M%7 Chinese Journal of Zoology 2016, 51(2): 268 ~ 280

SLYNEH hsp70 A4 FHRFAE L HoRT
12 5 N R B

4 B e 2N *
K BY BRAEYY HERY AR
O BRURNKFLHHNEEE T8 214081 @ HhEKF=RIERFFT G KMV O,
AR AN SR IR SR s BB 214081

WE. B RWEHER cDNA Kugtidy ¥ (RACE) HiARIKEL 7 &1 (Alosa sapidissima) FN %
HH 70 (hsp70) 4K cDNA Fp41l, HEKJEH 2545 bp, JFHLEEHE (ORF) 24 1914 bp, 4
fith 637 M R, HLRIER I RIS HSPT0 KR 3 MEFHEFH . S IERR R EHT Won, 26
M hsp70 SR VGEF R (Astyanax mexicanus) 5 SSIARBIEIL 84%LL b, LCEHES) YRR
(Drosophila auraria) % K#ATE (Escherichia coli) fRIAHALLIES 51k 73%F1 38%. 5¢5'¢ ¢ = PCR K il
WoR, ZAEREIEPNEEE . LA KB eERIs, ERRLO AR s RS, R MR . B
Fik . R TeSE 8 PCR J7iAMF S Y N o6 S5 P il A 28 B HE 1Y) 5% M hsp70 mRNA 7T, #hia
s hsp70 mMRNA K 556 T i o BRI AR ka3, Sk hsp70 mRNA 7K1 S I a3
PG R 5o B B BE R4 5 AL hsp70 (ke s, 1T ELIEPHERGE . i SK'EFZHZU00 hsp70 mRNA )
BRI I S N R

KRB SN, AN 70, JERTORE: JERRE: BN

HESRS: Q786  EAFRIREG: A LELHS: 0250-3263 (2016) 02-268-13

Molecular Characterization of Hsp70 and Its Response to Transport

Stress in American Shad (Alosa sapidissima)

© © @ @*
ZHANG Yong” XU Gang-Chun®® DU Fu-Kuan® GU Ruo-Bo™?
(D Wuxi Fisheries College, Nanjing Agricultural University, Wuxi  214081; (2 Key Laboratory of Freshwater Fisheries and Germplasm
Resources Utilization, Ministry of Agriculture, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences,

Wuxi 214081, China

Abstract: American shad (Alosa sapidissima) belongs to Clupeomorpha, Clupeiformes, Clupeidae, Alosa. As
eurythermal, euryhaline anadromous and migratory fish, American shad and Chinese shad are not only very

similar in appearance and habits, but also have high nutritional value and economic value. American shad is
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extremely sensitive to changes in the external environment, vulnerable to the impact of environmental factors
change (such as sound, light, water physical and chemical factors, etc.) and the influence of manual operation
such as fishing, transportation, etc.

Heat stress proteins (HSPs), also known as heat shock proteins, are widely present in different species. It
is a family of non-specific cell protective proteins associated with resilience, and similar to a number of
house-keeping genes products. The heat stress proteins, especially the heat stress protein 70 (hsp70) family,
are highly conserved in evolution. It also has a variety of biological functions. As a molecular chaperone, it
assists proteins folding, assembly, transportation, and regulation, as well as repair of damaged proteins, and
disintegration of denatured proteins under stress. It can also protect mitochondria from cytokines damage, and
play an important role in anti-apoptosis, anti-oxidation and immune response. Hsp70 cDNA was cloned,
analyzed, and the expression level of hsp70 mRNA was detected in a variety of fish species, such as
bluntnose black bream (Megalobrama amblycephala), grass carp (Ctenopharyngodon idellus), silver carp
(Hypophthalmichthys molitrix), nile tilapia (Tilapia nilotica), roughskin sculpin (Trachidermus fasciatus),
bronze gudgeon (Coreius guichenoti), siberian sturgeon (Acipenser baerii), sword tali (Xiphophorus hellerii),
bastard halibut (Paralichthys olivaceus) etc. Studies show that the expression of hsp70 gene is regulated at the
transcriptional level. This study aimed to investigate the expression of hsp70 gene in American shad
broodstocks tissues and its differential expression before and after the transport stress, in order to rovide a
theoretical basis for resistance mechanism study of this species.

In this experiment, by means of artificial transportation stress, we took 6 tails as the transport 0 h
sampling, then collected 24 tails randomly into 12 bags, each containing 2 tails: 6 bags for 2 h transport stress
sampling, while the other 6 bags for 4 h sampling. The results were expressed by Mean = SE, and the
differences between groups were analyzed by One-way ANOVA. The full-length cDNA of hsp70 of American
shad was cloned by reverse transcription polymerase chain reaction (RT-PCR) and rapid amplification of
cDNA ends (RACE) methods. The results revealed that the length of hsp70 cDNA was 2 545 bp, containing
an open reading frame (ORF) of 1 914 bp specified a peptide of 637 amino acids. The secondary structures
contained three signature sequences of HSP70 family (Fig. 2). The homology analysis indicated that hsp70 of
American shad shared more than 84% identity with the hsp70s of other fishes such as Astyanax mexicanus, it
also shared as high as 73% and 38% identity with Drosophila auraria and Escherichia coli (Table 2). The
tissue-specific expressions of hsp70 mRNAs were detected. A high expression was observed in the gill,
muscle and head kidney, while relatively high expression was encountered in brain and heart, and a weak
expression was found in the liver, spleen, intestine and kidney (Fig. 4). Real-time quantitative PCR showed
that hsp70 mRNA content in gill and liver increased significantly after transport for 2 hours and then dropped
after transport for 4 hours (Fig. 5 and Fig. 6), while hsp70 mRNA showed an increasing trend in head kidney
(Fig. 7). These results suggest that our cloned gene is consistent with the characteristics of hsp70, and that the
hsp70 mRNA in gill, liver, and head kidney showed obvious response to transport stress.
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15 ecm /K, &H L. FAHHEME 1 RTHRR
HCHE K AR . SR IR K (21 +
0.5) C, ¥R KT 8 mg/L, pH K 7.8, EHK
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Synthesis Kit (TaKaRa, Code No. 6210A) [{Jfdi

FH 5 WK 343 0 5 RNA FE i S 85 5% 45 %
cDNA. Jx W1& % 4 : Oligodt Premer (1 mol/L)
1 pl. dNTP (250 mol/L) 1 ul. RNA K 5 pl.
T 3 ule N 4&AF: 65°C 5min, 4C
TREF. RNEHRIG, FHl 2 RNVAER: F
AR R YR B 10 pl. 5 > Preme
Script"Buffer 4 ul. RNase Inhibitor (40 x 10°
U/L)0.5 pl. Preme Script"RTase (200 = 10° U/L)
1 ul. RNase free dH,0 4.5 pl. W4 42°C
40 min, 70°C 15 min, 4C{#4F. MY E
T - 20°CUKFE TP R A H

1.42 hsp70 2K cDNA H7E&E 7 NCBI
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Ja 8 RACE IAERE, FRAT T TR 0514
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% PCR 374 hsp70 JEK F BL. RN AA R
25 pl: cDNA F54R 1 ul, 10 x Buffer 2.5 ul,
dNTP (10 pmol/L) 2 ul, El. KIN514
(10 pmol/L) %% 1 pl, TaKaRa Ex Taq i (5 x
10° U/L) 0.125 pul, FoHWFE/K 17.375 ul. PCR
PR 94°C 5min; 94°C 30s, 65°C 30s,
72°C 100 s, 10 MM (g —1E IR Kl [
ik 1°C); 94°C 30s, 65°C 30s, 72°C 100s, 10
AMES (iR IB KR FE RS 1°C); 94°C
30s, 63°C 30s, 72°C 100s, 20 MEH; 72°C
ZEMH 7 min, PCR P24 1%B b AER: (1 x
TAE FiiD ik, Andy Safe™DNA GelStain
e, 7E Tanon1600 #EE G A WS 411
VIR PCR 774, 1%+ pMD18-T %Ak -
k3] DH5 KT sz &40 . PCR A&
ffFHIE 519 M13. RVM, 51 H B P v e 5
T-37°C 220 r/min $558d (10~12h)o HH
WL R BTN A A FIT, Shras R, 14
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143 FtsE B PCRKI hsp70 3 B 78 35 Hhfi
REEHEKFAARBENIABR N
- TOCUKFE H U 6 2% 2 YN S5 40 1) 9 Fh s B
HLFES, 1 6 S5 AaAH R 2L 230 ol B 55
4, BT E RNA $#2HU ClnaiFrid). cDNA 3k
4% Prime Script™ RT reagent Kit with gDNA
Eraser (TaKaRa, Ki%E) A7 & HEE. W
P LA hsp70 HEK cDNA 418t 26 6 i &
1% F3 F1 R3 (& 1. WZSHKN p-actin, 5l
Y BL A B2 (3R L. P51 m bilgsE T4
WIHARAG PR A A

KA 9¢ 613547 Real Time PCR 4714
% . SYBR Premix Ex Taq™ T3 71 & i3t
i & S N AAZ, {E ABI 7500 PCR 1 (Applied
Biosystem, &) T4 E i PCR V.
PCR S 4544:: 50°C 2 min, 95°C 2 min; 95C
15s, 60°C 30's, 40 MM FE IRV 5 A
y: 95°C 15s, 60°C 1 min, 95°C 30's, 60°C

15s. FAFERER 3 K.
1.4.4 BHEMNESERHEE, FF hsp70 mRNA #l
E M- 70°CUKAETTHUEIZEH Ohy 2h, 4h K
FEIEE . JF. S ARES, BT IR i
1.5 gk

S HE v ] Excel 2010 FiI SPSS20 #E4T
G 2EH R, e REE Ris ] 27847
Tt E I I R E R, SR RN R =
#r (One-way ANOVA) Fil Duncan % & tb4 )y
AT BEWRR, 4R LOFME £ bRdEd
(Mean =SE) £7R.

2 ZRE5LH

2.1 SEYNEH hsp70 2L cDNA &K T8 KA #7
DL 55 ¥y cDNA 5k, PCR 43 hil3k 15
630 bp (1% 1a) #1000 bp B (B 1b).
M e45 30z BLAZ R ¢ %), /& NCBI
Chttp: //www.ncbi.nlm.nih.gov/blast) k4T
blastn, #fis X PIAN v BeIS 8 hsp70 JEDs 4ifith [X.
[R5 P51 P33 1 339 bp JP41), IRAF]
HEAT Wi RACE #3843 20 P 25 28, # LA E3R
1310 2 7 EAT BE A9 3 hsp70 BEPR 1) 42 G

R1 KBHTIVIFS

Table 1 Sequence of primers used in this experiment

514 Primer J7%1 Sequence (5'-3" i Usage
hsp70-F1 TGTCGTCACGGTGCCAGCCTACT i1 hsp10 &— ol f}ihﬁ g!%

Upstream primer for amplifying hsp70 core fragment
hsp70-R1 ~ CCACGTGGCGCAGGTGGAAT 48 hsp70 ReloJy BL Rk 519)

Downstream primer for amplifying hsp70 core fragment

b it AN
hsp70-F2 GACCTGGGCACCACCTACTCCTGTGT — J M hsp70 #L) BL il 514

Upstream primer for amplifying hsp70 core fragment

= e 50 R ER
hsp70-R2 CACCTCAAAGATGCCGTCTTCGAT 738 hsp70 £ L BT ’I.%.

Downstream primer for amplifying hsp70 core fragment
F3 AGAACAAGAGGGCTGTGAGGAGA hsp70 5& = L3754 Upstream primer for hsp70 quantification
R3 TCAATGCCATCAAAGAGCGAGT hsp70 72 & 74514 Downstream primer for hsp70 quantification
Bl AACGGATCCGGTATGTGCAAAGC p-actin 52 5 I JiF5 14 Upstream primer for p-actin quantification
B2 AACGGATCCGGTATGTGCAAAGC p-actin 5E i R 5|4 Downstream primer for -actin quantification
5'- RACE GGGTGTGGTCCTGTTTCC 5' RACE #5514 Specific primer for 5’ RACE
3'- RACE CGCAATACCACTATCCCGTCAAAACA  3'RACE }5 54514 Specific primer for 3' RACE
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Fig. 1 The amplification results of American shad
hsp70 cDNA by homologous cloning
a. 630 bp PCR /=4y yk 3l b. 1.000 bp PCR ™4y i ykAeriil o
a. Electrophoresis result of PCR products (630 bp); b. Electrophoresis
result of PCR products (1 000 bp).
M. DL2000 DNA 43 ¥ sk 1. 5. PCR BIHERS AR, A INAEAR; 2.
3. 4 BB

M. DL2000 DNA marker; 1, 5. Control; 2, 3, 4. Core fragment.

cDNA. hsp70 2E[H4xK 2 545 bp, SumdERiPE
[X_ Cuntranslated regions, UTR) 99 bp, 3’ - UTR
532 bp, JFIRFYELHE 1 914 bp, HEMIGNYS 637
ANEIERR, polyA INR(E 50 AATAA, HEA
HSP70 K45 /7%1 IDLGTTYS (9 ~ 16 aa),
IFDLGGGTFDVSIL ( 197 ~ 210 aa)> #
IVLVGGSTRIPKIQK (334 ~348aa) (] 2),
2.2 HEMFRVENE B SR 2T

it BLASTp 5 Z Fi AW HSP70 2 JE IR
JP AT R LE AR (3R 2) , el hsp70
KN R AR T 5 KA # - (Escherichia
coli) 1XA7 38%IMAHIAPESS, 53k 2 Praif i)
TR AT B = I IR, Ok 73% ~ 88%, ik
—BUESE T hsp70 BEL L4 i PR s

FH MEGAS.1 B, Hr Bid HExr &R %

A[#27%: (neighbor joining, NJ) , 42 1000

K, F%E Bootstrap K iiF i R (] 3)
PN hsp70 (K 5 A5 P4 BF IR ( Astyanax
mexicanus) &S REIT, JEEHFBE, g

(Monopterus albus) . ## (Miichthys miiuy) +
K#fh (Larimichthys crocea) JB a5 —4
Oy ARG a1 Sk, [ VR £
J4f (Tanichthys albonubes) . fi#ffi (Cyprinus
carpio) . fillfa (Carassius auratus) . By
(Danio rerio) JERAER AN, BHJE
AR, RWfY (Lates calcarifer) . i fa
( Siniperca chuatsi ) . 4L 1 i ( Lutjanus
sanguineus) 7 SCHIRVGAE: (Salmo salar)
IT % (Oncorhynchus mykiss) 432 3&[RI# % T
AW T — A3 XN RIS s T
BAESIPI) — 503 WFLsh Y A (Homo
sapiens) . Z K (Canis lupus familiaris) . K
. (Rattus norvegicus) + /it (Mus musculus)
IR TR MESIE ) — 3 3, TR HEShI IR
I (Drosophila auraria) FZEY) 6 K iAT
B U] 4 0l B B85 17 PR SR 005 2R 0 I AT 5
Lo
2.3 SEWNEN hsp70 EREARFALBRE TR
il

hsp70 JEPRIZESE. Jixi. JH L B O
KL B IR RIE . SRASER %
€ B PCR 20 At SS9 il hsp70 KEPRI7E -2 1)
AR ARG DL, AR Ik o 1, e
fifif hsp70 &R 7ELL 2R rh 104 & Hh v BN R 2k
B LA, L M. O BFL B L B (K
4) o Horr, Kbk B D T AR
Z1 (P<0.0D) , HIGENAMEE (P<0.05) .
24 BEEE N XN EA hsp70 HH
MRNA K& )0

SR Tk R 0SS U il i s 2 IR R} 7 AR AR S 1)
AT MG, FHIRI AR G IR, Ao
fif, BEE WAL, SREE A, s
HARYYES 2. RS e & EREER A i 3L 2
WIES L E IS . BHsEs 2 h BTN
8.3%, SLEGHEAT 4 h MBI %A% 70.8%, 5%
%5 5 h JEAET-HIK 100%, ] ULSE i 55 £ 12 Hin
VRV AN IS N TPt i

TEASLIIE AR M B R S0, S i
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GGGCCACGCGTTGAGTGGTGLGGGGEGGGGGTAGAGCTGGACGAGAAGCTGCAT TACTGAACAGACT TTTCATCTCAGT TTACACTGATAAGAGGG AACCCAAGGGACCAGCAGTT

MS K GP AV
GGCATTGACCTGGGGACCACCTACTCCTGTGTGGGGGTCTTCCAGCATGGCAAAGTAGAGATCATCGCCAACGACCAGGGAAACAGGACCACACCCAGCTATGTTGCCT TCACAGACTCG
G IDLGTTYSCVGVFQHGKYETITANDQGNTZRTTPSYVAFTDS
GAAGATTGATAGGTGATGCTGCAAAGAATCAAGTGGCAATGAACCCAACCAACACAGTCTTTGACGCCAAGAGGCTGATTGGGCGGCGGTTCGATGACACTGTGGTGCAGTCTGACATG
ERLIGDAAKNQVAMNPTNTVFDAKRLTIGRRTEFDDTVVQSDM
AAGCACTGGCCCTTTACGGTCATCAATGACTCGACACGGCCCAAGGTGCAGGTCGAGTACAAGGGCGAGACCAAGGCCTTCTACCCTGAGGAAATCTCCTCCATGGTGTTGGTCAAAATG
KHWPFTVINDSTRPKYQVEYE KSGETTI KAFYPEETILISSMVLVKHM
AAGGAGATCGCTGAGGCCTACCTGGGGAAAACTGTTACCAACGCTGTCGTCACGGTGCCAGCCTACTTCAATGACTCCCAGCGCCAGGCCACTAAAGACGCTGGAACCATCTCTGGCCTG
KEITAEAYLGEKTVTNAVYTVPAYFNDSQRQQATIEKDAGTTISGL
AACGTGTTGAGAATTATCAACGAGCCCACAGCCGCCGCCATCGCGTACGGCCTGGATAAAGGTAAAGGTGCAGAGAGGAACGTCCTCATCTTTGATCTGGGCGGTGGCACTTTTGACGTG
NVLRIINEPTAAATAYGLDI KSGEKT GAERNVLIFDLGGGTETDTV
TCCATCTTGACAATAGAAGATGGAATTTTTGAAGTGAAAGCAACAGCAGGAGACACGCACCTGGGTGGGGAGGACTTTGACAATCGCATGGTCCAACACTTTGTCGATGAATTCAAGAGG
sITLTIEDGIFEVEAMATAGDTHLGGEDFDNRMYQHFVYDETFEKTR
AMAACANMAAAGGACATAAGTCAGAACAAGAGGGCTGTGAGGAGATTGCGTACAGCATGCGAGAGGGCCAAGAGAATCCTGTCGTCCAGCACCCAGGCAAGCCTCGAGATCGACTCGCTC
KNEKKDISQNEKRAVRRLRTACERAKRTILSSSTQASTLETDSL
TTTGATGGCATTGACTTCTACACGTCCATCACCAGGGCACGCTTTGAGGAGTTAAACTCTGAACTCTTCAGGGGAACATTAGAACCAGT TGAAAAAGCCCTCAGGGATGCCAAAATGGAC
FDGIDFYTSITRARTFEELNSELTFRGTLEPVEZEKALTRDAIKNMD
AAGAGCCAGGTCCATGACATTGTGCTTGTGGGTGGCTCGACACGCATCCCTAAAATTCAAAAACTCCTGCAGGATTTCTTCAACGGTAGAGATTTGAATAGAAGTATAAATCCGGACGAG
KsSQVHDIVLVYGGSTRTIPEKTIA QEKTLTLOQQDFFNGRDILNRSTINPDE
GCAGTGGCATACGGAGCAGCTGTTCAGGCTGCCGTCCTCATGGGTGATACTTCAGAAAATGTACAGGACTTACTGTTGCTCGATGTTGCTCCACTTTCTTTAGGTATTGAGACTGCTGGA
AVAYGAAVQAAVYVLMGEDTSENVYQDLLLLDVYAPLSLGTIETAG
GGAGTCATGACACCCCTGATTAAACGCAATACCACTATCCCGTCAAAACAGACACAGATATTCTCAACATAT TCAGACAACCAGCCCGGTGTGCTGATTCAAGTGTATGAAGGTGAACGA
GVMTPLTIKRNTTTIPSEKQTQIFSTYSDNQPGVLIAQVYETGEHTR
GCCATGACCAAAGATAATAGCCTTCTTGGAAAGTTTGAACTCATTGGTATCCCGCCTGCGCCTCGTGGAGTCCCTCAGAT TGAGGTGACCTTTGACATTGACGCGAATGGCATCCTGAAT
AMTKDNSLLGEKTFELTIGIPPAPRGYVYVPQIEVTTFDTIDANSGTITLN
GTTTCAGCAGCTGACAAGAGCACTGGCAAAGAGAACAAGATCACAATCACCAATGATAAGGGACGGTTGAGCAAAGAAGAAATTGACAGGATGGTCCAAGAAGCCGACAAGTACAGGGCA
VSAADKSTGKENEKTITITNDI KGRILSIKEETLIDRMVQEADIEKTYRA
GAGGATGAACTCCAGAGAGAGAGGATTGCTGCCAGGAATTCTCTTGAGTCATATGCCTTCAATATGAAGAGCAGTGTGGAGGACGAGAAGATGAGGGGGAAAATCAGTGAGGAGGAGAAG
EDEL@QRETZRTIAARNSILESYAFNMEKSSVEDEZEKMRGEKTISEEEK
AACAAAGTCATAGAGAAGTGTARAGAAGCAATCTCCTGGCTTGACAACAACCAACTGGCTGAAAAGGAAGAGTATGAGCACCACCTGAAGGAACTTGAGAAAGTGTGCAGTCCAGTCATC
NKVIEKCEKEAISWLDNNQLAEZKEEYEHHLIEKETLETZ KDYCSPVI
TCCAAACTGTACCAGGGAGGGGTACCACCGGGAGGCTGTAGAGCCCAGGCTCAAGCTGAATCTCAAGGTCCCACCATTGAGGAACTGGATCTGGTAGAATTATGGAGGCAAGACGT
S KLYQGGVPPGGCRAQAQAESSQGPTTIEETLD *
TGGTGCTGGAGCTGTGACAGAAAGAGACTGCTCTTTGTGAAACAGCTCTTATGCAGTTTTGTAGCAAATCTCAGAAGAACGGAATGGTTTATTATCTTAACCCGAAGTCAAACTGGCTAA
AACAGGACGGTAAATCCTTTGGAGGGGATTAGTCTGAGCCTTAAGTACTTCCAAAAGGTGTTATGGGAAATTTATTTTCGACTCAAACAGGCACTATTTTTGTCTCAGAGCTATTGGTAA
CAAAAATAAATAGGGGATGCGCATATCCTAATAACAATGATAAGCAATTTAAGCTGTAACAGATTGAAATGTGTGTTCTTTTCCAAGAAAGTTATTTTTTCAACCAGTGTTTTTAAATA
GAATTACGTTGTAAAACATATACTGTAACTGCATGTTTTGGGACAGACAAATGTCTATGTCAGTATGTTATT TATGTATCTTTTCTGTAATTGATTAAAAATAAAAATATCACTAAAAAA
AMAAMAAAAAAAAAAAAAAAAAAA

B 2 &Y hsp70 cDNA K FF R S KRR FF5)

Fig. 2 Full length cDNA nucleotide and deduced amino acid sequences of hsp70 in American shad

TIHER S HRRIGHTS T (ATG) MZILE T (TAA): MU FRILATR polyA IRME'S: SLek PRILIM KR HSPT0 SRAHER 51
IDLGTTYS (9~16aa), IFDLGGGTFDVSIL (197 ~210aa) FI IVLVGGSTRIPKIQK (334 ~348aa).

The initiation codon (ATG) and termination codon (TAA) are boxed, poly (A) signal sequence (aataa) is double underlined, three characteristic

sequences of HSP70 family are in bold and underlined.

el . SKEF4121 hsp70 mRNA [f3RIA &
BIRIRH) RSN 2 h i, #2021 hsp70
mRNA KV (P<0.05) (K5 , #f
W ETm (P <001 (B 6), 4hE,

JH hsp70 mRNA /K-F-2[E]% 22124 0 h AKCFFY
. k' hsp70 mRNA /K F-iis i ] 2 T
¥, % 4 h I hsp70 mRNA /K- T 3 (P

<0.05) (E7) . % Enlsn, isfe/ENignT
DU L B SN IR 70 FE T
mRNA /K>F.

3 itie

3.1 EY## hsp70 cDNA HIFERERIFEF] 44T
ARSI 5w B T SEIN N hsp70 cDNA 741,
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Table 2 The comparison of American shad HSP70 amino acid sequence with other known species

L/l s AHALPE L/ Fas AR

Species Accession no. Similarity (%) Species Accession no.  Similarity (%)
VU EHIRE Astyanax mexicanus XP_007233036.1 88 B fh Danio rerio AAIT1454.1 87
Hiff Ctenopharyngodon idella ADX32514.1 88 fig 1 Siniperca chuatsi AFU54391.1 86
fif #4 Cyprinus carpio AEO044578.1 88 211 Lutjanus sanguineus ~ ADO32584.1 86
it Miichthys miiuy CCF23009.1 88 “Ffif Paralichthys olivaceus ~ ABG56390.1 86
[#3kfi Megalobrama amblycephala ~ ACG63706.2 88 K Salmo salar ACI34374.1 85
1444 Coreius guichenoti AHA44483.1 88 UT 4 Oncorhynchus mykiss BAD83574.1 84
Je %' %444 Oreochromis niloticus NP_001266600.1 88 Kl Rattus norvegicus AAA17441.1 83
K34 Larimichthys crocea KKF29441.1 87 K Canis lupus familiaris ~ BAB78505.1 83
T fi€ Monopterus albus AGO001981.1 87 /N Mus musculus AACB84169.1 83
fififf1 Carassius auratus BAC67184.2 87 A Homo sapiens NP_005518.3 82
R Lates calcarifer AEH27544.1 87 A0 Drosophila auraria CAA55168.1 73
it Hypophthalmichthys molitrix AGT99006.1 87 KW 1E Escherichia coli AAA18300.1 38
J# 8 Tanichthys albonubes ADM15726.1 87

AT G hsp70 BEPR KGR IRFAE, W L E AT 2 2
R [P LE AR B 45 R S AP g R —30 (O
WAEE 2007, fIIAE 2009, HHAMESE 2009,
XfHZR 2011, X4 2013, @AgfE 2014) ,
YN HSP70 5 HoAth A 28 L W FLR AN R
BIAARE A (% 2>, e T
ARSI A LB FEME, Sy T — e sk
hsp70 FGAEREAL B m AR ST 1, R
DRIE A= kA R ¥ T L () A 3T e,
MR I DyRE, 4ERRA SSECIRAS T b 75 D) 6e

HEEESE (FLIEMSE 2007)

3.2 SEYNEH hsp70 EREARARBEF IR
il

X 2 YN hsp70 FEKALLARIE A (RS, R
ARSIy N T I NN 17T NI Y = SN = N
WL 9 NARIH LS B 3 e kil 2 %0k, 1
Hk B RAE B TR, 6, IR
EE TR, BF. B B Rk R,
ARSI 4 W S ARG TR GE OB 2009, #A
WAKEE 2009, {75255 2012, XI|pK4s 2013, &
e 2014) HEATHLEL, KIA hsp70 BERIE K%
ARANFRNR P 2 RE, RN ILAEA RS
£ R AN [ L ZR P R TE KT 1 S AT AE 25 5o

hsp70 7EAMY LA (X P4 2013) [t LA
TR, MAE. O RINEAL, R
25 VR 0GR e 2014) LA P ik B e
XUEEIA 5 hsp70 78 SE A 2 Rk AL
MRIPFKEE (2009) X Hiff hsp70 H1ZARKIATFT
fath, #EhRIAEE, M CPRIEEK 2009)
D RIE R, PR B 2 RIE AR, ME
fi7 (Acipenser ruthenus) (fii34% 2012) hsp70
SEDRAE I I8 B d e, TR R LR AL . X
S ARG A2, BB AR S
RN, FrAb A K, FRI IR EE A%
ZENELM, FET hsp70 SRR LHL
Hf 2 R IA
3.3 BRIMNBCTEMNENREEEKISFEA hsp70
ZEF mMRNA RIRIEIFH
RIS R B s, AN
THRAE, A8 i R AR BEAR R 7 Ui L L pH .
AR WRASH S RAEWNS, FHGEE%N T,
MU R AR e, st R AE i 5 R %
(VFSNSE 2010) o SEIAIBIETLE RN,
5 W 8 55 £ 565 1 A0 58 A8 A AT T 24 1R Y
N, X ERERFRHGEAHTT & . 2PN 4b
FERET AR s NG, W BAR, KR
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88
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84

———fi tis Hypophthalmichthys molitrix
[13) 5 Megalobrama amblycephala

)3 ff1 Tanichthys albonubes

76

97 80

45

[51 "1 £ Coreius guichenoti

fifll 4 Carassius auratus

11 Cyprinus carpio

Bt &£ Danio rerio

84

54

98

97

100

78

Jg ¥ % 9 Oreochromis niloticus
AWt Lates calcarifer

— & 1 Siniperca chuatsi

21 % Lutjanus sanguineus
K Salmo salar

58

53

—— U % Oncorhynchus mykiss

——— F M Alosa sapidissima

99

96

S G B IR 8 Astyanax mexicanus

100

65

100

8T Paralichthys olivaceus
H 8% Monopterus albus

—— K& & Larimichthys crocea

fify # Miichthys miiuy

100

99

A Homo sapiens
% - Canis lupus familiaris

—— K [ Rattus norvegicus

/)bl Mus musculus

W Drosophila auraria

A 3

K WAT i Escherichia coli

hsp70s RZEiHALH

Fig. 3 The phylogenetic tree of HSP70s
KM NJ Bootstrap yEHI i RZEHEALR, B F &k 975 1 000 ¥k bootstrap U6:1iE /> ST AT {5 1 B &A1) hsp70 JE P %
HEKUE T GenBank, JLE TG WA 2, &M KR A AR 500 € o

The phylogenetic tree was constructed by neighbor joining bootstrap. Data on each branch of this figure showed confidence level of 1 000 times

bootstrap confirmation. Hsp70 gene data of each species in Figure was from GenBank and the accession number was shown in Table 2, data of

American shad was measured in this study.

S SR A R, PRSI R S T R R, i
e EEGE A E, RS R R HEN T R e
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LR DA G Ae 2014) 7R 2R EI a5
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Bl 4 RIMHARLLRF hsp70 FEE IRIX AR
Fig.4 Expression level of hsp70 in tissues of
American shad
G. fi#; B. fii: L. AT S. M L B H.oLy HK 3K KOs
M. A * RRZEREFE (P<0.05 , ++ RpREFREE (P

<0.0D) .
G. Gill; B. Brain; L. Liver; S. Spleen; I. Intestine; H. Heart; HK.
Head kidney; K. Kidney; M. Muscle. * means significant difference

at P < 0.05, ** means significant difference at P < 0.01.
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MR Ik
Relative expression level

1 r = -
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0 2 4

JZ 5} [A] Transportation time (h)

B 5 ZHMNHNEE hsp70 mRNA 7KF HI 0
Fig. 5 Effects of transportation stress on gill
hsp70 mRNA level
* RoRZEFREFE (P<0.05) . = means significant difference at P <

0.05.
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Relative expression level
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Jz#i) 1] Transportation time (h)

Bl 6 BRI hsp70 mRNA 7K KI5
Fig. 6 Effects of transportation stress on liver
hsp70 mRNA level

* FoREREFH (P<0.05) . *means significant difference at P <

0.05.
30
*
T525— e
®E T
g
RE 15t
=5
=2 10t
=
[5)
(2" 5 r
0 L— 1,
0 g 4

iz ¥} [A] Transportation time (h)

B 7 BHMNETLE hsp70 mRNA K H#mH
Fig. 7 Effects of transportation stress on head
kidney hsp70 mRNA level
* RoRZESEFE (P<0.05) . = means significant difference at P <

0.05.

AR 52 NBCIRAR I 2, i i — Le 4 A
T R A e JH 0 453495 475 00 b2 DL, i 3 hsp70
MRNA ZKFAR B AT I, 128 18 A —
B S o 25T HSP70 TEA LA TR 1)
BLUIfe, ARIXHS RN PR, Sk
JFE) hsp70 mRNA ZKFHEAT THFSE . #F5T4s
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RRI, BN, I hsp70 KL &Y
RISET i E T R, T m i
WG T KB RIAE BT R, R 4 h
i 2R T AT hsp70 3[R R TA AT 4140k
S, NAE R hsp70 Rk BAEANF AL
B 2 AN AR P PR T ey RIS, X S5
TG IFE . R PR AE S AEAS R 2R )
Fik R AT HKEE . hsp70 FePH 1 HAE ok
AKFREAT 4% (Bonga et al. 1997, fE53 %%
2005) , 1 #AR v s K7 Cheat shock
transcription factor, HSF) F1#AT G (heat
shock element, HSE) L[ &5, Wi R v
PG PR ST G R T (HSF) , TE = SRR T
NN GRS Te (HSED , JA3)) hsp70
FERI 55 hsp70 JEPRIAS B 5 7 Hcm e iy,
PR R R AT =4, 3 hsp70 mRNA 7K
SEI TR . 1 hsp70 mRNA /KT g Srf
AR AT IR, KR ) HSP70 5 #4
eI (HSF) 454y, il ELis i,
MFHLE T #A R E (HSP) HIit—45 %,
i hsp70 mMRNA & FE i 71— 19 7KF- (lwama
etal. 1998, T5 %5 2005, QL4 2011,
Evgenéretal. 2014, BXEE4E 2014) , Iyttt
TR T RE S (HSF) RS2 3 i e A 1
HHEAZS (Rabindran et al. 1997) .

ENESP S VA SUN P KA N ERATEA
hsp70 JE K K IA IR mE BE T 40 . S5 A5
il R I8 AR, B (2014) FRFFUK
B, ANIRlIE A AR 8] A f AN 2L hspT0
MRNA KRS A7 AL 22 5, SR Ak B S
RIS T, B S R A BT R
A s s K-, KUK hsp70 4 1ot
WS (%S 2009, Evgendr et al.
2014) o ARSI TSR AR S AFL,
IS Sk R HUAAEE L FFYS 3 Bl T s i A
fii13 hsp70 FKIEKF-THEr, A% HSP70 [Fi4iid
B3 KBUETIRE, SRIG SR LA B B 52
PEo SKERMARETN LR T, WS 5NH

RE TG - 3 h- e i i Gt fe
25 2011) o BhWSEEG ORIV O e T RE 5
Wi SR PR (a5 2002) , XI/NEs (2006)
WU R B, 1z S i (Pelteobagrus
fulvidraco) == N N, 38 s 1 41 e 7 W 1)
REMAMEl. 2596 (2013) KRILAVEHAE AL
T3 1 £ Sk A P s R R ) A . AR
SRS hsp70 Rk EHFFET YOSk
YN AEZ T A hsp70 FE DK SRk A 1
713k 40 P v i HE LA W R Dl s TR
I 75 325 i IR 4852 T 1] P 3B K56 56 W il 556 £ 5k
'V ZH 230 i ] R B T A

B 2RZ BN FA RS 77 A — RN
SN, 1T I R SRR Tt Ak AR 57 3 R A 5
LRI, HLEAETT (EEESE 2009, BXE#AE
S 201D o KEWHUERIE R R, MIRAENFHER
ERLBL G, BLEERAZEAL, AL HEREEIR 5t
T-IL% (Chittenden 1973a, b) . Du %% (2014)
WF5T T KT 1% (Coilia nasus) Rk b i i 55
TEHLHT, BT A G2 i P e i L )
PO . — 7 BT R 1841 h R 4 O Bt
VEFRIOBEACHS . A QI S AR DGl R e s 21 36
IR NG B R BT, 5 — 7 T i
12 TNF-a.. caspase-9. 41ffit % C. caspase-3
6 0 M TR D6 B ) A s A RS AR TN 38 1
A PR TG LN IEETE . AT
S YN 556 £0 7018 Hi N I H AL i R T 2R,
PRI HO PR AR ) (1) 38 N fig A AT TR
FE YN A AT ISy . &1 SE YN SR A0 12 4k
IO AT S AT ROz 5y 7 v AR AT s
BB ST LA IE .
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