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DH%x 35572 Imin, 35 ; 72
1.1.2 M MLV Pramega 10min PCR ,

rTag DNA DT dANTPs DL pMD 18-T , DH%X
2000 M arker TaKaRa , Sangon
E.ZN.A.™ Gel Extraction Kit, Omega 1 HSCT0
Trizol Invitrogen Tab.1 The primers used for HSC70 gene cloning and expression in
Sangon yellow catfish
1.2 Primer Sequence(5'—3')
1.2.1 RNA D NA UP-dT CGGCA GTGGTATCAACGCA GAGTACT (18)
. Triol RNA | UP-dG CGGCA GTGGTA TCAACGCA GA GTACG (10)
, , P1 GCCAGCATTGAGATTGAC
ODseg /Oy = 1. 8—2. 0 RNA (21 ) P2 GGTGATGATTGGGTTACAG
. Olig dT,, , M MLV P3 CACACCCAGTTATGTTGCCT
DNA P4 CCATTGAA GAAGTCCTGTAGAAG
st TGGGTA TTGA GACGGCGGGA GGA GT
1.2.2 HSC70 dDNA
52 TGA GCGAA TGGTCCA GGA GGCA GA G
GerB ank HSCROTEDNA ( Al CACTCCTCCCGCCGTCTCAA TACCC
EF406131) 8 #7 (Ictalurus punctatus) Ao CEAAA TCCTCACCACCCA GATG
HSP70 dDNA ( U22460) , A3 TCGTGACGGTCTTTCCAAGATATG
(PL P2 P3P4) ( 1) HSC70 dDNA D1 GAGATTGTGCA TCGACGTGAC
( 1A) dDNA , PCR AD2 AACTGGGTGTGGTCCGA TTAC
2% L, 2. %L 10 x D3 GAAA GGACCA GAACTCTAAAAA G

,0. L ( 1umol/L), 0.L AD4 CACCAAA GAAAACAAACGGAC
ANTPs(10mmol/L), Tag  1.25U, yL, HSC1 AGAGCACGGGCAAGGA GAAC
dd H,0 ( PCR ) 18SF CCTGA GAAACGGCTACCACATCC

© 94 min; 94 30s, 50 18R AGCAACTTTAATATACGCTATTIGAA G

267bp overlapped

189bp overlapped

236 bp overlapped

P3sp & P4
. Pl 4=
S [ )
ATG Open Reading Frame TAA  ° HSCT0
A cDNA
1 500 1000 1500 2000 2245
UP-dG =» A2 Sl = &UP-d1
UP-dG =p *_ A3 S2 & & UP
5 RACE 3 RACE
994bp overlapped 189bp overlapped
SD3 Q-I P4
HSCT0
SDI=h  @sAD2 Pl 0-,:\“4/“)“
B —ATG Open ing Frame TAA -
T T ﬂ%_%"’:_- e J -
},' .. e 15<_)()‘, 1000 1500 \_J 2000 2245 o
. )I
1 HSC70 DNA (A) (B) PCR

Fig 1 Schematic diagran of yellov catfish HSC70 DNA (A) and HSC70 gene (B) showing locations of primers for polymerase chain reaction
(PCR) and strategy of the gene cloning
PCR ;B HSC70
A rrovheads represent primers L ines betveen arrovheads indicate anplification productswith PCR; HSC70 gene exon sequenceswere shoved with
straight broken lineswhile intronswere showed with curve broken lines
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94 45s, 58 35s 72 90s 5
;94 30s 66 355 72 1 min, 30

; 72 10min PCR
, 64

5" RACE: ,

Al A2 A3( 1) Al
dTy, dDNA DT C,
dDNA , A2 A3
UP-dG PCR( 1A)

: ( PCR
64 59 ) 3' RACE 5 RACE
PCR ,

Oligp

1.2.2
1.2.4 HSC70
DNA HSC70 dONA
, P1 AD2 P33  AD4(
1 1B) P1  AD2 HSC70
, P3 M ,PL AD4
( 1) e
5min; 94 45s, 53 40s, 72
35 ; 72 10min
PCR ( 1.2.2)
1.2.5 RT-PCR HSC70
10 , 5 )
5d, (26 +1) :
(36 +1) 1h,
(26 £1) 3h

1. 5min,

, 3g RNA
., Olig dTyg
( 1.2.1) HSC70
DNA , ( 1
HC1 AD4( 1)
522bp;  18S
18S RNA

HSC70 dDNA ,
IRNA ,
18SF 18R ( 1),
221bp
, PCR 1.2.2(HSC70
DNA, 18S RNA DNA

1/10 ) 1 94 3min;

94 30s, 57 30s, 72 30s, HSC70
34 , 18S IRNA 23 ; 72
10min YL PCR 1%

3 . Excel SIDEV
, SPSS13.0 t
: HSC70
(p< 0.05 )

2

2.1 HSC70 dDNA
DNAMAN ,
5" RACE ,
70 kD dDNA ( 2)
2245bp, 5' 82 , 3
225 , poly (A) 2200bp
(AATAAA) ,
(ORF)  1938bp, 645
, p IMw 5.49/70838. 07
, HSP70
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1 GAGATTGTGCATCGACGTGACAACAGTGGGAACCAGCTGAAAGGACCAGAACTCTAAAMA 262 RLRTACERAKRTLSS ST OAS
60 GTGTTAAAAGgtaasamasamacctgtasatcctittttttattattcagtaagtacatc 2220 GTATCGAGATTGACTCTGTGTACGAGGGCATTGATTTCTAGACCTCCATCACGAGGGCTC
120 cagctaaggctgtasataacaaatatgctaggaaaaaaaaatatgctagtgtttatgttg 282 I E 1 DS LYEGIDFYTS I TRAR
180 ttaagctgattaagaaaaatgtaaacactatgtcgagatggacattgtageticatagaa 2280 GCTTCGAGGAACTAAACGCCGACCTGTTCCGTGGCACTTTGGACCCTGTTGAGAAAGCTC
240 gtgttatagaattcagagggtacatggataggagtgetggatagttttgetttgetgtta 302 FEELNADLTFRGTLUDU®PYVYEKAL
300 tt(alttt(t;ocammmpmntnuttnttclmu 2340 TI’NTGAW(X:AABCAOBAGAMI’CI’WGTCCATMMITGTCCTG@TWWI’TCTA
360 tcccttatgotgttatgtaatgtttgeatgattce 322 R D A K @ D K 8 0 v H E VM LV @ @ &
420 uttunc' ttcttgttttgtagctaaagtag 2400 MATMITWGTTWWTTCTIGAAIBGAMMMCTTMCA
480 ctasatgtcatagcaacatattgttatgttttgtttatttcaggtecactttctotttatg 342 RN PK 10 K L L ¢ D F F N G K E L N K
540 cctgtasaatcat taatgtacatgagctctgtaatgtat 2460 AGAGCATCAATCCTGATGAGGCTGTTGCTTATGGAGCAGgtaaattgaatattcattgge
600 gtgagctacasgagccagataactttttaactttttttttttgtaagtttattataagaa 362 S I NP DEAV A Y G A A

660 ccaactataaatacatggcctttaactatggcgtatgcacatgaaaataaaggttaattg 2520 aacggtcacattggttaagatttgcacacagtgcacataaatttctttttgetccacagl
720 ctaagggagctttagatcagacagacagctgaggtctgttaagagatcagttgaacaggt 2580 TGTCCAGGCAGCCATTTTGGCAGGAGACAAGTCAGAAAATGT TCAGGACCTTCTGCTGTT
780 gctggataatgaaagtaagtccagctgacagtcggtggggaaaaaaaagaccattagatt 375 V 0 A A I L A G D K S EN V @ DL L L L
840 agttgagcggtcattatacggttaggaaaataaaaagcaagacagattttagaatgaaat 2640 GGACGTCACCCCTCTGTCCCTGGGTATTGAGACGGCGGGAGGAGT GATGACTGTCCTGAT
900 ucnctunc(untuctntcutt..ctctgtuttttuﬁTGTcGCMAOCAIﬁTc 38 D V T P L S LG I ETAGGV MTV L I

1 S 2700 CAAACGCAACACTACTATTCCAACCAAGCAAACGCAGACTTTCACCACTTATTCAGACAA
960 MWABGABTTGWTTGATOTTGGCMX!ABATACTCGTGTGTGMIGTGITTCA 415 K R N T T | P T K Q T OTFTTY SDN
3 K GP A VY G ¥ ¥ G V F 0 2760 TCAACCTGGTGTACTCATTCAGgtgagaatatcaaactggtgatgagacagt tasaaagt
1020 MAIGGCAMBTTGMATCATTGCMATCAMGTMTOMAMOCAGTTACGT 43 a P 6 V L | a

23 H G K VY E | | ANDU GGNRTITTP S Y V¥V 2820 tcatttctcasaagcasattctaatcttaatcattgraccagGTGTATGAGGGTGAACGA
1080 TGCCTTCACTGACACAGAGCGACTGATCGGTGATGCAGCCAAAAATCAAGTTGCCCTGAA 442 ¥V Y E G ER

43 A FTDTERTLIGDAAKND OV AL N 2880 GCCATGACCAAGGACAACAACCTGCT TGGGAAGTTTGAGT TGACAGGCATTCCTCCTGCA
1140 TWTITTT&t--m-ttntatn;cttctctttttmttttwucla 448 A M T K D N N L L 6 KF ELT G | PP A

63 P T NTVYF 2940 CCTCGGGGTGTTCCTCAGATCGAGGTTACTTTTGACATCGACGCCAACGGTATCATGAAC
1200 attatuut;tautt(tuca(ttantutmttt.cn;A'lGOCMAAﬁGCYGATTO 468 P R G VvV P Q | E ¥V T F DI D ANG I MN

70 A K R L | G 3000 GITTCTGCAGTGGACAAGAGCACGGGCAAGGAGAACAAGATAACCATCACCAATGACAAA
1260 GACGGCGGTTTGACGATCAGGT TGTTCAGTCTGACATGAAGCACTGGCCGTTTAAAGTGA 488 Vv S A V D K S T G K E N K I T I T N D K

76 R RF DDOVY V 0O S DMNMKHDWP F K V | 3060 Ggtagcacaactgtcatgactttttataccttatcattttttttctttttacaataataa
1320 TGAATGATTGCTCAGGTCCAAAAGT TGAAGT GGAATACAAAGGAGAGACCAAATGATTTT S08

96 N DS SRPIKVY OV EY KGETK S F F 3120 taatatttttaatttttgttttcagGTCGTCTCAGCAAGGATGACATTGAGCGAATGATC
1380 TTCCGGAGGAAATCTCTTCAATGGTGCT TGTAAAGATGAAGGAAATTGCGGAAGCATATC S08 RLSKDDI ERMY

116 P EE I S S MW VY LV KMEKTE I A E A Y L 3180 CAGGAGGCAGAGAGATACAAAGCTGAGGATGATGTCCAGCGAGACAAAGTAACTGCAAAG
1440 TTGGAAAGgtgatcatgaactcaatgtctttggtectgtaactttgeattggtottasac 520 @ € A E R Y K A E D D V O R D K vV T A K

136 G K 3240 AATAGCCTTGAGTCTTATGCTTTCAACATGAAGTCCACTGTTGAGGATGAGAAAGTGAAA

1500 catasacatgctgasgctgtgctctctcaaatacttatgatgtctttgtttattggetca 540 N S L E S Y A F N M K S T V E D E K V K
1560 ggetcacattctttacactggasatgttagtctatgtttacatttasaacatttgcagte 3300 GGAAAGATCAGTGATGAAGACAAGAAGAAGATCCTGGAAAAATGCAACGAGGTTATCAGC

1620 gasactcttgtttgctgtgtttattasaccttcaaccttcactaactgttttaactgece 560 G K | S D E D K K XK | L E K C N E V | S
1680 caattgtttcctocttaagACCGTCACGAATGCAGTAGTTACAGTACCTGCATATTTCAA 3360 TGGCTGGATAAGAACCAGgt tttat gacttgetttt t
138 TV TNAVYVYTVYPAYFN 580 WLDKNGQ G

1740 TGACTCTCAGCGAGAAGCTACTAAAGATGCAGGCACCATTTCAGGACTAAATGTCCTTCG 3420 gotaacatgcataatagottttcttaactgataattgatgtgtattcaagggtcattgct
152 D S Q@ R O AT K DA GT I S G L NV L R 3480 sagtcaagctaaggtitatttttattgatcatatcataggtctaagtcacaagtegtcaaa
1800 AATTATCAACGAACCAACTGCAGCTGCCATCGCT TATGGCCTGGACAAGAAAgtggetgt 3540 accattactttctttacctagtattccttgtgatocttctitaaatitgttaactcttac
122 1 | N E P T A A A I AY GLUDKK 3600 catgttcgtagACTGCTGAGAAAGAAGAGTTTGAGCATCAGCAGAAGGAACTAGAGAAGA

1860 gcttgcaatacatcatagcagtagaaaagaaactgtaatatatatgatttttttctgatt 586 T AEKEETFEHOGKELEK |
1920 attgcctaatacctogtttgcag] TAGRBAGCAGAAAGAAATGTCCTGATCTTTGATCTCG 3660 TCTGTAACCCAATCATCACCAAGCTGTACCAGGGTGCAGGTGGCATGCCTGGTGGEATGE

189 L GAERNG VL DUE/DILNG 3 CNP I | TKLYGQGAGEMNREGEGEMNP
1960 GTGGTGGAACTTTTGAGGTGTCCATCCTTAGCATTGAAGACGGAATCT TTGAGGTGAAGG 3720 CTOBOGOATTCCCADGOGOCAATGCTOCACCTGGAGGAGRAT CTTCTGGACCAACTATT O
202 T 1 EDG 1 FEVKA®3 GGFPGGNAAPG® GGSS®a@FPT | E

2040 CGACAGCGGGCGACACCCATCTGGGTGGTGAGGATTTCGACAATCGCATGGTCAATCACT 3780 AGGAAGTTGATTAAACTGTTCAACATTTTACTACTGATTTCTACTCATTACACAGTCCGT
TAGDTHLGGETDTFDNRMVYNHF 3 E .

;zgo TCATCGCCGAGT TTAAACGCAAACACAAGAAGGACATCAGCGACAACAAGAGGGCTGTGC 3840 TTGTTTTCTTTGGTGTCATATTTTTAGTCACAGTAACCTTTGTGTTAAGGTGTTAAGATT

242 | A EF KRKUHIKIEKTDTI SDNZEKTP R A V R 390 TAGGCAGACACCTGCCAGTTTGCTCAGTGAGAAGCATGTTCCATATTATGTTTCATTCTT

2160 GGCGTCTGCGTACTGCCTGTGAGCGAGCCAAGCGGACCCTGTCCTCCAGTACTCAGGCCA 3960 ATTAAAACAGTACAATAANCACTTTTAAGTTCTGACT CCCTAAAARAMARAAAAAAAA

2 HSC70 dDNA
Fig 2 HSC70 gene dDNA and deduced amino-acid sequence of yellow catfish
HSC70 ADNA , HSC70 ,
, HSE ; HSP70 ;

The HSC70 gene nucleotide sequence (GerBank accession number FJ376084) is shovnwith both uppercase letters (exon) , representing full length of
DNA nucleotide ssquence (GenBank accession number FJ376083) and lowvercas letters, representing introns The cepital letters below the nucleotide
sequence represent correponding anino acids Start codon and stop codon are underlined, and HSE-like consensus sequence is double-underlined.
The grey background amino acid sequences are HSP70s  characteristic motifs  The consensus polyadenylation signal (AATAAA) is framed

(Carassiusauratus gibelio) (M egalo- HSC70 N-J ,
brama amblycephala) , 94. 45% ( 3 , 70kD
94. 14%, (Hamo sapiens) HSC70

(Xenopus laevis) (Gallus gallus) , HSP70
93% , )
(Paracoccidioides brasiliensis) 52.59% ,
, ( Paralichthys olivaceus, , 70 kD

AB G56390) (A. schlegelii, AAX07834)

(O.mykiss, BAB72233) HSP70 12
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2 HSC70
Tab.2 Smilarity of HSC70 amino acid sequences betwveen yellov catfish and other pecies
Name and GerBank No. Similarity (%) Name and GerBank No. Smilarity (%)

Southem catfish (EF406131) 96. 13 Chicken (AJ004940) 93.03
Silver crucial (AAO43731) 94. 45 Turbot (BJ099574) 92.01

W uchang bream (BU623471) 94. 14 Black porgy (AY762969) 92. 00
Human (AF352832) 94.12 Rainbow trout (P08108) 91.75
Zebrafish (Y11413) 93.53 Fruit fly (DROHSC4A) 82. 80
African claved frog (NM _001086599) 93. 38 Paracoccidioides brasiliensi (AAB62884) 52.59

Turbot (Psetta maxima) HSC70

Black porgy (Acanthopagrus schlegelii) HSC70
Rainbow trout (Oncorhynchus mykiss) HSC70
Silver crucial (Carassiusauratus gibelio) HSC70
Wuchang bream (Megalobrama amblycephala) HSC70
Zebrafish (Danio rerio) HSC70

Southem catfish (Silurus meridionalis) HSC70

47

Yellow catfish (Pelteobagrus fulvidraco) HSC70
African clawed frog (Xenopus laevis) HSC70
72| Chicken (Gallus gallus) HSCT0
100 L Human (Homo sapiens) HSC70
Bastard halibut (Paralichthys olivaceus) HSP70
99 Black porgy (Acanthopagrus schlegelii) HSP70
89 I Rainbow trout (Oncorhynchus mykiss) HSP70
Fruit fly (Drosophila melanogaster) HSC70
Paracoccidioides brasiliensis HSC70
—_—
0.05
3 Clustal X 1.83 Mega4.0 HSC70 HSP70
Fig 3 Phylogenetic tree of HSC70 and HSP70 amino acid sequenceswith Clustal X 1. 83 and Mega 4. 0

Bootstrep 10000
The number at each node of branch indicates the percentage of bootstrgoping after 10000 replications

2.3 HSC70
, HSC70 3
18SRNA  RT-PCR ( 4A), 3.1 70kD
HSC70 ,
: : HSC70
2245bp  70kD DNA , 645
HSC70 , HSP70
( 4B) , (DLGTTYSLV IFDL GGGTFD-
HSC70 VSL  VNLVGGSIRIPKRQK),
HSP70 DNA
(p<0.05), HSC70 ( 2 ( 3) :

(p>0.05) ( 5) HSC70
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head
blood  heart liver kidney spleen  gill muscle brain  marker
bp
HSC70 500
18 rRNA 250
A
head
heart ~ liver  kidney spleen gl muscle brain  marker
bp
HSC70 500
18S rRNA 250
B
P4 BEHifEE R4 (A) MM (B) h HSCT0 M2 18S rRNA 76 A [6) 41 4158 28 77 b ) RT-PCR 45 31
Fig.4 RT-PCR results of HSC70 and 18S rRNA in eight tissues or organs of control (A) and heat-shocked (B) yellow catfish
2 r
< O control
Z <
) oé 2 M heat shock
B8 15 |
L
32
2T .
g°=
< 8- 2
E a G *
22 |-
T &8
g g0 05T
E®z 2
®E S
«
0 A A A ' ' A A
blood heart liver head spleen gill muscle brain
kidney
S ALk 3% B (Eight tissues or organs)
S MAAKTERT G B Wit 8 R 3R TR 4141 HSCT0 mRNA A X %3k it
Fig. 5 Relative expression of HSC70 mRNA in 8 organs or tissues in control and heat-shocked yellow catfish
* R MMATSG HSCT0 mRNA MM RAMER B F (p< 0.05)
The asterisks indicate the values which were significantly different from control (p < 0.05)
9 . 19
, HSC70 (] (Riwulusmamoratus) ™' HSC70
, HSP70 ,
, HSC70 ( )
dDNA , RT-PCR Chuang, et al. HSC70
) HSC70
[20]
HSC70 dDNA HSP70 5' ,
,C EEVD (Penaeusmonodon) %’
13—
C Gav P R Hse7o :
5' [21]
H3C70 . Dnak
DLGTT-Sv!* 22,231, AT
Dnak HSC70 = AT
HSC70 PCR , DNA
8 [17] [18] [25] HSP
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) (Heat shock response element,
HSE) (Heat shock factor, HSF)
HSP :
CnnGAA nnTTCnnG !
5,

HSC70
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3.2 HSC70
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HSC70 GENE AND ITS TISSUE EXPRESSION ANALY SIS INYELLOW CATFISH

ZHANG Juan', ZHANG Qi-Zhong"*, ZHANG Zhan-Hui' and QU IM iao'
(1 Hydrobiology Institute of Jinan U niversity, Guangzhou 510632, 2 Key laboratory of Aquatic science of Chongging,
Key Laboratory Eco-envirorments in Three Gorges Reservoir Region (M inistry of Education), Chongging 400715)

Abstract: Heat shock protein 70 (HSP709) act asa mle of chaperone and play a key function in cytoprotection and cytore-
pair, including protein assambly, correct folding, and membrane translocation, it al enhance the organisns  immunity
and enduration 1o stresors Yellow catfish (Pelteobagrus fulvidraco) isan important cultured gecies in China In order to
illuminate molecular mechanisn of the HSP70 family members in the catfish against stresors and diseases, it is necessary
to clone the gene and ADNA sequence of HSP70 fanily members in the first instance Therefore, the gene and its DNA of
aHSP70 fanily mamber were cloned in yellov catfish, and mMRNA expression of the gene was studied in various tisaues
and organs of the catfish under heat-treated or unstressed condition

A full length DNA of 2245 bp was cloned in the gill of yellow catfish with RACE ( rgpid amplification of dDNA
ends) technique The dDNA contained an open reading frane (ORF) of 1938 bp, 5' untrandlated region of 82 bp and 3’
untranslated region of 225 bp. The deduced 645 amino acid sequence contained HSP70S characteristic motifs (Fig 2) ,
and it indicated that the dDNA belonged to the family of heat shock protein 70. Carried out aligoment with other organ-
isns HSC70 anino acid sequences, the deduced anino acid sequence fran the dDNA showed the highest smilarity
(96. 13%) with HSC70 amino acid sequence of Southern catfish (Silurus meridionalis). The phylogenetic tree (Fig 3)
showed that 70 kD heat shock protein of yellow catfish clustered together with other vertebrates HSC70s but not HSP70s
W hat mentioned above suggested that the sequence we cloned was a kind of heat shock cognate 70 (HSC70). Further-
more, its congtitutive expression in unstressed tissue cells by RT-PCR detection (Fig 4) confimed that the sequence we
cloned was HSC70 dDNA. Subsequently, the catfish HSC70 gene was cloned by PCR amplification in the fish gename
DNA. Eignht intronswere found in the HSC70 gene, and the longest intron (873bp) was located in 5’ untranslated region
and the others ( length between 80 and 251bp) in ORF region (Fig 2). The intronswith same number and similar locar
tion were found in the HSC70 genes of human (Hamo sapiens) , mouse (M us musculus) , rainbow trout (Oncorhynchus
mykiss) and hemgphroditic teleost (Rivulus mamoratus).

In order o elucidate the HSC70 mRNA expression in different tissuesor organsof yellow catfish under heat-treated or
unstressed condition, ten catfish were divided into o groups randamly, one (control group) was unstressed and the cat-
fish were cultured in water temperature of (26 +1) , the other (the heat shock group) was heat-treated at (36 +1)
for 1h, and then recovered in nomal water temperature (26 £+1)  for 3h Sami-quantitative RT-PCR method was em-
ployed to analyze the HSC70 mRNA expression in different tissuesor organs, viz , blood cell, heart, liver, head kidney,
pleen, gill, muscle and brain The resultswere as follovs in control group, HSC70 MRNA expressed constitutively in
eight tissuesor organs of the unstressed catfish, and the mRNA transcriptswere various in the detected tissues or organs
and the highest in gill (Fig 5); in the heat shock group, HSC70 mRNA expression significantly increased in blood cells,
liver, head kidney and brain (p <0 05), but did not significantly in the other four detected tissues or organs ( heart,
Ppleen, gill and muscle) (p>0 05).

The data above indicate that the HSC70 gene and its dDNA of yellow catfish have been cloned, and the gene ex-
pressed constitutively and could be induced by heat shock in various tissues and organs

Key words HSC70 gene; Clone; Tisue expression; Yellow catfish (Pelteobagrus fulvidraco)



