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1 scHSP70 dDNA Kit DNA,
Tab.1 Primers used for cloning stHSP70 dDNA of the red P-F PR THSP70
svamp crayfish ’ '
Name Sequence(5' -3")
P-F1 GGCCATGAATCCAAACAACAC 1.2.3 scHSP70 m RNA
P-R1 GGCTCGCTCTCCCTCATACAC 2h , sHSP70 mRNA
P-R2 CA GCA GCGGTGGGTTCGTTG 2h, 1.5h,
P-F2 TCTGA GGGCGTGAA GGA TGT
Oligo (dT) ;7-adspter (OAP) ~ GGCCACGCGTCGACTAGTACT, 7 , ,
Abridged anchor primer (AAP) GGCCACGCGTCAACTAGIACGy, RNA DNase ,
Adapor primer(AP) GGCCACGCGTCGACTAGTAC DNA, P-F3  P-R1B-actinF P -actinR
Oligp(dT) 17 TTTTTTTTTTTTTTTT sHSP70 (343 bp) B -actin (240 bp)
P-F3 GGTGTTGGTGGGA GGGTCTA (5]
B -actinF AGTA GCCGCCCTGGTTGTAGAC sHSP70 P -actin
B -actinR TTCTCCATGTCGTCCCA GT 26
P-F GGTGAA TACAA TGGCGGA TC sHSP70 P -actin, 94
P-R TGCACGGCAATTCAGTIAGAC dmin, 94 30s 59 30s 72 30s
5ML PCR 1.5% ,
RN ase-Free DNase ( Pramega, UA) RNA, B D-RAD ,
ReverTraAce Oligo (dT) 4 Quantity One  sHSP70 P -actin
DNA DNA , : SHSP70 B -actin ,
P-F1 P-R1 HSP70 sHSP70
. 94  4min, SHSP70
94 30s 58 30s 72 80s 35 . 35 (
72 10 min, QA quick Gel Ex- ) 1246 8h,
traction Kit , pMD 18-T V ector 1. 5h, ,
) DH¥x , , RNA, RT-FCR
PCR sHSP70 ;
: P- 1.3 3 +
F2  P-R2, OAP AAP AP sHSP70 mRNA ,
HSP70 DNA 5 3’ (RACE) PSS LD . p<
0.05
5'RACE: 5'RACE
DNA, Ply(C) 2
, AAP PR1 PCR, 2.1 scHSP70 D NA
AP P-R2 PCR sHSP70 dDNA P-F1
3'RACE: OAP DNA, P-R1 PCR ,  1200bp
P-F1 AP PCR, , 3'RACE
, P-F2 AP PCR PCR 1000bp 5'RACE
29 L, 94  4min, 94 700bp DNAMAN
30s, 58—60 30s 72  90s 35 , DNA
72 10min , '
BLAST GerBank
HSP70

Dneasy Tisuue
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, HSP70 , HSP70 C
GerBank DQ301506 EEVD
1 , SHSP70 2271bp, 5'UTR HSP70 ( 3)
142bp,3'UTR  221bp, GC 49. 9% , HSC70
(ATG) 143hp, (TAG) H3C70
2048 , poly (A) ,
(AATAAA) (ORF) 1902bp, (Penaeus) HSC70
635 , ,
69. 611kD, 5.50 (Penaeidae)
ATP (  44kD,1—384aa) , (A stacoidea)
( 18kD, 385—545aa) C HS3C70 , Marbled crab
(10kD, 546—635aa) HSP70 ,
: 7—15 (GDLGTTYS) , ,
200—207 (DLGGTFD) 335—349 (LVLV GGSIR IP- HSP70 HSC70 ,
KQK) , sHSP70 291— HSP70
296 (GPKH) , :
HSP70 HSP70
Hs7o <HSP70 4 SV ISSMODEL
AEAYL QXK (130—137 ) H SP70 , 2
ATP-GTP , RARFEHE , N ATP (AT-
(300—306 ) , KKDL G- Pase domain) , 44kD ATP ,
G\NKRAVRRL (251—264 ) AVRRLRTACER- 4 2
AKRTL (260—275 ) , C ( Pep-
GPTV EEVD (628—635 ) HSP70 C tide binding domain) , 18kD,
n C GGMP  ATP , , 4
GGGAP , B - a
HSC70 ,
96 ( 2.2 scH SP70 mRNA
), 84 ( ) 4 , : 7
(8.5%) stHSP70 mRNA ,
(8.5%) (8.5%) (8.0%), , 2h
(0.5%) , (p<0.05),
sHSP70 dDNA  BlasiX , 4 HSP70 ,
HSP70 7 ,
stHSP70 dDNA Clustal W
( 2, (M acrobrachium 5 , 1h
rosenbergii, AY466497) (D rosophila melano- , HSP70 ,
gaster, A F295952) (M us musculus,M 35021) HSP70 ,
(Hamo sapiens, M11717) , ,
78.7% 73.2% 79.2% 79.7% ATP , ,
N (1—545aa) HSP70
C 0—s8h )
(M acrobrachium rosenbergii)  HSP70 (A'Y466497) ,

N 60
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1 GAAGACACAAGTGTCACCACATTCCAGTGTCAAGCACCTCTTAACACACGTGTCCATTGGCGAGGAGAAGTAACGGAGACTTGTCAATCT
91 TACAATTAACTCCCCGACTACACCAACTGTAAAGAAAGCCTGGTGAATACAATGGCGGATCCAGTAATTGGCATCGACCTGGGCACGACG
1 M ADPVIGIDLGTT
signature-1
181 TACTOGTGOGTGGGOGTGTTCCAGCAGGGCAAGGTGGAGATCATCGOCAACGACCAGGGCAACAGGACCACGCCTTCGTACGTCGCCCTC
14 Y SCVG6GVFQQGEKVYETITIAND Q@GN RTTPSTYVAL
271 ACCGACACAGAACGACTCATTGGOGATGCAGOCAAGAACCAGACGGOOCTCAACCCCAGCAACACAATCTTTGATGCCAAACGACTCATC
44 TDTERLTIGDAAZKNG QTALNPSNTTIFDAEKTEKITLI
361 GGOOGTAAGTTCAATGACCCAACCGTGCAGAACGACAAGAAACATTGGCCTTTTGACGTGGTCCACAGCAACGGCAAACCCAAAATACAG
74 G RKFNDPTVQNDEKEKHWPFDVYVYDSNGEKTPEKTIAQ
451 GTTGAATACAAGGGAGAGAGAAAGACTTTCAACOOOGAGGAGATCTCGTOCATGGTGTTGACCAAGATGAAGGAGACGGCAGAAGCGTAT
104 VEYKGEREKTTFNPEETISSMVLTEKTUHTETET[AEAYT]
541 CTGGGOCAGAAAGTGAAGGACGOCGTCATCACAGTTOCOGOCTACTTCAACGACTCTCAGCGTCAGGCCACCAAAGACGCAGGTGTCATC
134 L 6o K]JvKDAVITVYPAYFNDS S Q@R QATEKTDATG GV VI
ATP/GTP binding site
631 GCCGGACTGAACGTTCTGCGCATCATCAACGAACCCACCGCTGCTGCAATTGCTTATGGGCTTGACAAAAAAGTAGGOGGTAGAGGAGAA
164 A GLNVLRTITINETPTAAAILAYGLTZDTEKTE KVYGGTRGE
721 CGTAATGTTTTGATCTTCGACCTCGGCGGCGGAACCTTCGATGTGTCGATCCT TAGCATOGATGAAGGOGTCTTOGAGGTAAAGTCTACT
194 R NV LTIPFDLGGGTFDVSTILSTIDEGVTFEVTE KT ST
signature-2
811 GCCGGAGATACTCACTTGGGCGGCGAAGATTT TGACAACAGAATGGTGAACCACT TCAAACAAGAGT TCCAGAGAAAATACAAGAAAGAT
224 AGDTHLGGETDTFDNRMVNIHFZ K QETFQREKTYTZKTEKT?D
901 TTAGGTGGCAATAAACGAGCTGTTCGTCGACTGAGAACTGCCTGCGAGAGAGCCAAACGAACTCTTTCATCCTCCACTCAGGCCAGCGTG
254 L 6GNKRAVRRLRTACETRAKRTLSSSTG QAT SV
auclear localization signal
991 GAGATCGACTCTCTGTTCGAGGGTATTGACTATTACACGTCCATCACCCGCGCCAGGTTTGAAGAGCTGTGTTCAGACCTCTTOOGAGGG
284 EIDSLTPFEGTIDYTYTSTITRARTFEETLTCSDLTFTRGEG
1081 ACACTAGAGCCAGTGGAGAAGGCTTTGAGAGACGCAAAGATAGACAAAGCTGGCATCCATGAACTGGTGTTGGTGGGAGGGTCTACOCGC
314 TLEPVETEKALTRDARKTIDTEKAGTIHELUVYLVGGSTR
1171 ATCCCAAAGATACAAAAATTGCTGCAAGACTTATTCAACGGAAAGGAACTCAACAAATCAATCAACCCAGACGAGGCGGTGGOCTACGGT
344 I PKI QKLLG QDLTFNGEKTETLNTEKSTINPDEA AVAYG
signature-3

1261 GCTGCCGTACAAGOGGOCATOCTACACGGAGACCAGTCTGAGGGOGTGAAGGATGTTCTCCTGCTGGACGTGGCGCCTCTGTCGCTGEET
374 A AV QAAILUHGDO QSEGSGVYZ KDVYLLLDVYAPLS STLEGE
1351 ATAGAGACAGCAGGTGGAGTGATGACAGCTCTCATCAAACGCAACACAACCATCCCAACCAAGCAACAGCAAGTATTCACCACGTATTCT
404 I ETAGGVY MTALTIEKRNTTTIPTEKQ QQQVFTTYS
1441 GACAACCAGCCAGGTGTGTTGATCCAGGTGTATGAAGGAGAGOGAGCCATGACAAAAGACAACAATCTTTTGGGCAAGTTTGAATTGAGT
434 D NQPGVLTI®QVYEGETRAMTEKDNNTLTLGSGEKTFETLS
1531 GGCATOOCTCCOGCACCTOGOGGAGTGOCTCAGATOGAAGTAACCTTOGACATCGATGCTAATGGCATCCTTAACGTATCTGCGGCCGAC
464 G I PPAPRGVYPQIEVTTFDTIDANTESGILNYSA AATLD
1621 AAGTOGACOGGCAAGGAGAACAAGATCACCATCACCAATGACAAGGGTCGOCTTAGTAAAGAAGAGATAGAGAGAATGGTAAACGAAGCA
494 K STGEKENEKTITTITNDTEKGRLSEKEETIETRUMNYNEA
1711 GAGAAATACCACGAAGACGACGOCAAACAACGAGAAAGAGTGGAAGOCAAGAACCGCTTAGAGGCTCTGTGCTTCAGCATCAAGTCGGCA
524 EKYHEDDAZRKG QRETRVYEAKNTERLEALTCFSTIEKS SA
1801 GTCTCTGAACCTTCAGTTGGOGACAAACTCTCAGOOGAGGAGAAGAGATOOGTCGAGGAGAAAGCTCAAGAAACTCTCAACTGGCTGGAC
554 VSEPSVGDE KLSAEETZ KRSVETETE KA ARQETTLNVWTLD
1891 GOCAACCAGCTGGCAGAGAAGGAGGAATACGAGCACCAGATGAAGGAGTTGGAGAGAGTGTGGCGTCCTCTGGCCAGCAAGGTGCATGGG
584 ANQLAETEKTETETYEHO QMEKETLERYTWRPLASTEKTVYHSGEG
1981 CAGGGOGOOGGOGGAGGCCAGGGAGGAGCTTOOGCTAGCTOGGGACCCACAGTCGAGGAGGTCGACTAGACATACGAGCTGAGAATGCTA
614 Q GAGGGQGGASASSGPTTVETETVD %

2071 OCTGAAAGTGTTTCATTTGTTCATGTTATTTGTTTAAAATGTCTACTGAATTGCCGTGCATGTTTATGTAATAATAAGGAAAACAAGTGT
2161 TGTTTTGTAATATCTTACAAATATTTTGTTATATGTAAACCCATGGGTATGTATTTTTGTATTACAATGCCGAAGCATAAAAAAAAAAAA
2251 AAAAAAAAAAAAAAAAAAAA

1
Fig 1 Nucleotide and deduced anino acid sequence of sHSP70 dDNA
sHSP70 signatures-1, -2, -3, and the nuclear localization signal sequences are underlined, and the putative ATP-GTP binding site isboxed. The potential
nonorganellar eukaryotic consensusmotif is underlined with dots and the cytoplasnic motif carboxyl teminal region (GPTVEEVD) is in bold.
The siop codon ismarked with an asterisk
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Crayfish Hsp70 -MADPVIGIDLGTTYSCVGVFQOGKVEI IANDQGNRTTPSYVALTDTERLIGDAAKNQTALNPENTI FDAKRLIGRKFND 79

Prawn HSP70 = =  —---- - oo mm oo m o e e e mm e —— o M. W VB cnvnnnon D. 20
Fruit fly Hsp70 ---M.A.............. ViHG i 5ei minm sidii bus 55008 bl F..S...... P oa VM iRuaWans os ois ot ¥YD. 77
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Human Hsp70 MAKAAAV.......oonnevnnn He oo s 506 w06 ain e 000 aiers oo Boenosnsenoowss Voo Qo Veeeneeannes G. 80

Crayfish Hsp70 PTVQNDRKKHWPFDVVDSNGKPEKIQVEYKGERKTFNPEEI EEMVLTEMKETAEAYLGQKVEDAVI TVPAYFNDSQRQATKD 159

Prawn Hesp70 wia s a8 M nie s e T..5BQ.... MK..P...T..cocosesoccscccncesssnne KT.... 5\ Ceeosevocsne 100
Fruit fly Hsp70 .KIAE.M..... K..8DG..... - SRR B.RA..ccvesocesasTarnasgl BEIT, LG cogebtoprccccns 157
Mouse Hsp70 AV..B.M..:.. Q:.NDEAD, . V.. N, ,..BREB.P.... 0% 0 ¢ o gk p PP HE TN, M St 5descessacesss 160
Human Hsp70 VioBiNusv s Q.INDAD. . . V..B. oo TRT.ocuonwohd edloons 1 A PRI TR THM. ois 550 507 8s o wie s sie 160

Crayfish Hsp70 AGVIAGLNVLRIINEPTAAATAYGLDKKVGGRGERNVLI FDLGGGTFDVESILSIDEG-VFEVKSTAGDTHLGGEDFDNRM 238

Prawn Hsap70 seBhate anjamis o vva mie @ e o sie WHL avuie o0k} LeooKldaod Mo I.Vieoeoo 5 aivie o ) - R 179
Fruit fly Hsp70 eroEleis sia s 00 o siaieiine v ) Do dle oo BLSEET e e sonn wwim won wonow wime Pioo sBlivedRisususssssanvess L 235
Mouse Hap70 @ ....oeieleasfeoabgs ebleee RTG--K..¢covencescsncascsns TosDe=Tow ool s s o nis asivme L 237
Homan Hep70 3 = .9 . M\ eadhNdfoessaNfocatasns RPG-=K.cs snsnssessesnassna T aDo=Tyiesodlowonsssmeinssinse L 237

Crayfish Hsp70 VNHFKQE FORKYKKDLGGNKRAVRRLRTACERAKRTLSSSTQASVEIDSLFEGIDYYTSITRARFEELCSDLFRGTLEPV 318

Prawn Hsp70 sH vV 25 wisia & 55 Sie & % i s il aiv i i s i ses 48 Budve Bisve i@ h P Pis anininn B ok i W o 259
Fruit fly Hsp70 JTIRB, K. iais v s BE.P..hsceins Nos aenvininis s L o RN R o W o/ - (O A....N..Q.. 318
Mouse Hsp70 8 i VB Ko JH: oo TBQ . i 5o s ao s 5.6 oo siiod 6s w58 piois fo LG 5.5 oa sini ais Piiiiiie s iin oo 508 00 6 505 o 58 317
Human Hsp70 oiv o 5 WEs 5B oEls iodilBlDe 076 sliais als: & sl /616 s oa €I¥ isla Sais s Disoce 515 910 o i s siotn o os siis: 5500 4 '8l 65 Booeon 317

Crayfish Hsp70 ERALRDAKT DKAGTHELVLVGGSTRI PKIQKLIQULFNGKELNKSTNPDEAVAYGAAVOAAT T HGDQSEGVKDVLLLDVA 398

Prawn Hep70 = ........ L. GBAI..ccovcececcnsnnss B sioie o nie tors wiara wre) wi90e suein wis. o ¢ R R I 339
Fruit fly Hsp70 PR | R (R - o TR » | RN V.8...BP.H. N..L.ccccvenssnssncssesns £....6KIQ....V... 3956
Mouse Hsp70 = ........ M...Q..Desccvenennss VWesians PooRD . vcicaacnsnnscnsonsans M..K..N.Q.L...... 397
Human Hsp70 = ........ 2 FIRPEE « R » R Veieeosns P...RD....cccovse Bivuserrnne M..K..N.Q.L...... 397

Crayfish Hsp70 PLSLGIETAGGVMTALIKRNTTIPTKQQQVFTTYSDNQPGVLI QVYEGERAMTEDNNLLGKFELEGI PPAPRGVPQIEVT 478

Prawn HeP70 =  c.cccciscccccccnsssocsansonns Leooodhesssesanessnese Pioreoossecsossccssssssssscssse 419
Fruit fly Hsp70 .............. K..B..CR..C..TK.8..0 cavace Becicaseacnnnans A..TDiiiiiiicqsnnnngen 475
Mouse Hsp70 = ..... Lececienncanane 8...... b R P R...... - 477
Human Hsp70 = ..... D S.cccne PX.cseccnacnnsconsonsscososnnnsns Ricveoooene ~ceresens 476

Crayfish Hsp70 FDIDANGILNVEAADKSTGKENKI TI TNDEGRLEKEETERMVNEAEKYHEDDARQRERVEARNRLEALCFSIKSAVESEPS 568

Prawn Hep70 = ............. W s vionwissos sesssseossessess X oo W R EBDsvv ssionnonnns BV.Y...,.. CD.. 499
Fruit fly Hsp70 siolisie vvoiois 0wt K. ... AKH...K csaaes QA..D..cccnass ADE.E.H.Q.ITSR.A..SYV.NV.QS. EQAP 655
Mouse Hsp70 = ........... PeTecoaes Bhisioie winie sre »na yisie mis o 0is e Q...R.KAE.EV..D. .A...A..SYA .NM. .. .EDEG 557
Human Hep70 = ........... P.Tevevss Riiro s i o 55 sinin seve i aiers i [« P KAE.EV..... S...A..SYA.NM. .. EDEG 556
Crayfish Hsp70 mnmmnmmmmmmmm -------- KVHGQGA - GEGQGGASASEG- 628
Prawn Hsp70 o\ 555 e .C..Q..E...R..E......... FY..N...K...... ,=====c,..... G-YA.NA.YLG.T.G 5§70
Fruit fly Hsp70 .DEAD.N..LD.CN..IR...8.TT..... FD.K.E..T.HCS. IMTEMHQQGAGAAG. P, .NC.Q.A.GFGGYEG 634
Mouse Hsp70 LEG. . .EAD.](K.LD.C..VIS...S.T..D..,FV.M!E ..... CS.11.CGLYQG--AGAP.A.G-F.A.APPKGA. .S 634
Human Hsp70 ILRG.I.EAD.KK.LD.C..VIS..... T..,.D.F,.KR....Q.CN.II .GLYQG--AGGP.P.G-F.A..P-KGG..8 632
Crayfish Hsp70 -PTVEEVD 635
Prawn Hsp70 ~cess s 577
Fruit fly Hsp70 ey 641
Mouse Hsp70 ag..1.... 642
Human Hsp70 G..I.... 640
2

Fig 2 Multiple aligoment of scHSP70 deduced amino acid sequence (GemBank accession number. DQ301506) with inducible HSP70 cloned fram
other pecies Residues are numbered along the right margin. Identity is indicated by dots, and gaps are shovn by dashes
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House mouse Hsc70
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Fig 3 Phylogenetic tree shawing the relationship of red svanp crayfish HSP70 anino acid sequence to other HSP70 family members fran a
variety of ecies

Sequences used in the tree are Human HSC70 (P11142), Cattle H3C70 (BC105182.1), House mouse HSC70 (M19141), Chicken HSC70
(AJ004940. 1) , Axolotl HSC70 (AY029210. 1), Rainbov trout HSC70 (AAB21658), Zebrafish HIC70 (L77146. 1) , M acrobrachium nippon-
ense HSC70 (DQ660140) , Giant freshwater pravn HSC70 (A Y466445) , Marbled crab (DQ173922) , Blue crab_HSC70 (DQ663760) , Ameri-
can lobster (DQ173923), M etapenaeus ensis HC70 (DQ486134), M arsupenaeus japonicus HC70 ( EF091692), Tiger shrimp HSC70
(AF474375) , W hite shrimp HSC70 (A Y645906) , Fenneropenaeus chinensis HSC70 (AY748350. 1) , Honey bee (XM _392933.2) , M igratory
locust (AY299637.3) , Daomestic silkwom HSC70 (AB084922. 1) , Tobacco hormwom HSC70 (AF194819) , Houssmouse HSP70 (M35021) ,
Human HSP70 (M11717), Giant freswater pravn HSP70 (AY466497) , Red svanp crayfish HSP70 (DQ301506) , Pacific oyster HSP70
(AB122064) , Eastem oyster HSP (AJ271444), Tobacco homwom HSP (AY220911), Frit fly HSP70 (AF295952), E. coli Dnak
(BAB96589) . The distance is the proportion of anino acid sites at which 2 sequences are different. Bootstrgp values are given in percent
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Fig 4 Sami-quantitative RT-PCR analysisof stHSP70 mRNA expression )
in the different tissues of the crayfish in reponse o 2h heat shock s
B -actin fragnent was used as contol. (A) 1-7 lanes stand for tissues of ,
heat shock treament for 2h. 8-14 lanes stand for controls 1, 8: heart, 2,
9. mu<le 3, 10: hemocytes 4, 11: digestive gland; 5, 12: antennal
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CLONING AND EXPRESSION ANALY SISOF AN INDUCIBL E HEAT SHOCK
PROTEIN 70 GENE FROM RED SN AM P CRAY FISH, PRCCAMBARUS CLARKII

2N Yong, ZHANGL{, L IMu-Chan', WU Ren', LEILaMei' and X | E Shu-Tao'
(1. Research Center of Hydrobiology, College of Science and Technology, Jinan U niversity, Guangzhou 510632,
2. Key Laboratory of Aquatic Science of Chongging, School of L ife Science, Southwest U niversity, Chongging 400715)

Abstract: Red svamp crayfish, Procambarus clarkia, with advantagesof easy cultivation and availability, can live in vari-
ous tough envirorments, 0 intrigued researcherspay attention to its ecology, toxicology, physiology and immunology. We
studied an inducible MNA encoding HSP70 in P. clarkia which would contribute to extensive researches of HSP70s and
envirormental stresees An inducible heat shock protein 70 (HSP70) dDNA was cloned from red svamp crayfish by RT-
PCR and RACE, which named scHSP70. The full-length DNA of the scHSP70 was2271bp, consisting of a partial 5'-ter-
minal untranslated region (UTR) of 142bp, a3'-teminal UTR of 221bp, an open reading frame of 1902bp (ORF) and a
poly (A) tail and GerBank No. DQ301506. The gene contained only one exon according to amplification of scHSP70 fram
genamic DNA. The ssHSP70 dDNA encoded a polypeptide of 635 anino acids Based on phylogenetic analysis, the gene
was clustered with inducible HSP70 family members fran other ecies The ewolution relationship was consisted with tra-
ditional classification. Sami-quantitative PCR was employed to assess the temporal expression of scHSP70 mRNA levels
fran heat-shock treated and unstressed crayfish. Challenge of the red svamp crayfish with 2h heat shock resulted in dra
matic increases in the expression of HSP70 mRNA levelsin all tissues, heart, muscle, hemocytes, digestive gland, anten-
nal gland, testis and intestine, amongwhich, the highest expression was found in heart. However, under nomal condi-
tions, the expressionsof HSP70 mRNA level weremuch lower in all tissues compared 0 treated ones, egecially in haeamo-
cytes The upregulated mRNA expression of the HSP70 in the crayfish folloving heat shock indicates that scHSP70 gene is
inducible. These stress proteins provide invaluable infomation in stress repponse in the crayfish.
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