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Abstract In this study, a full-length cytosolic heat shock
protein 70 complementary DNA (cDNA) of Laminaria
japonica (designated as LJHsp70) was obtained by reverse
transcriptase-polymerase chain reaction (RT-PCR) coupled
with rapid amplification of cDNA ends. The full length of
LJHsp70 cDNAwas 2,918 bp, with a 5′ untranslated region
of 248 bp, a 3′ untranslated region of 696 bp, and an open
reading frame of 1,974 bp encoding a polypeptide of 657
amino acids with an estimated molecular mass of
72.03 kDa and an estimated isoelectric point of 4.97. There
was highly repeated sequence of CAA in 5′ untranslated
region of LJHsp70. The result of phylogenetic tree of
Hsp70s, the BLAST program analysis and cytosolic Hsp70-
specific motif of LJHsp70 verified that the cloned LJHsp70
belonged to cytosolic Hsp70 family. Three typical Hsp70
signature motifs were detected in LJHsp70 by InterPro
analysis. Under different stress conditions, messenger RNA
(mRNA) expression levels of LJHsp70 were quantified by
quantitative RT-PCR. To L. japonica sporophytes kept in
different temperatures for 1 h, the expression level of
LJHsp70 at 30°C was highest and twofold higher than that
at 10°C. To L. japonica sporophytes kept at 25°C for
different times, the mRNA expression level of LJHsp70
reached a maximum level after 7 h and then dropped
progressively. The expression level of LJHsp70 at 0 or 5‰
salt concentration for 2 h was twofold higher than that at
30‰ salt concentration for 2 h. The results showed that

LJHsp70 may be a kind of potential biomarker used to
monitor environment conditions.
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Introduction

Stress factors, including heat shock and also a number of
chemical, physical, and biological stressors, are able to
affect the tertiary structure of proteins, disrupt normal
cellular processes, and cause rapidly increased synthesis of
a group of proteins belonging to heat shock protein families
(Hsps; e.g., Goodman and Blank 1998; Wagner et al. 1999;
Mager et al. 2000; Lewis et al. 2001; Li and Guy 2001;
Snyder et al. 2001; Sørensen and Loeschcke 2001; Rizhsky
et al. 2002; Barua and Heckathorn 2006).

Of all Hsp families, heat shock protein 70s (Hsp70s) are
a highly conserved and ubiquitous protein family that is
highly conserved across all domains of life (Gupta and
Golding 1993; Boorstein et al. 1994; Karlin and Brocchieri
1998; Feder and Hofmann 1999). They play essential roles
in transporting nascent proteins across membranes into
organelles, folding newly translated proteins, repairing
misfolded proteins, and helping target damaged proteins
for degradation (Gething and Sambrook 1992; Nelson et al.
1992; Hartl 1996; Morimoto et al. 1997; Fink 1999). Under
stress conditions, Hsp70s are upregulated, participate in the
refolding of denatured proteins, maintain cell homeostasis,
and protect organisms from damage (Jolly and Morimoto
1999; Hartl and Hayer-Hartl 2002; Mayer and Bukau 2005;
Tanaka et al. 2007; Mycko et al. 2008). Major inducing
factors for Hsp70s upregulation are the occurrence of
damaged cellular proteins (Feder and Hofmann 1999).
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Regulation of Hsp70 expression occurs mainly at transcrip-
tional level (Ananthan et al. 1986). Apart from this cytosolic
function, they have been shown to migrate into the cell
nucleus where they act to repair or protect the nuclear
proteins and to minimize protein aggregation (Ohtsuka and
Hata 2000). Hsp70s are also known to play important roles
in transporting damaged proteins to lysosomes for degra-
dation, suppressing apoptosis pathways, and providing cells
with increased time to repair damage (Wickner et al. 1999;
Verbeke et al. 2001).

So far, all Hsp70s possess three distinct domains: an N-
terminal adenosine triphosphatase (ATPase) domain, a
substrate-binding domain, and a highly variable C-
terminal domain. Plant Hsp70s possess at least four types
of Hsp70s, each of which localizes to a different cellular
compartment. The C terminus of each subgroup is unique
and highly conserved. The motif for cytosolic group is
EEVD or EEID, for endoplasmic reticulum (ER) group is
HDEL, for mitochondrion (MT) group is PEAEYEEAKK,
and for chloroplast (CP) group is PEGDVIDADFTDSK
(Guy and Li 1998; Sung et al. 2001). A recent comparative
analysis of Algal Hsp70s found that red algae, green algae,
and diatoms also have multiple Hsp70s, which localize to
cytoplasm, mitochondria, chloroplast, or endoplasmic retic-
ulum (Renner and Waters 2007).

Hsp70s are a kind of potential biomarker of environ-
mental stresses and can be applied to monitor environmen-
tal conditions (Tomanek and Sanford 2003; Dahlhoff 2004;
Ireland et al. 2004). Stress response studies have been
carried out with intertidal invertebrates (e.g., Hofmann and
Somero 1995; Halpin et al. 2002; Tomanek and Sanford
2003; Hamdoun et al. 2003; Sagarin and Somero 2006) and
terrestrial plants (e.g., Howarth 1991; Downs et al. 1998;
Hong and Vierling 2000; Manitašević et al. 2007). The
intertidal and subtidal zones are a dynamic environment
that undergoes fierce and rapid changes in physical
parameters with the turning tides and alterations caused
by diurnal, seasonal, and meteorological variations (Collén
et al. 2007). Therefore, investigations of stress response in
non-mobile organisms such as seaweeds are especially
interesting because they are unable to escape from
unfavorable conditions. Thus, they must make appropriate-
ly physiological and biochemical changes in order to deal
with environmental stresses. Stress response has been
studied in few species of macroalgae to date (Vayda and
Yuan 1994; Lewis et al. 1998; Ireland et al. 2004; Li and
Brawley 2004; Roeder et al. 2005; Collén et al. 2007;
Henkel and Hofmann 2008a,b). Laminaria japonica is a
representative and important species of Phaeophyta because
it forms seaweed ecosystems along Asian coasts, and it is
used commercially as a foodstuff and a raw material for
iodine, mannitol, and alginate production in eastern Asian
countries (Suzuki et al. 2006). For better understanding, the

mechanism of seaweeds response to the ecological and
environmental stimulation, a cytosolic Hsp70 complemen-
tary DNA (cDNA) of L. japonica was obtained by reverse
transcriptase-polymerase chain reaction (RT-PCR) and
rapid amplification of cDNA ends (RACE). Under different
stress conditions, messenger RNA (mRNA) expression
levels of LJHsp70 were investigated using real-time
quantitative RT-PCR (qRT-PCR).

Materials and Methods

Laminaria japonica Sample

L. japonica sporophytes (10–15 cm in length) were
collected from Qingdao, China on 28th November 2007
and cultured in aerated seawater at 10°C, 10 μmol m−2 s−1

in 12:12 h (L/D) for 7 days before experimentation. About
5 g of L. japonica sporophytes was used in each stress
treatment group.

Stress Treatments

L. japonica sporophytes were kept in 30°C for 1 h for
extracting total RNA and cloning full-length cDNA of
LJHsp70 gene. In heat shock temperature treatment,
L. japonica sporophytes were kept in different temper-
atures (5°C, 10°C, 15°C, 20°C, 25°C, 30°C, 35°C, and
40°C, respectively) for 1 h to investigate the effects of
temperatures on expression level of LJHsp70 mRNA. In
heat shock time treatment, L. japonica sporophytes were
kept at 25°C for different times (0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, and 12 h, respectively) to investigate the effects of
heat shock times on expression level of LJHsp70 mRNA.
In salt concentration challenge treatments, L. japonica
sporophytes were kept at 10°C in different salt concen-
trations (0‰, 5‰, 10%, 15‰, 20‰, 25‰, 30‰, 35‰,
40‰, and 45‰, respectively) for 2 h to investigate the
effects of salt concentration challenges on expression level
of LJHsp70 mRNA.

RNA Extraction

Because of high levels of polysaccharides, tannins, and
phenolics present in L. japonica tissue, RNA extraction kits
generally fail to recover high-quality RNA. In this work,
total RNA of L. japonica sporophyte was extracted using
the modified method of cetyl trimethylammonium bromide
(CTAB; Yao et al. 2009). The concrete protocol was
described as follows. About 0.1 g of L. japonica sample
was grinded to powder in liquid nitrogen with mortar and
pestle. Two milliliter of extraction buffer [100 mM Tris
(pH 7.5), 50 mM EDTA, and 2 M NaCl] and 100 µl of 5 M
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dithiothreitol were added to the powdered tissue, transferred
into an RNase-free EP tube and kept in room temperature
for 15 min. Two milliliter of chloroform/isoamyl alcohol
(24:1, V/V) was added to the mixture, mixed thoroughly,
and centrifuged at 12,000×g for 20 min at 4°C. Supernatant
was transferred to a clean RNase-free EP tube, added
0.5 ml of absolute ethanol and 2 ml of chloroform/isoamyl
alcohol (24:1, V/V), mixed thoroughly, and centrifuged at
12,000×g for 20 min at 4°C. Supernatant was transferred to
a clean RNase-free EP tube and added 0.5 ml of 12 M LiCl
solution, mixed thoroughly, and stored in −80°C for
30 min. RNA precipitation was collected by centrifugation
at 14, 000×g for 20 min at 4°C. The pellet was washed
twice with 70% ethanol, dried under vacuum, and resus-
pended in RNase-free water. DNA was removed from total
RNA using RQ1 RNase-Free DNase kit (Promega, Wis-
consin, USA). Concentration of total RNA was determined
by measuring ultraviolet (UV) absorbance at 260 nm. RNA
purity was checked by determining the A260/A280 ratio.
RNA integrity was checked by formaldehyde agarose gel
electrophoresis.

LJHsp70 cDNA Cloning

Single-strand cDNA of LJHsp70 was synthesized using
RNA PCR Kit (AMV) Ver. 3.0 (TaKaRa, Tokyo, Japan).
PCR was carried out in a programmable Mastercycler
personal thermocycler (Eppendorf, Hamburg, Germany) in
a 10-µl reaction volume containing 1.0 µl of 10× RT buffer,
2.0 µl of MgCl2 (25 mM), 1.0 µl of each deoxyribonucle-
otide triphosphate (10 mM), 3.75 µl of RNase-free dH2O,
0.25 µl of RNase inhibitor, 0.5 µl of avian myeloblastosis
virus reverse transcriptase, 0.5 µl of oligo dT-adaptor
primer (2.5 μM), and 1.0 µl of total RNA (about 1 µg).
Reaction was incubated at 30°C for 10 min, then incubated
at 42°C for 30 min, terminated by heating at 99°C for
5 min, and subsequently stored at −80°C or used for PCR.
One pair of degenerated primers, Hsp-F (5′-GASGGYATC
GACTTYAACTC-3′) and Hsp-R (5′-TCCTTRCCCGTM
GAYTTCTCCAC-3′), were designed on the basis of known
Hsp70s of algae (accession number EU780017, AB023580,
M27825, and EF537647) for amplifying a cytosolic
LJHsp70 cDNA fragment of about 630 bp. PCR was
performed in a 50 µl reaction volume containing 3 µl of
cDNA as a template, 10 µl of 5× PCR buffer, 33.75 µl of
dH2O, 0.25 µl of TaKaRa Ex Taq HS, and 1.5 µl of each
primer (10 mM). PCR was carried out at 94°C for 3 min,
followed by 35 cycles of 94°C for 30 s, 55°C for 30 s, 72°C
for 1 min, and a final extension at 72 C for 10 min. The
interest fragment of PCR product was excised, purified by
agarose gel DNA fragment recovery kit (TaKaRa, ToKyo,
Japan), subcloned into PMD-18T vector (TaKaRa, Tokyo,
Japan), and sequenced (Sangon, Shanghai, China).

Rapid Amplification of cDNA Ends

Sequence obtained by RT-PCR was used to design specific
primers, GSP-3 (5′-CACGCGGTGGAGAAGTCGACG
GGCAAGG-3′) and GSP-5 (5′-CGTGGATCTGCCCCTTC
GACAACCTGG-3′) to perform 3′ and 5′ RACE, respec-
tively. Both 3′ and 5′ RACE were carried out using a Smart
RACE cDNA amplification Kit (Clontech, CA, USA)
according to the manufacturer’s instructions. Amplifica-
tions were performed on a Mastercycler personal thermo-
cycler (Eppendorf, Hamburg, Germany). Touchdown PCR
was used for RACE amplification. The PCR programs were
carried out five cycles of 94°C for 30 s, 72°C for 2 min,
followed by five cycles of 94°C for 1 min, 70°C for 30 s,
72°C for 2 min, then 28 cycles of 94°C for 30 s, 65°C for
30 s, 72°C for 2 min, and a final extension at 72°C for
10 min. The PCR products were resolved by electrophoresis
on 1% agarose gel. The interest fragment was excised,
purified by agarose gel DNA fragment recovery kit (TaKaRa,
ToKyo, Japan), cloned into PMD-18T vector (TaKaRa,
Tokyo, Japan), and sequenced (Sangon, Shanghai, China).

Analysis and Alignment of Amino Acid Sequence

The similarity analysis of nucleotide and protein sequence was
carried out by using BLAST 2.0 at NCBI (http://www.ncbi.
nlm.nih.gov/blast). The deduced amino acid sequence was
analyzed with the Expert Protein Analysis System (http://
www.expasy.org/). According to the methods, designated
naming system and criteria of Renner and Waters (2007),
Hsp70s of Thalassiosira pseudonana (five types), Chlamydo-
monas reinhardtii (five types), Ostreococcus lucimarinus (five
types), Ostreococcus tauri (five types), and Cyanidioschyzon
merolae (four types) were used as criteria to distinguish
different types of Hsp70s. Because the cloned LJHsp70
belonged to cytosolic group, so typical Hsp70s of land plants
and algae belonging to cytosolic group having C terminus
motif of EEVD or EEID were selected and used to construct
phylogenetic tree.Meanwhile, someHsp70s of algae belonging
to other groups (ER, MT, and CP groups) were also used to
construct phylogenetic tree to deduce phylogenetic relationship
among different Hsp70 groups. Multiple alignments of the
Hsp70 proteins were performed with the ClustalW multiple
alignment program (http://www.ebi.ac.uk/clustalw/). A phylo-
genetic tree was constructed using the program Mega 4.0.

Real-Time Quantitative RT-PCR

qRT-PCR was performed with the SYBR Premix Ex Taq
(Takara, Tokyo, Japan) on an ABI 7300 Real-Time
Detection System (Applied Biosystems, CA, USA) to
investigate mRNA expression level of LJHsp70. Two
specific primers, Hsp70-F (5′-GGCAAAGATAAATCGGA
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GAAGC-3′) and Hsp70-R (5′-CCCTCAAATACCTGGA
TAAGCACA-3′) were used to amplify a PCR product of
194 bp. Two β-actin primers, Actin-F (5′-AGGACCTCTA
CGGCAACATCG-3′) and Actin-R (5′-CGGCCTTGGAAA
TCCACATC-3′) based on sequence from GenBank (acces-
sion number FJ375360) were used to amplify a β-actin
gene fragment of 210 bp as the internal control for qRT-
PCR. The qRT-PCR amplifications were carried out in a total
volume of 20 μl containing 10 μl of SYBR Premix Ex Taq
(Takara, Tokyo, Japan), 2 μl of cDNA, 0.4 μl of each forward
and reverse primer (10 μM), 0.4 μl of ROX Reference Dye
(50×), and 6.8 μl of PCR-grade water. The amplification
protocol was carried out at 95°C for 10 s, followed by 40
cycles of 95°C for 5 s and 60°C for 30 s. Three independent
biological replicates were carried out. Melting curve analysis
of amplification products was performed at the end of each
PCR reaction to confirm that only one PCR product was
amplified and detected. After the PCR program, qRT-PCR
data from three replicate samples were analyzed with a 7300
System SDS Software v1.3 (Applied Biosystems, CA, USA)
to estimate transcript copy numbers for each sample. To
maintain consistency, the baseline was set automatically by
the software. The comparative cycle threshold (CT) method
was used to analyze the expression level of LJHsp70. The
CT for the target amplification of LJHsp70 and the CT for the
internal control β-actin were determined for each sample.
Differences between the CT for the target and the internal
control, called ΔCT, were calculated to normalize the
differences in the amount of total nucleic acid added to each
reaction and the efficiency of the RT-PCR. The blank group
was used as the reference sample, called the calibrator. The
ΔCT for each sample was subtracted from the ΔCT of
the calibrator; the difference was called ΔΔCT value. The
expression level of LJHsp70 could be calculated by
2�ΔΔCT, and the value stood for an n-fold difference
relative to the calibrator. The average cycle threshold (CT)
measurement for the three determinations was used in the
calculation of relative expression using β-actin as the
internal control. The data obtained from real-time PCR
analysis were subjected to one-way analysis of variance
followed by Tukey honestly significant difference test to
determine differences in the mean values among the treat-
ments. Significance was concluded at P<0.05. Statistical
analysis was performed using SPSS 13.0 for Windows.

Results

RNA Extraction, cDNA Cloning, and Sequencing
of LJHsp70 Gene

In this study, total RNA of L. japonica isolated by using the
method of CTAB mentioned above was high quality

enough for RT-PCR and RACE-PCR. LJHsp70 cDNA
fragment was amplified by degenerated primers mentioned
above and confirmed highly similar with known cytosolic
Hsp70 genes of algae and land plants. The full-length
LJHsp70 cDNAwas obtained by 3′ and 5′ RACE-PCR. The
complete sequence of LJHsp70 cDNA was deposited in
GenBank under accession number FJ375359.

Analysis and Alignment of Amino Acid Sequence

The full length of LJHsp70 cDNA was 2,918 bp, with a 5′
untranslated region of 248 bp with highly repeated sequence
of CAA and rich content of nucleotide C and A, a 3′
untranslated region of 696 bp, and an open reading frame of
1,974 bp encoding a polypeptide of 657 amino acids (Fig. 1).
The theoretical molecular weight and isoelectronic point of
LJHsp70 based on the deduced amino acid sequence was
calculated to be 72.03 kDa and 4.97, respectively. The
LJHsp70 was comprised of 105 negatively charged residues
(Asp and Glu) and 81 positively charged residues (Arg and
Lys). The contents of Glu (9.6%), Ala (9.1%), Gly (8.5%),
and Lys (7.3%) were high, while the contents of Cys
(0.9%), His (0.8%), and Trp (0.5%) were low. The deduced
amino acid sequence of LJHsp70 cDNA included three
typical motifs of the Hsp70 family at residues 11–18
(IDLGTTYS), 199–212 (IFDLGGGTFDVSVL), and 312–
326 (VVLVGGSTRIPKVQQ). The LJHsp70 was com-
posed of an ATPase domain from residues 1 to 383, a
substrate peptide binding domain from residues 384 to 546,
and a C terminus domain from residues 547 to 657.
Cytosolic Hsp70 C terminus generally contained the
cytosolic Hsp70-specific motif, EEVD. However, the
amino acid sequence of cytosolic LJHsp70 C terminus
was EEID, which existed in cytosolic Hsp70s of brown
algae, Undaria pinnatifida, and diatom, T. pseudonana.
There were three degenerate repeats of tetrapeptide GGMP
in the amino acid sequence of LJHsp70. In the whole
Hsp70 amino acid sequence, the conservation of the N
terminus was higher than the C terminus.

The BLAST program analysis showed that the deduced
amino acid sequence of the LJHsp70 shared homology
with amino acid sequences of other known cytosolic
Hsp70s. According to the method and criteria of Renner
and Waters (2007), different types of Hsp70s of algae and
land plants (mentioned above) were used to construct a
phylogenetic tree using the programs ClustalW and Mega
4.0 (Fig. 2). In the phylogenetic tree of Hsp70s, LJHsp70
clustered together with cytosolic Hsp70s. The result of
phylogenetic tree of Hsp70s, the BLAST program analysis,
and cytosolic Hsp70-specific motif of LJHsp70 verified that
the cloned LJHsp70 belonged to cytosolic Hsp70 family.
LJHsp70 kept close with cytosolic Hsp70s of brown algae,
U. pinnatifida and Fucus serratus, kept relatively close
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with cytosolic Hsp70s of diatom, green algae, and land
plants but were relatively distant from C. merolae (red
algae). At present, phylogenetic analysis of other types of
Hsp70s (ER Hsp70s, MT Hsp70s, and CP Hsp70s) is
difficult because there was limited information about other
types of Hsp70s of brown algae and other algae. The
relationships displayed in the phylogenic tree were in
general agreement with traditional taxonomy.

Expression Levels of LJHsp70 Under Different Heat Shock
Temperatures

Real-time quantitative PCR was used to investigate the
expression levels of LJHsp70 under various stress conditions.
The mRNA expression levels of LJHsp70 under different heat
shock temperatures were shown in Fig. 3. The mRNA
expression of LJHsp70 could be detected under different

Fig. 1 Nucleotide and deduced
amino acid sequences of
Laminaria japonica heat shock
protein 70 cDNA. An asterisk
below the last three nucleotides
indicates a stop codon. Hsp70
signatures motif-1, motif-2, and
motif-3, highly repeated
sequences of CAA, and degen-
erate repeat of tetrapeptide
GGMP are underlined
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temperatures for 1 h, but the mRNA expression levels of
LJHsp70 were different. In 5°C, 10°C, or 15°C treatment
groups, the expression level of LJHsp70 was relatively low.
The expression level of LJHsp70 at 30°C for 1 h was
twofold higher than that of treatment group at 10°C for 1 h.
However, the expression levels of LJHsp70 of L. japonica
sporophyte at 35°C or 40°C for 1 h were lower than those at
25°C or 30°C for 1 h. According to the results of different
heat shock temperatures for 1 h, the expression level of
LJHsp70 was highest at 30°C for 1 h.

Expression Levels of LJHsp70 at Different Heat
Shock Times

In our experiment, juvenile L. japonica sporophyte died when
the organism was kept in high temperature (over 30°C) for
long time (over 6 h). Thus, the mRNA expression levels of
LJHsp70 at 25°C for different times were investigated how
different heat shock times affect the expression levels of
LJHsp70. The results were shown in Fig. 4. In the experi-
ment, the control group was treated as stress groups except
that the control group was kept at 10°C. The expression level
of LJHsp70 significantly increased at 25°C for 1 h compared
to that of control at 10°C. After that, the expression level of
LJHsp70 increased slowly. The expression level reached the
peak after heat shock time for 7 h, which was three times
higher than that of control at 10°C. After that, the mRNA
expression level of LJHsp70 dropped slowly and returned to
low expression level after heat shock time for 12 h.

Expression Levels of LJHsp70 Under Different Salt
Concentrations

The expression levels of LJHsp70 at different salt concen-
trations for 2 h were detected, and the results were shown in

Fig. 5. The expression level of LJHsp70 at 35‰ or 40‰ salt
concentration for 2 h was not significantly different from that
at 30‰ salt concentration for 2 h (P<0.05). Compared to the
expression of LJHsp70 at 30‰ salt concentration for 2 h, the
expression level of LJHsp70 at salt concentration lower than
25‰ increased significantly (P<0.05). The expression levels
of LJHsp70 at 0‰ or 5‰ salt concentration was almost
twofold higher than that at 30‰ salt concentration for 2 h.
The results showed that L. japonica had strong stress
response to low salt concentration.

Discussion

Many molecular biological researches on macroalgae are
hindered because it is difficult to isolate high-quality DNA
and RNA from macroalgae, which are rich in phenolics,
polysaccharides, and other compounds (Sharma et al. 2002;
Joubert and Fleurence 2005). The lack of genomic
information on macroalgae is another disadvantaged factor
for molecular research in macroalgae (Collén et al. 2007).
So far, no full-length cDNA gene in Phaeophyta has been
cloned and analyzed. L. japonica is a typical seaweed in
Phaeophyta suitable for genetic, physiological, and molec-
ular biological researches.

Organisms, especially for non-mobile organisms such as
seaweeds, in nature have adapted to various harsh habitats
and developed several mechanisms to withstand environ-
mental stresses, such as behavioral adaptations, morpho-
logical changes, physiological regulations, and biochemical
and cellular specializations. Hsp70s have received attention
in marine organisms as a kind of biomarker of stresses
because their expression is highly variable in the presence
or absence of stimuli (Dahlhoff 2004; Ireland et al. 2004).
Several studies have confirmed the rapid expression of the

Fig. 1 (continued)
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Hsp70 family in aquatic organisms as a result of osmotic
(Smith et al. 1999), heavy metal (Geraci et al. 2004; Piano
et al. 2004), and thermal stress (Piano et al. 2002, 2004),
but there was little research about the expression levels of
macroalgae Hsp70s in the presence of stress factors. The
goal of the study was to clone full-length cDNA of

cytosolic LJHsp70 and study mRNA expression levels of
LJHsp70 in various stress conditions.

The first full-length sequence of cytosolic LJHsp70
cDNA in Phaeophyta was cloned using RT-PCR coupled
with 5′ and 3′ RACE. The full-length cDNA of the
LJHsp70 gene is 2,918 bp, which encodes a polypeptide
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Fig. 2 Phylogenetic tree of heat
shock protein 70 family mem-
bers constructed with the
neighbor-joining method.
Numbers at each branch indicate
the percentage of times a node
was supported in 1,000 boot-
strap pseudoreplications by
neighbor joining. Accession
numbers are shown in
parentheses. Designated naming
system of Hsp70s of
T. pseudonana, C. reinhardtii,
O. lucimarinus, O. tauri,
C. merolae referred to criteria of
Renner and Waters (2007)
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of 657 amino acids with several highly conserved func-
tional motifs, such as three conserved Hsp70 family
signatures, an N-terminal adenosine triphosphatase
(ATPase) domain, a substrate-binding domain, and a highly
variable C-terminal domain. It was interesting that in 5′
untranslated region of LJHsp70, there was highly repeated
sequence of CAA and rich content of nucleotide C and A,
which existed in nucleotide sequence of U. pinnatifida
Hsp70 (accession number FJ375361), but did not exist in
nucleotide sequences of other Hsp70s. The meaning of
highly repeated sequence of CAA in Hsp70 of L. japonica
and U. pinnatifida should be further studied. At present, the
unique motif for the cytosolic Hsp70 group in three brown
algae (L. japonica, U. pinnatifida, and F. serratus) is EEID,
which existed in the cytosolic Hsp70 of T. pseudonana.
Similar with sequences of other cytosolic Hsp70s, there was
degenerate repeat of tetrapeptide GGMP in the amino acid

sequence of LJHsp70, and the conservation of the N
terminus was higher than the C terminus. The sequence
alignment, structure comparison and phylogenetic analysis
suggested that LJHsp70 was a member of the cytosolic
Hsp70 family.

For nearly all organisms studied, a typical heat shock
response pattern has been observed with maximum stress
protein expression at 10–15°C above optimum growth temper-
ature. L. japonica usually grows in cold-water zones, and a
temperature range from 5°C to 15°C is suitable for its growth.
In suitable growth condition, the expression levels of Hsp70s
in organisms are always low. Therefore, for a typical heat
shock response, maximum LJHsp70 expression would be
expected in the range 25–30°C, and this is what was observed
in the work. When treatment temperature was higher than
normal growth temperature over 15°C, the enzyme-related
mRNA synthesis and expression of L. japonica were
immediately deactivated or strongly inhibited. As a result,
the mRNA expression level of L. japonica sporophyte
LJHsp70 at 35°C or 40°C for 1 h was lower than that at
25°C or 30°C for 1 h. Salt concentration is an important factor
that affects the physiological condition and metabolism of
algae in natural environment (Gimmler 2000; Li and Brawley
2004; Iwamoto and Shiraiwa 2005). In natural environment,
L. japonica generally grows in seawater with salt concentra-
tion about 30‰, but different rainfall and river flow to sea in
different seasons affect the salt concentration of estuaries and
offshore where L. japonica inhabits. Thus, L. japonica
confronts salt concentration stress during the period of growth.
In the study, the mRNA expression levels of LJHsp70 were
different at different salt concentrations. Our results suggested
that the LJHsp70 gene was expressed in response to thermal
stress, heat shock time, and salt concentration challenge and,
therefore, may play an important role in the response of stress

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

5 10 15 20 25 30 35 40

Temp. (°C)

R
el

at
iv

e 
ex

p
re

ss
io

n
 l

ev
el

 o
f 

L
JH

sp
7

0

c 

c 

c 

b 

a 

b 

b 

b 

Fig. 3 LJHsp70 mRNA expression levels relative to β-actin mRNA
levels under different heat shock temperatures for 1 h analyzed by
real-time quantitative RT-PCR
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Fig. 4 LJHsp70 mRNA expression levels relative to β-actin mRNA
levels in different heat shock times at 25°C analyzed by real-time
quantitative RT-PCR
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environment. Therefore, LJHsp70 may be a kind of potential
biomarker of stress and can be applied to monitor environ-
ment conditions.

It is worth emphasizing that all results presented in this
study represent short-term acclimation of L. japonica in
laboratory, and the expression of LJHsp70 was affected by
more complex natural environmental factors. Due to different
components of cells between young and older sporophytes,
the expression level of LJHsp70 in young sporophytes may
be different from that of older sporophytes.
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