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HSP70 cDNAZ| open reading frame (ORF)= 1,917 bpE 639742 ot0| - itS A 2sto] #X}
2 % 70 kDalZ OZE|ACL HESHES HiF A0 ofs HSP RTAL 7

UAE 37FK| F8 signature motifs@t HEE T QIS QISIALE ASSE 248 Sst0 &
CHE7| HSP70 RXE Y2-O| Pomacea canaliculateRt 22 E{AE0 ZEtEICHE AMMS
SISIACt =2 AU F&2 ¥
7tSIA2M(p < 005), Ol= QAEX=RLS ot A= 2AHIESN OIHEM 2#8E £
2 ACE MzECL

We have identified a heat shock protein 70 gene from freshwater snail, Semisulcospira
coreana. The freshwater snail HSP70 gene encode a polypeptide of 639 amino acids. Based
on bioinformatic sequence characterization, HSP70 gene possessed three classical signature
motifs and other conserved residues essential for their functionality. The phylogenetic
analysis showed that S. coreana HSP70 had closet relationship with that of golden apple
snails, Pomacea canaliculata. The HSP70 mRNA level was significantly up-regulated in
response to thermal and salinity challenges. These results are in agreement with the results
of other species, indicating that S coreana HSP70 used be a potential molecular marker
in response to external stressors and the regulatory process related to the HSP70
transcriptional response can be highly conserved among species.

Keywords: Semisulcospira coreana&CH&7]), Heat shock protein 70(Z%ZTHH A,
Temperature(=<), Salinity(Z&)
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=2 4582 LUEIHE NGS dones2 =E 30| ZEE HSP70
cDNA TH| HiZS BLASTE 0|&3}t0] &ISHRAC Specific primer
pair set (FW: 5'-ATGGGATCGAATAAAGCTCC-3', RV: 5'-TTAGTCGA-
CCTCCTCCACGG-3)0fl fgt RT-PCR BEZ &30 HSP70 cDNA
TH HiES =OI5HALCt CHE7|QF TOHE Botol dadE Hu
EM6H7| 2IoiM BLAST searchesE ZASHRICE CLUSTAL W X
EJ#Z 0[85}0] Multiple sequence alignmentsE &5t SICtH
(Thompson et al, 1994). HSP702| THEHE T Q12 InterPro soft-
ware2 08310 25U CHHunter et al, 2009). Molecular Evolu-
tionary Genetics Analysis (MEGA) program (ver. 5.2)2 0|83}

neighbor-joining WE L2 HE4 245 HAISIRACE
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3. Total RNA == 8! (DNA £ ZFESHACE Nanodrop ND-2000 (Thermo Scientific, Waltham, USA)
ZHZEAE METIY SEE £HT T RNAE FSIACL

Xp=0f 2 FCHEE7| HSP70 RTAL mRNA HHE 24517 RNeasy Plus Mini Kit (Qiagen, Hilden, Germany)2t RNase-free
Qleh tET X HYT CHE7] JHM0IA of7to| =AE 22[5H DNase set (Qiagen)S O|&3t0] FI7PH 0l FH|ZH S TIASIACE

RNAiso Reagent (Takara Bio, Shiga, Japan)S O|23}0] total RNAZ ~ cDNA B2 PrimeScript RT reagent kit (Takara)S AE3H0] K=

Cga3333gCgaactcagctalagcalagcgaageagaagagalatctgcaagagegtgga-
tacacgtgactttctcaagcgaagactatcgtgaatacaccggcotgacggataaaaactgactcaatcaage
1 ATGGGATCGARTAAAGCTCCAGCCATCGGARTCGACCTGGGCACTACCTATTCCTGCGTGGGTGTATTCCAGCAC 75
M 6 S NKAPAIGIDLGETITTYSCV GV FOQH
76 GGTCAGGTGGAGATARTCGCCAACGACCAGGGACAGAGRACCACCCCGAGCTACGTGGCCTTCACGGACACAGAG 150
6 QVETITIANDO QG QRTTZ®PSYVATFTUDTE
151 CGACTGGTGGGAGATGCGGCGAAGARCCAGGCAGCCATGARCCCCGAARACACGGTGTTTGACGCCAAGCGACTG 225
R LV GDAAIEKUNUG QAZAMNTPENTV VT FDA AT KT RIL
226 ATCGGGCGGCGCTTTACCGACACCACCGTGCAGAACGACATGAAGCACTGGCCCTTCARGGTGGTCAGCGACGGE 300
I GRRF TDTTUVOQNDMEKT EH E®WEPTFZXUVUV S DG
301 GGCAAGCCCARAGTGCAGGTGACGTACAAAGGCGAGACGARGACGC TGGCCCCGGAGGAGATTAGCTCCATGGTG 375
6 K P XV Q VT YZ KGETIZ XKTIULAPTETETISSNMTV
376 CTGACTAAGATGAAGGAAACCGCCGAGGCCTACCTTGGTARAAAAGTCACGGACGCCGTCATCACCGTGCCCGCC 450
L T X M KETA ATE RZTYULGI X KV TDA AVYVTITUWVZPRA
451 TACTTCAACGACGCACAGCGACAGGCCACARAGGATGCGGGCGTCATCGCCGGACTGARCGTGCTGCGCATCATC 525
Y F N DA QR QATI KDA AG ZTIAGTLNTUVYVULR RTITI
526 AACGARCCTACGGCCGCCGCGCTGGCCTACGGACTGGACARGAACGTCAAGGGAGATARGCACATTCTCATCTTC 600
N E P T2 A ALAVYGLDI XNV KGDI KU HETITULTITE
601 GACCTTGGCGGCGGCACATTCGACGTGTCCATCCTGAACATCTCCGAGGGTTCACTG4 TITGAGGTGARATCCAC 675
DL GGG66TFEDVY S I L NTISEGSTLTEFETVTVTE KS ST
676 TGCGGGAGACACGCACCTCGGCGGCGAGGAC TT TGACAGCCGCATGGTGARTCACTTCTGCGAGGAGTTCAAGCG 750
A G DTHLGGETDTFEFDS SR RMVYDNETFTCETETFHZXR
751 CAAGTACAAGAAGGACATCAGCGGCAACGCTCGCTCCATCAGACGTCTGCGCACAGCCTGTGARCGCGCCARACG 825
K ¥ XX DI S G N AR STIRRILURTA ATCGCET RS ATIKR
826 CACGCTATCCAGCAGCGCCGAGGCCAGTATCGAGATCGACTCTCTGTACGATGGTGTCGACTTCTACACACGTAT 900
T L S 8 38 AEA S IETIDS STLTYDGV Y DTFJYTRI
901 CACCCGCGCARGATTCGAAGAGCTGTGTGCCGACCTGT TCCGCCACACCCTGGAGCCTGTGGARCAGGCCTTGEG 975
T RART FETETLGCA ADTLTEFRIETTLETPVES QA ATLR
976 AGACGCCAAGCTGGACAAGCGACAARTCGACGAGGTGGTGT TGGTGGGCGGGTCTACACGCATCCCTCGCGTCCA 1050
DAXKLDI KR RAGQIDEWU VLV G6GSTRTIZPEPRUYDOQ
1051 GAAACTGTTGCAGGAGTTCATGGGCGGCAARGAGC TCAACARGTCCATCCACCCTGACGAGGCTGTGGCATACGG 1125
K L L QE F ¥ 6 G KELNJZXSZS3TIUEHEZPUDTEHZ ZVTYATYG
1126 AGCTGCTGTACAGGCCGCCGTGC TGAGTGGCGACACGAGTGAAGCCATCCGTGACGTACTGCTGGTCGACGTGGE 1200
A AV QARAVLSGDTSEHSRZTIRTDVYTULTLTYHDVA
1201 TCCTCTCTCGCTTGGCATCGAGACTGCAGGTGGTGTGATGACAAGACTGGTGGAGCGGRACACCACCATCCCARC 1275
P L SLGIETA AGS G VMTZXTLVYVETRNTTTITZPT
1276 A2AGACATCCCAGGTGTITCACCACGTACTCCGACARCCAGCCGGCCGTGACCATCCAGGTGTACGAGGGTGAGCG 1350
K TS QVFTTJVYSDNA QEPA AVTTIAOQVYESGTER
1351 TGCCATGACCAAGGACAACAACCTGC TGGGTCGTTTCGAGC TGACCGGCATCCCTCCCGCCCCACGOGGLGTGCC 1425
A M T X DNNULLGRTEZELTGTIU PP ATZPTR RTGTUYP
1426 CCAGATTGAGGTCACATTCGACATCGACGCTAACGGCATCATGAAGGTGACAGCGCAGGACAAGAGCACGGGCAA 1500
Q I EV T FDTIUDA AUNGTIMMEKTYTA AQDZE K STG K
1501 GTCGTCCAACATCATCATCARGAACGACAARGGGCGCCTCAGCARARGAGGACATTGACCGCATGGTGCAGGATGE 1575
3 8 NI I I KNDJ KGR RIULSIEKTEDTITDRMTYGQDR
1576 CGAGARGTACCGCGCTGAGGATGAGAAACAGCGAGAACGCGTGGATGCCCGCARCARACTGGAGGCATACGTGTT 1650
E XK Y R A2EDEJ XK QRETRTYDA ARDNNIEKTLTEA ATYTUVTF
1651 TAGCGTACGTCAGGCCCTGAGTGACGTGGGCGACARGCTGAGCCAGCAAGACARAGACGCAGCCACCAGARCCTG 1725
S VR QALSDVGDH HLSQXDI XD A ATT RTSC
1726 TGACGACACGCTGAGC TGGCTGGACAAGAACTCGCTGGCCGAGAAGGARGAGT TTGAGGACAAGCTGCGCGAGGT 1800
D DTLSWUL1IDI XN SLAET KTETETFTEDTZEKTLTRTEYV
1801 ACAGARGACGTGCTCGCCTATCATGGCCAAGCTGCACGGCGCGGGACGCGACCAGTCTTCGGCGGGAGGATCACA 1875
Q KT C 3 P I MAKTULEBEBGA AGT RUDUG QSSS2ae6e6e 8 @
1876 GGCCGGTGGACACCGC TCGGGACCCACCGTGGAGGAGGTCGACaa 1922
A G G HR 8 G P TVEEUVD
cttgtagcccgttttcttttgogocattggacattagatcatattattatgtatcatggac—
tattagtgctatcagcatacgottaaattttgtgogttgatgtatccgocaatttcaacgtgagactgticaacsge
accggttgtgcataacagactgttcggattgtgtagaacattgatgagcaagacatgocacattrttggaatctece
gaaactaaagtgtttccgacgtttocaaaaatttgttttgotoatcagtatactitacggocagataatataacste
ctgaaatccgtcaatgaactatgttgoccggtgaagtgagacttgggtgtgaccgaggacagtttaacatgtggeca
gtatactgttgattggaactgagtgttgtatcaagtgtgatagtgagcacactggttgccacoctccatoctotace

Fig. 1. Nucleotide and deduced amino acid sequence of Semisulcospira coreana HSP70. The conserved three signature motifs are
shaded.
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4. Quantitative real-time RT-PCR (qPCR)
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Fig. 2. Multiple amino acid sequence alignments of S coreana
HSP70 along with those from other selected species. Asterisks
indicate identical residues and gaps introduced for optimum
alignments, respectively. The three signature motifs, the putative
ATP-GTP binding domain (AEAYLG) and nonorganelle eukaryotic

consensus motifs (RARFEEL) are upperlined.
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HCHE7| heat shock protein (HSP) 70 ¢cDNA

1.
QEXS| XY 5

HrCt&7|el of7td] ZRECZHE heat shock protein 70
(scHSP70) cDNAE &2[5t0] 2ArdEsty Sd5 45t
HSP70 cDNAZ| open reading frame (ORF)& 1,917 bpE 6397Y
9| ofi|lcitg ABISH0] EAME2 & 70 kDalZ O ZE|ALH
(Fig. 1). &CHE7| HSP702| deduced amino acid sequences ‘JE&
OilAl 37H2| signature motifs (11-18 aa, IDLGTTYS; 199-212 aa,
IFDLGGGTFDVSIL; 337-351 aa, VWLVGGSTRIPRVQK)7} 2+l E| Ao
Ol= EE HSP70 familyofl A 02 & EZE SHo= L2
Ct. Cytoplasmic HSP702| C REH0l= consensus EEVD tail (636-
639 aa)0| ZOIT|RACt 0|20 = FIFHOZ putative adenosine
triphosphate (ATP)-guanosine triphosphate (GTP) binding domain
(AEAYLG)2} potential nonorganelle eukaryotic consensus motif
(RARFEEL)®} gylocosylation domain (NKSI)O| &I | ALt Multiple
sequence alignment 23, JLYO| £ canaliculate?t BI=EHO|
Biomphalaria glabrataRt= 847%2t 79%, =& &&dS LEHY
1 CHE Bt RARSH 45dE LEHATHT2~80%) (Table 1,
Fig. 2). t£2F OtL2t HiZ 2 Mt #2H £ M HEtE7|
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Fig. 3. Phylogenetic tree of HSP70. The freshwater snail, S. coreana sequences cloned in the present study are indicated by thick black
arrows. The neighbor-joining method with 1,000 bootstrap replications was used to generate the tree.
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Fig. 4. The mRNA expression of scHSP70 in gill tissue of S
coreana after heat challenge by gPCR method. The experiment
was performed in triplicate, and different letters indicate significant
differences at p < 0.05.
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Fig. 5. The mRNA expression of scHSP70 in gill tissue of S
coreana after salinity challenge by gPCR method. The experiment
was performed in triplicate, and different letters indicate significant
differences at p < 0.05.
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