h. The membrane was blocked by incubation in TTBS (0.02 M
Tris–HCl, 0.5 M NaCl, 0.05% Tween-20, 0.01 M Levamisole, pH7.5)
containing 5% skimmed milk for 4 h at room temperature, at the
same time, Polyclonal antibodies of the mice were adsorbed with
E. coli BL21. The membrane was hybridized with HSP70 polyclonal
antibodies (1:500) for 1 h followed by rinsing with TTBS for three
times and blocking in TBS for 10 min. The secondary antibody was
rabbit-anti-mouse IgG (Sigma) diluted (1:10 000) in TTBS con-
taining 5% skimmed milk. The membrane was developed by BCIP/
NBT for 1–3 min and stopped by rinsing strips with distilled water.
2.7. In vivo exposures to heavy metals and to high temperature

P. esculenta (average body weight 10 g) were exposed to three
different heavy metals (copper, cadmium and zinc) at dose levels of
10 mM by adding 0.5 M stock solutions of CuCl2, CdCl2 and ZnCl2.
Four replicate groups for each treatment were prepared at 6, 12, 24
and 48 h post exposure. The other P. esculenta were unexposed as
blank group. Viability was checked daily and dead individuals were
removed immediately. P. esculenta were exposed to 37 °C for 6 h,
12 h, 24 h, 48 h and. 72 h. When the treatments were finished,
P. esculenta blood were removed for RNA preparation. The cDNA
synthesis was carried out and stored at −80 °C for subsequent
fluorescent real-time PCR.
ence of HSP70; b: 30RACE of HSP70; c: 50RACE of HSP70.
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2.8. Quantitative real-time PCR of HSP70

The expression of HSP70 transcript in blood of P. esculenta after
heavy metal exposure and high temperature was measured by
fluorescent real-time PCR. HSP70 gene specific primers (HSP70-F:
50 TAACACCACCATTCCCACCA 30; HSP70-R:50 CACG CTCTCCTTCAA-
ACACCT 30) were used. GAPDH gene was used as an internal control
to verify the quantitative real-time PCR reaction. GAPDH primers
(GAPDH-F: 50 CCAGAACATCATCCCAGCA 30; GAPDH-R:50 ACGAAC
AGGGACACGGA AG 30) replacement of cDNA template was used as
a negative control.
Fig. 2. Sequence of HSP70 from P. esculenta and its amino acid sequence. :Three classical
Sequence; : GGMP TPR; : Cytosolic HSP70 character sequences; : Tailing signal.
The fluorescent real-time PCR assay was carried out in a Rotor-
Gene 6000 System (Applied Corbett Research). The amplifications
were performed in a 20 μL reaction volume containing 10 μL of
2 × SYBR Premix Ex Taq II (Takala), 0.5 μL (each) forward primer and
reverse primer (10 μmol/L), 5 μL of 1:10 diluted cDNA, and 4 μL of
PCR-grade water. The thermal profile for real-time PCR was 95 °C
for 10 s, followed by 40 cycles of 15 s at 55 °C and at 72 °C 15 s
fluorescence readings were recorded at 72 °C after each cycle.
Expressions of genes were analyzed using amethod of Comparative
Delta–delta Ct. The relative fluorescence unit, calculated threshold
cycle (CT), and dissociation curve were monitored by the analysis
HSP signature motifs; :ATP/GTP-Binding Site Motif A; A:Bipartite Nuclear Targeting



X. Su et al. / Fish & Shellfish Immunology 28 (2010) 461e466464
software of the system (Corbett Research). Triplicate assays per
cDNA sample were carried out in an independent manner to
determine the average CT values.
3. Results

3.1. Cloning, sequencing and phylogenetic analysis of cDNA

The length of P. esculenta HSP70 open reading frame was
2520 bp encoding a protein with 658 amino acids residues. The 50

UTR is located 125 bp upstream of the putative start codon (ATG)
and the 30 UTR (421 bp) is followed by a poly(A) tail. A potential
consensus signal sequence for polyadenylation, AATAAA, is located
17 bp upstream of the poly(A) tail (GenBank accession no.
EU416330). The full-length of nucleotide sequence and the deduced
amino acid sequence are shown in Fig. 2. Amino acid sequence
analysis indicated the existence of HSP70 signature motifs:
IDLGTTYS (residues 10–17), IFDLGGGTFDVSIL (residues 198–211),
IVLVGGS TRIPKIQK (residues 335–350), ATP/GTP-Binding Site Motif
A (P-loop) (AEAYLGKT), bipartite Nuclear Targeting Sequence
(KRKFKKDITDNKRAVRR), the cytosolic HSP70-specific motif, EEVD
(residues 655–658), and the degenerate repeats of tetrapeptide
GGMP (residues 619–638).

Multiple sequence alignment showed that the deduced amino
acid sequence of P. esculenta HSP70 shared high similarity with
other HSP70 amino acid sequences from Argopecten irradians,
Crassostrea ariakensis, Pteria penguin, Chlamys farreri, Haliotis
tuberculata, Mytilus galloprovincialis, Penaeus monodon, Chironomus
tentans, Culex pipiens quinquefasciatus, Danio rerio, Scophthalmus
maximus, Oryzias latipes, Xenopus laevis, Mus musculus and homo
sapiens. Based on the sequence of HSP70s from different species,
a phylogenetic tree was constructed using the programs of
MEGA3.1 (Fig. 3). The relationships of HSP70 displayed in the
phylogenic tree were consistent with the traditional taxonomy of
these species.
 Ph

 Hal

 O

 Xenopus laevis

 Danio rerio

 Scophth

100

100

87

99

90

88

65

48

65

42

57

89

34

0.02

Fig. 3. The phylogenetic tree
3.2. Expression and purification of recombinant protein HSP70

Protein expression was induced by addition with different
concentration of IPTG and incubation for different time. The
condition for optimal expression is 1.0 mmol/L IPTG at 37 °C with
4 h of incubation (Fig. 4A). Protein electrophoresis by SDS-PAGE and
staining of the gel with KCl revealed a band of 70 kDa. This band
was excised with a clean blade and ground in PBS. After storing at
4 °C for approximately 12 h, the ground sample in PBS was
centrifuged and the supernatant that contains HSP70 protein was
collected. Resolution of the PBS containing the purified HSP70 by
SDS-PAGE and staining of the gel with Coomassie brilliant blue
revealed a single band of 70 kDa (Fig. 4B).

3.3. Western blot

The polyclonal antibody generated from the immunized mice
was used as the primary antibody to detect the protein samples
isolated from IPTG induced E. coil BL21 with pET-28a for 4 h,
uninduced E. coil BL21 with pET-HSP, IPTG induced E. coil BL21 with
pET-HSP for 4 h and whole cell lysate of P. esculenta. The results
showed that a specific band (70 kDa) appeared in the samples of
purified recombinant protein of HSP70 and the blood cells lysate of
P. esculenta. However, specific band was not detected in the unin-
duced BL-21 harboring pET-HSP or induced BL-21 with empty
vector, pET-28a (Fig. 5).

Furthermore, we did the same experiment with the serum from
PBS-immunized mice as the primary antibody, and this serum did
not react with the protein and produce any band. The results
suggest that the polyclonal antibody binds specifically with the
HSP70 protein.

3.4. Transcriptional responses of HSP70 genes

Levels of HSP70 mRNA were substantially affected by the heavy
metal exposures (Fig. 6). Significant differences in the expression
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Fig. 4. Expression and purification of HSP70 recombinant protein. (A) lane 1: Low molecular marker; lane 2: Total protein of non-induced pET-28a; lane 3: Total protein of pET-28a
induced for 5 h; Lane 4: Total protein of non-induced pET-HSP70; Lane 5e9: total protein of pET-HSP70 induced for 1 h, 2 h, 3 h, 4 h and 5 h; (B) M: Low molecular marker; Lane 2:
purified protein of pET-HSP70.
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level of HSP70 were observed at 6 h, 12 h, 24 h, 48 h, and 72 h.
HSP70 mRNA level increased at 24 h with Zn-treatments (P < 0.05)
and was 7.89 fold higher than that observed in the blank group,
increased 3.05 fold at 48 h in Cd-treatments (P < 0.05), increased
the 2.22 fold at 12 h with Cu-treatments (P < 0.05) .The effect of
thermal stress on mRNA expression of HSP70 genes is shown in
Fig. 7. HSP70 mRNA level increased the maximum was 2.51 fold at
24 h (P < 0.05), and was 2.13 Fold at 48 h, thenwas 1.98 fold at 72 h
by real-time PCR.

4. Discussion

Changes of HSP70 expression induced by some environmental
pollutants have been studied and used for biological monitoring.
HSP70s are highly conserved between species and might have
similar functions in vertebrates and invertebrates [1]. In this study,
we cloned the full-length HSP70 cDNA sequence from P. esculenta by
using RACE technology. Comparative analysis showed that HSP70
from P. esculenta shares a high degree of homologywith HSP70 from
other species. The sequence of the ATPase domain of HSP70 from
various species is highly conserved, while the C-terminal domain
is less conserved than the ATPase domain [15]. Our results also show
that C-terminal domain of HSP70 from P. esculenta is less conserved
than the ATPase domain.
Fig. 5. Specificity of HSP70 polyclonal antibody was determined by Western blot. Lane
1: Low molecular marker; Lane 2: IPTG induced E. coil BL21 with pET-28a for 4 h; Lane
3: Uninduced E. coil BL21 with pET-HSP70; Lane 4: IPTG induced E. coil BL21 with pET-
HSP70 for 4 h; Lane 5: total protein of blood from P. esculenta; Lane 6: PBS-immunized
mice was used in replacement of the primary antibody.
The HSP70 family can be classified into three subfamilies:
GRP170/L, HSP110 [7,8] and DNAK. The ATP binding site of each
subfamily has its own specific motif. The specific motif- DLGTT-S-V
in DNAK subfamily was identified in the HSP70 of P. esculenta,
indicating that the P. esculenta HSP70 belongs to the DNAK
subfamily. The deduced amino acid sequence of HSP70 from
P. esculenta contains 5 repeats of a conserved tetrapeptide GGMP
(GGMP × 5) located at the C-terminal portion of the protein. Some
of these repetitive peptides have been shown to be the antigenic
epitopes [3]. Scheufler et al. have shown that this Tetrapepetide
Repeat (TPR) mediates the association of HSP70 with HSP90 into
a multichaperone complex. Furthermore, the EEVD sequences at
the end of the protein are characteristic to all the cytosolic HSP70
[13], HDEL sequences are characteristic to endoplasmic reticulum
HSP70 and the PEAEYEEAKK sequences are characteristic to the
mitochondrial HSP70. Since P. esculenta HSP70 contains EEVD
sequences, it belongs to the cytosolic HSP70 family.

SDS-PAGE analysis showed that the size of HSP70 from P. escu-
lenta was approximately 70 kDa and the amount of the protein
increased significantly with the increased induction time. HSP70
protein was present only in the IPTG-induced BL21 E. coli con-
taining a pET-HSP70 plasmid, while HSP70 was not present in the
uninduced pET-HSP70 recombinant BL-21 E. coli or BL21 E. coli
without a plasmid. The purification method of recombinant protein
was simple, convenient, less time-consuming, economical and
practical. Furthermore, the purification process has no noticeable
effect on the protein. The Western blot analysis showed that the
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Fig. 6. Real-time PCR of HSP gene of P. esculenta exposed to heavy metals.
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polyclonal antibody generated in mice reacted to the purified
HSP70 and whole cell lysate of P. esculenta but not to the whole
lysate of E. coli. These results suggest that this antibody is specific to
HSP70 from P. esculenta and can be used for future experiments [5].

The increased synthesis of the heat shock protein hsp70 in
response to physical or chemical stressors is preceded by a tran-
scriptional activation of the HSP70 gene, which leads to elevated
levels of HSP70 mRNA. Using GADPH mRNA as an internal standard
for normalization of HSP70 mRNA levels allows the comparison of
induction levels caused by different stress conditions. The real-time
PCR assay developed for this study proves to be a suitably sensitive
and reliable tool for rapid analysis ofHSP70mRNA levels.Weexposed
a sipunculida to10 mM CuCl2, CdCl2 and ZnCl2 solution, and exposed
to 37 °C seawater. Differences in the uptake of metals by sipunculida
should be responsible for the expression of HSP70 gene. Inducing
agents Zn2þ(after 12 h), Cd2þ for 24 h, Cu2þ for 6 h, exposed to 37 °C
for 24 h result in the highest level of HSP70 mRNA induction [17].

HSP70 is an important protection factor of the endogenous cells,
identification of P. esculenta HSP70 provides an useful tool for
further basic and application research. Organisms are able to adapt
to a wide range of temperature changes and resist to heat stress
when more HSP70 proteins are expressed within their bodies.
HSP70 is also involved in the resistance to other adverse environ-
mental conditions and maintenance of the stable defence systems.
HSP70 is able to defend toxins in the surrounding environment,
thus expression of HSP70 can be used as an indicator of aquatic
toxic contamination. Studies of HSPs have become an important
field of resilience physiology [17]. The identification and expression
of P. esculenta HSP70 gene have laid the foundation for further
studies of the molecular mechanisms and how HSP70 mediates
biological resilience as well as how HSP70 achieves its functions.
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