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ABSTRACT

Heat shock protein 70 (HSP70) is a class of highly conserved proteins
which isinvolved in essential functions as molecular chaperones and in
the acquired tolerance processes. The HSP70 family of proteinsisencoded
by two genes, a heat shock cognate 70 (Hsc70), and an inducible heat
shock protein 70 (Hsp70) gene. In this work, the cDNA of Chinese soft-
shelled turtle Pelodiscus sinensisHsp70 (designated PS-Hsp70) was cloned
by the techniques of homological cloning and rapid amplification of cDNA
end (RACE). Thefull length of PS-Hsp70 cDNA was 2365 bp, consisting of
ab'-terminal untrandated region (UTR) of 64 bp, a3’ -terminal UTR of 393
bp, and an open reading frame (ORF) of 1908 bp encoding a polypeptide of
635 amino acids with atheoretical molecular weight of 69.81 kDa and an
estimated isoelectric point of 5.37. BLAST analysisrevealed that the PS-
Hsp70 gene shared high similarity with other Hsp70 genes. Three classical
Hsp70 family signatures sequences were found in the PS-Hsp70 deduced
amino acid sequence by InterPro analysis. The results indicated that the
PS-Hsp70 was a member of the heat shock protein 70 family. A semi-
quantitive RT-PCR method was used to anal yse the ti ssue specific expression
of PS-Hsp70. The spatial mMRNA expression of PS-Hsp70 gene were
congtitutively in the Pelodiscus sinensis tissues including muscle, liver,
ovary, testis, kidney, spleen, lung and heart, with the highest level in testis.
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INTRODUCTION

Heat shock proteins (HSPs) are the most abun-
dant and highly conserved multigenic superfamily which
are phylogenetically conservedinall living organisms
from bacteriato humang¥. They areafamily of pro-
teinsthat protect organismsfrom environmentally in-
duced cellular damage with multiple chaperonefunc-

tionsand their expression can be up-regulated by vari-
ousphysologica perturbationsor sressors, suchashigh
temperature, oxygen radicals, toxinsand other stres-
sord?. In addition, HSPsare of great importanceinthe
modul ation of theimmune system, and have beenre-
ported to play important rolesin antigen presentation
and cross-presentationin recent years3.

Those HSP proteinshave been classifiedinto sev-
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erd familiesaccordingto their gpparent molecular mass,
such as Hsp90 (85-90 kDa), Hsp70 (68-73 kDa),
Hsp60, Hsp47 and low molecular mass Hsps (16-24
kDa)*4. Of these proteins, Hsp70 has been studied
extensively becauseof itsessentid rolesin protein me-
tabolism under normal and stress conditionsfunction-
ingasamolecular chaperond?3. Hgp70 can beinduced
by various chemica sand biological stressessuch as
heat shock, oxidative stress, heavy metds, viral and
becterid infections, crowding andinflammeation*+9. The
Hsp70 family of proteinsis encoded by two genes, a
heat shock cognate 70 (Hsc 70) gene, and aninducible
heat shock protein 70 (Hsp70) gene. Genedly, Hsc 70
iscongtitutely expressed in unstressed cellsbut dightly
induced uponwhereas Hgp70 transcript occursat very
low levesinungressed cdlsbut isgreatly induced upon
exposureto stresg” 8.

Many cDNAs encoding Hsp70 or Hsc70 have
been described in different animals species, including
mollusks?, amphibid*®*?, crustaceans™® and fished”.
However, the studies on Hsp70 mMRNA expression
level interrapin animalswere scarce. Chang et al .*4
provided thefirst evidence of increased Hsp70 ex-
pression in painted turtle myocardium subjected to a
12 hforced dive, but they did not distinguish the con-
stitutive (Hsp73) and inducible (Hsp72) isoform. Scott
et a . reported anincreasein the expression Hsp72
but not Hsp73in brain, heart and skeletal muscle of
western painted turtlesforce-dived for 24 hat 17°C.
Similarly, Ramagliaand Buck*¥ investigated the ex-
pression of thecongtitutiveHsp73 andinducibleHgp72
intissuesof theanoxia-tolerant western painted turtle
Chrysemys picta bellii in response to forced dives
and following 1h recovery. Li et al.l* identified an
hsc70 gene in Chinese soft-shell turtle Pelodiscus
snensisfor thefirst time. To date, inmost caseswhere
Hsp70 has been used as a biomarker, protein mea-
surements have been used. However, thereisno gene
transcription information of PelodiscussinensisHsp70
(designated PS-Hsp70) avail able, which could theo-
retically provide for an earlier and more sensitive
method of analysig”.

Soft-shelled turtle (Pelodiscus sinensis) isacom-
mercialy important aguati c reptil e species because of
itshigh nutritional and medicinal valueinAsian coun-
triesincluding China, Japan and Korea. Inrecent years,

thefarming of thisspecieshasdevel opedrgpidly inChina
with ayield of more than 265,721 tons in 201008,
However, adverse environment conditionssuch aswa
ter pollution and temperature change may causeim-
munesuppressionin oft-sheled turtles, thusincreasing
susceptibility to disease and in turnresulting in high
mortality™. Sincethe Hsps have theabove multiple
functions, itisbdieved that understanding theresponse
of Pelodiscussinensisto environmental chalengecan
provideusfurther information of anti-stressmechanism
inturtles’ culturing industry and help us select appropri-
ate biomarkersto evd uate the environmental impact,
and devel op strategiesto control diseases. Themain
objectives of the present study wereto clonethein-
ducibleHsp70 genefromtheliver of Pdlodiscussinenss
andtoinvestigate the expression pattern of Hsp70 gene
inthetissues.

MATERIALSAND METHODS

Turtlesand samplescollection

About 10 hedlthy adult Chinese soft-shell turtles,
Pelodiscus sinensis (1 year old, body weight of 500 +
209) wereobtained from acommercia turtlefarmin
Zhgjiang, China. Turtles were raised in cylindrical
aguaria(90cm Length, 70cm diameter), for 2 weeks
prior to processing. Therewere5individualsin each
aguarium. Water temperature was maintained at
28+0.5°C by a thermo-controlled heater. For gene clon-
ing and mRNA expression analysis, theturtleswere
sacrificed and different tissueswere quickly dissected,
frozeninliquid nitrogen, and stored at -80°C until fur-
ther andysis.

Oligonucleotidedesign

Oligonucleotideprimersfor theamplification of the
PS-Hsp70 cDNA were designed based on the con-
served sequence of the known Hsp70ssuch asAmeri-
candligator andlizerd. Theprimersaregivenin TABLE
1. Those primersused for amplification of the 5 ends
of thePS-Hp70 cDNA weredesigned fromtheHsp70
subclone sequence (TABLE 1). The B-actin primers,
which served asareferencefor theloading amount of
total RNA of thetissues, were designed based onthe
Pelodiscus sinensis B-actin sequence (GenBank ac-
cessionno. AY 998617.1).
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TABLE 1: Theprimersused for HSP70 gene cloning and expression in Pelodiscussinensis

Primer Sequence (5'—3') PCR objective
Hsp70F1  CCCAAGTAATGCCCTTTTCG
cDNA homolog cloning
Hsp70R1  CCCAAGTAATGCCCTTTTCG
3'RACE1L GAGACTTACAAGGCGGAGGATGA
3'RACE
3'RACE2 GCAGACCGTAGAGGACGAGAAG
5RACE1  TCGATACCCAAGGACAGAGGAGT
5'RACE
5RACE2  TGCACGTTCTCAGACTTGTCCC
Hsp70F2 GACAAGAGCACGGGTAAAGA
Hsp70R2 CTGACCACCTCCTGGCATTTG
RT-PCR
B-actin F AACTGGGATGACATGGAGAAGA
B-actin R AACATGATCTGGGTCATCTT

Total RNA isolation and synthesis of the cDNA
first strand

Total RNA wasisolated from the examined tissues
(weight 50 mg) of the turtles using TRIzol reagent
(Invitrogen, CA, USA) following the protocol of the
manufacturer, and resuspended in DEPC-treated wa-
ter and stored at —80°C. RNA concentration and qual-
ity were assessed by spectrophotometry and 1% aga-
rose gel eectrophoresis. The cDNA was synthesized
from 2 ug of total RNA by M-MLV reverse tran-
scriptase (TaK aRaBiotechnology, Dalian) at 42°C for
1 hwith OligodT primer following the protocol of the
manufacturer. The cDNA wasused asthetemplatefor
PCR reactionsingenecloning and expressonandyss.

Genecloning and sequencing

Initially, PCR was performed using the cDNA pre-
pared above astemplate, with the degenerated primers
of Hsp70 F1 and Hsp70 R1 (TABLE 1) designed ac-
cording to the conserved regionsof other known Hsp70
gene sequencesin order to obtainthe partia fragment
of Hgp70 genefrom theturtle. Theobtained PCR prod-
uctswere separated by 1.2% agarose gdl e ectrophore-
s, and then purified by PCR purificationkit. The puri-
fied PCR product wasligated withthepMD18-T vec-
tor (TaKaRaBiotechnology, Daian), and transformed
into the competent Escherichiacoli cells. Thepostive
cloneswere sent for sequenceing. Sequences gener-
ated wereanayzed for similarity with other known se-
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quences using the BLAST programs (http://
www.nchi.nim.nih.gov/).

3 and 5' rapid amplification of cONA end

Rapid amplification of cONA end (RACE) tech-
nique was used to extend the cDNA end of Hsp70
sequenceincludingthe 3- and 5'-UTR in accordance
to the procedures of 3'-Full RACE Core Set and 5'-
Full RACEKit provided by the manufacturer (TaKaRa
Biotechnology, Dalian), using gene-specific primers
showninTABLE 1.

For 3' RACE, 2 uL of RT product was then ampli-
fied by PCR with nest forward primer (3' RACE1 and
3 RACE2) of the obtained partid sequenceof the Chi-
nese soft-shell turtle and adaptor primer (TABLE 1).
After aninitial 3 mindenaturation at 94 °C, 30 cycles
were performed asfollows: 30 sdenaturation at 94 °C,
30 sannealing at 55°C and 2 min elongation at 72 °C
followed by afind 10minat 72 °C. The obtained PCR
productswere separated on 1% agarosegel, and then
purified. Thepurified PCR product wasligated using
TaKaRaDNA Ligation Kit (TaK aRaBiotechnol ogy,
Ddian), and transformedinto E. coli competent cells
JM 109. Therecombinantswereidentified through blue-
white colour selection and screened with M 13 primers.
The positive cloneswere then sequenced.

For 5'RACE, thefirst strand cDNA obtained was
tailed with poly (C) at the 50 ends using terminal
deoxynucleotidyl transferase. Outer PCR was per-
formed with primer 5' RACEL and Outer Primer. The
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PCR temperatureprofilewasinitid 3 mindenaturation
at 94 °C, 30 amplification cycles were performed as
follows: 30 sdenaturation at 94 °C, 30 s annealing at
60 °C and 2 min elongation at 72°Cythen afina elon-
gation at 72 UC for 10 min. Inner PCR was performed
with primer 5’ RACE2 and Inner Primer. The PCRwere
performed under hot-gtart condition (94 °C, 3min) with
TaKaRa LA Taq (TaKaRa) for 30 cycles of 94°C (30
s), 60°C (30 s), and 72°C (2 min), and then 10min at
72°C. Finally, the products were gel-purified, cloned
and sequenced asfor 3' RACE.

Sequenceand phylogeneticanalysis

Thesmilarity andyssof nucleotideand protein se-
guencewas carried out by using BLAST program at
NCBI (http://ncbi.nim.nih.gov/BLAST). Multiple se-
guences alignments were performed using the
CLUSTAL W program a the European Bioinformatics
Ingtitute (http://www.ebi .ac.uk). The motif sequences
were searched using the InterPro software. A phyloge-
netic treewas computed using M EGA4 software ac-
cording to the neighbourjoining (NJ) method based on
the sequences of PS-Hsp70 and other known Hsp70
Sequences.

Semi-quantitative RT-PCR analysis

Thenorma mMRNA expressionlevelsof PSHsp70
geneindifferent tissueswere measured by semi-quan-
titative RT-PCR. Threeturtleswere sacrificed and total
RNA wasisolated as described above, from various
tissuesincluding muscle, liver, ovary, testis, kidney,
gpleen, lung and heart. Thesameamount of total RNAS
(100 ng) from each tissue was reverse transcribed to
first-strand cDNA. Two PS- Hs070 gene-specific prim-
ersHsp70F2 and Hsp70R2 were used. Two turtle -
actin primers Fand R were used to amplify afragment
asaninterna referenceto cdibratethe cDNA template
for corresponding samples. PCR was conducted ina
Mastercycler pro S (Eppendorf, Germany) ina20 ul
reactionvolumecontaining 2 ul of 10xPCR buffer (plus
MgCl,), 1.6 pl of NTP (2.5 mmol 17), 1ul of each
primer (10 pmol ul?), 0.2ul of Taq polymerase
(TaKaRa, Japan), 1ul of cDNA product, and 13.2 ul
of ddH,0. The PCR conditions for PS-Hsp70 gene
were 94°C for Smin followed by 33 cycles of 94°C for
30s, 55°C for 30 s, and 72°C for 1 min. After the final
cycle, ssmpleswereincubated for afurther 10min at
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72 °C then held at 4°C prior to analysis. The PCR
conditionsfor B-actin gene were 94°C for 3min fol-
lowed by 30 cycles of 94°C for 30, 55°C for 30 s,
72°C for 1 min, and then an additional extensonat 72
°C for 5 min. The PCR products were revealed by
2.5% agarose gel electrophoresis. Thegelswerede-
veloped by ethidium bromide (EtBr) staining and
scanned using aGS-800 Calibrated Imaging Densito-
meter (Bio-Rad Laboratories Inc., USA). The data
obtained from RT-PCR analysisfor the expression of
PS-Hsp70 were subjected to one-way anaysisof vari-
ance using the General Linear Model (GLM) Proce-
dureof SAS. Significant differenceamong groupswas
shown as P<0.05.

RESULTS

cDNA cloning and sequencing of PS-Hsp70

The PCR product amplified by the degenerated
primerswasabout 684bp, and itsnucl ectide sequence
was significantly ssimilar to other knownHsp70s. PS-
Hsp70 gene-specific primers3’RACE1 and 3’RACE2
weredesigned to clonethe 3end of PSHsp70cDNA,
and afragment of 519 bp wasamplifiedusng 3 RACE
technique. By 5’RACE-PCR with specific primers of
5’RACELI and 5’RACE2, an 1150 bp fragment was
amplified. A 2365 bp nucleoti de sequencerepresenting
the complete cDNA sequence of PS-Hsp70 genewas
obtained by cluter andysisof theabove sequences. The
complete cDNA of the PSHsp70 genewas deposited
in GenBank under accession No. IN582024.

Characterization of PS-Hsp70

The sequence of PS-Hsp70 consisted of 2365 bp
includinga5-termina untrandaedregion (UTR) of 64
bp, a 3-terminal UTR of 393 bp with a canonica
polyadenylation signa sequenceAATAAA and apoly
(A) tail, and an open reading frame (ORF) of 1908 bp
encoding apolypeptideof 635 amino acidswith atheo-
retical molecular weight of 69.81 kDaand an estimated
isodectricpoint of 5.37. ThreeHgp70family signatures,
signature 1 (IDLGTTYSCV), signature 2
(IFDLGGXTFDVSIL) and signature 3
(IVLVGGSTRIPKIQK) werefoundin thededuced PS
Hsp70 amino acid sequences. The putativeATP-GTP
binding stemotif (AEAY LG) and theputative bipartite
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observed. Inaddition, thecytoplasmic Hsp 70 carboxyl
termind regionof EEV D wasd so highly conserved and
wasincluded at residues632-635 (Figure 1).
Homology analysisof PS-Hsp70
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Figurel: Nucleotideand deduced amino acid sequencesof PS-Hsp70 from Pelodiscussinensis. I n thenucleotide sequence
thelower caseindicates5' and 3'UTRsand theupper caseindicatesthe coding region. Thestop codon isindicated with an
asterisk and inthe3'UTR theconsensuspolyA signal isunderlined. Thecharacteristic Hsp70 family signaturesar eshown

2

ttattgttgacagacatttcaagttatgcatggagaactttgtttaccaaatgacttaaaaatatatttgccggtetggeatctgaaaactttggtaataaaa 2337

ttttttcctaacttaaagtcaatgtcaaaacagtttaattetgtitgtgcatagcaagetgaaagatetgctictatgtgettacaaagagaaggeagteca 2132
acttgataaggttagtaggagataagttaactcagatgctgatgetagtatictgaatgtigtetatatgttcatgtcttctctgaagegeccacttgatcg 2234

taaaaatacttaaagcaaaaaaaaaaaa
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with amphibians, 87% with fish and 92-94% with rep-
tiles

Based on the amino acid sequences of Hsp70, a
phylogenic tree was constructed using the program
MEGA 4.0 by the neighbor-joining method (Figure 2).
In general, speciesfrom the sameanimal classesare
clusteredinto groups, except theamphibiansand rep-
tiles. Reptile (Chinese soft-shell turtle Pelodiscus
sinensis and snake Oxyuranus scutellatus
scutellatus), which are closer to birdsand mammals,
divert from amphibiansand reptilesinthe phylogenetic
tree. In amphibians, Ranalessonae.

Clugterstogether withreptiles, while Xenopuslaevis
divertsfrom reptile, forming aseparate branch.

40 — Coturnix coturnix

Meleagris gallopavo

47
Gallus gallus

99 Anser cygnoides

a7 82 L Anas platyrhynchos

Taeniopygia guttata

7

Pelodiscus sinensis

93 L Oxyuranus scutellatus scutellatus

Ornithorhynchus anatinus

00 Oryctolagus cuniculus
% Homo sapiens
&1| Mus musculus
61L Ailuropoda melanoleuca

Xenopus laevis

Anolis carolinensis

S Alligator mississippiensis
100 L Ranalessonae

Salmo salar
_|: Oreochromis niloticus
53 Danio rerio

0%)6 OlDS DE)4 0:03 0532 0:01 OEJO
Figure 2 : A phylogenetic tree of Hsp70 family members
constructed with theneighbor -joining method
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Tissue specificity of PS-Hsp70 gene expression

A product of 262 bp of expected sizewasampli-
fied frommost of theexamined tissuesincluding liver,
heart, kidney, muscle, ovary, testis, lung and spleen.
ThemRNA expressonleve svaried sgnificantly anong
thetissues. Therewasahigh level inliver and testis,
lower inovary, muscle, soleen and lung, whilelowestin
heart (Figure 3).

DISSCUSSION

In this study, we determined the complete cDNA

M Mu Li Lu Ov Te Sp He

2.0
1.5
1.0

0.

7]

0.0
Mu Li Lu Ov Te Sp He

Figure3: Semi-quantitative RT-PCR analysisof Hsp70 ex-
pression in various tissues of Pelodiscus sinensis. M, DL
2000 marker; Mu, muscle; Li, liver; Lu, lung; Ov, ovary; Te,
testis; Sp, spleen; He, heart. -actin, which served asarefer-
enceof theloading amount of total RNA for each tissuewas
alsoincluded. PCR productsof cDNA wererevealed by 1.5%
agar ose gel electrophoresis

sequence of inducible Hsp70 gene from the Chinese
soft-shelled turtle (Pel odiscus sinensis), whichiscom-
mercidly cultured asahed th-promoting aquatic food
inAsian countries. Meanwhile, the Hsp70 was cloned
for investigating the diversity of itscDNA nucleotide
and deduced protein sequencein an ectothermic reptil -
ian speciesfor comparison with those of other verte-
brate classes, becausereptilesoccupy akey positionin
evolutionary history of thevertebrates®. Suchinfor-
mation isimportant for understanding the phyl ogenetic
diversity and evolution of Hsp70 moleculesin verte-
brates.

Thefull-length cDNA of the PSHsp70 geneis 2365
bp, which encodes a pol ypeptide of 635 amino acids
with severd highly conserved motifs, such asthree con-
served Hp70 family signatures, an ATP-GTPbinding
sitemotif and abipartite nuclear locdization signal se-
quence (Figure 1). Thetwo specific motifsindicative of
the PS'Hgp70 cytosoliclocalization: anon-organel lar
stress protein motif RARFEEL and acytosolic Hgp70-
specific motif of EEVD which is highly conserved
throughout al plant and animal Hsp70 family mem-
berg®2. Wang et al.[¥ were also suggested that the
PS-Hsp70 wasamember of theHsp70 family and also
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wasacytosolic Hsp70 homolog. The EEVD C-termi-
nal domainwasfoundinnearly al the speciesthat have
been reported and isthought to mediate interactions
with chaperones co-factorsand isinvolvedin binding
with other co-chaperones?l. In PS-Hsp70ino tet-
rapeptide GGXP repeats at the C-terminus was re-
vealed. In contrast, the previoudy identified Pelodiscus
sinensis heat shock cognate 70 (PS-Hsc70) gene con-
tained two repeats of GGM P, Theabsence of GGXP
repeatsin PS-Hsp70inthe present study wasin agree-
ment with previous studiesin mollusks®? and crusta-
ceand®d. At present, thereare no studies availableon
themolecular characterization of both theturtleHsp70
and turtle Hsc70 genes. According to the reports of
Simoncelli et a.® in Rana lessonae, most of the dif-
ferences between the Hsp70 and Hsc70 sequences
occurred withinthe C-terminal domain. Andit hasaso
been suggested that inmamma’ changes in the sequence
of thecarboxy terminus, including theo—helix subdomain
and thetetrapeptide GGX P repedts, could be partialy
responsblefor thefunctiona differences observed be-
tween inducible and constitutive HSP70 memberg?.
Such structura variations of Hsp70 and Hsc70 in
Pel odiscus sinensis may therefore affect the expres-
sionprofilesashypothesizedin other vertebrates® and
also explain the specific functions between them.

The Hsp70 family is agroup of abundantly ex-
pressed and highly conserved proteins. Multiple se-
guence alignment of PS-Hsp70 with other known
Hsp70 amino acid sequencesreveal ed that they were
highly conserved. To our surprise, inthe phyl ogenetic
tree of vertebrate Hsp70 proteins, the putative amino
acid sequence of PH-Hsp70 wascloser to that of the
birdsthan those of mammals, amphibianand reptiles. It
happensthat for turtle Hsc70 phylogenetic analysis,
turtleisalso phylogenetically closeto birds'?, which
indicatesthe close evol utionary rel ationship between
reptilesandbirds. Smilar resultswerefound with TSHp,
IgJ, and MyD88 genes?>?7 in exactly thesameanimal
and with Hsp70 and Hsp90 genesin other reptiles*?.
Thekaryotypesof birdsand turtle may explainthisphe-
nomenon. In the work of Matsudaet a3, it found
that homol ogy between theturtle and chicken chromo-
someswerehighly conserved, with thesix largest chro-
mosomes being amost equivalent to each other.

Inthe present study, tissue-specific differencesin

BioTechnology — o

levelsof inducibleHsp70wered so observed. Thehigh-
est expressionlevelswereintestisnot liver, thelowest
inkidney. Intermediatelevel swere detectedinliver,
heart, lung, ovary, and spleen (Figure3). Our findings
arealmost in agreement with thosefoundinred claw
crayfish?whichthehighest level isintedtis. Interest-
ingly, smilar resultswere al so observedinmammalian
inwhichthe highest expression level of another heat
shock protein family Hsp90 isalso intestis, such as
rabbits® and pigs®Y. Besides, Jiang et al.*? dsore-
ported that the highest expesssion level of Hsp90in
black tiger shrimpwasin ovary. Therefore, theconss-
tent high expressionlevelsof HSPsingonadsmay indi-
catethat HSPsplay aroleinthe sex determinationin
organisms. Further research isneeded to investigatethe
expression response of PSHSP70 geneto variousen-
vironmental stresses and to confirm the function of
HSP70in Pelodiscussinensis.
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