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Electronic cloning and characterization of HSP60 gene from

Syntrichia caninervis using bioinformatics tool
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Chinese Academy of Sciences, Urumqi 830011, China;2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A novel heat shock protein 60 from Syntrichia caninervis was cloned in silico based on the transcriptome
database of Syntrichia caninervis. Some characters of amino acids encoded by ScHSP60 gene, include the composi-
tion of amino acid sequence, conserved domain, physical and chemical properties, Signal P-NN, hydrophobicity/
hydrophilicity, subcellular localization, transmembrane domain, secondary structure of protein, the functional do-
main , signatures plus the homologies were analyzed by bioinformatics tool. Bioinformatic analysis showed that the
full-length HSP60 gene from S. caninervis was 1 841bp, and it contained a complete ORF which encoded 526 ami-
no acids. In addition, ScHSP60 contained a GroEL domain and belonged to chaperon-like superfamily. Further-
more, the encoded protein located in endoplasmic reticulum and there were six signatures in the encoded protein.
Homology comparison and phylogenetic analysis showed that the amino acid encode by ScHSP60 was highly homolo-
gous with the predicted HSP60 in Physcomitrella patens and that in Selaginella tamariscina, with homologies of
92% and 88.83% ,respectivelly. The above results will provide basis for molecular cloning of HSP60 gene in S.
caninervis.
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ANIE], PO 1 2244 HSP100 \HSP9O \HSP70
HSP60 . HSP40 Fl small HSP 6 4~ %%, Hih
HSP70 F1 HSP60 & FEfR~F. & T HSP70 (Wi 55 4
X Z T HSPOO [R5t HIAHX #5/>, HSP60 1EH
—Fh AR, HEENAY AR E H &gl A
IR EM . F2WF5R CUESE, £ B RS54 T HSP60
T U BN LR 5 BRI R 2 R
JiE SR ZEEASEIN R & E A R P B AR
AT R SR A B TR R4 . HA &
VIR A W15 B 2F 7 T AR R WARGE o A T
SRR AR DN EEAE P 14 ) s A sk A AF B P AR AR
HSP60 J:[A, JF I FH A W45 8 22 3 oy iz B R Y
FAF R 7 5 AL AR, T 12 35 DX 20 5 28 14 19 485 4 AN g
e, MIRAMFST HSPOO 143 R 245 44 Al A 1) 24 D RE 12
Ht—E A FEIS IR

1 #RFTE

1.1 5Rh7R%E HSP6O EE B F=ERH A

VAT 25 85 1) e S 2047 8. D 25, JH SOAPde-
nove AT R ; L EG I ( Arabidopsis thaliana)
f) TCP-1/cpn60 chaperonin family & FA4/E R #4ET, DA
Zoad PR A AL AE B % N BE R, FEAT A L BLAST
K g 5 3R 45 19 F 51 K 1T NCBL rp A G BfF (£ 45
blastp Fil blastx ) #4718 2 %5 5 1 Wt 14 74 T 1 B
TEHE(ORF) , B4 2 11, J§ PFAM Fl SMART
B PR S 5, 140 2 75 1) 1F Wl 52 8 19 HSP6O 35 K
51,

1.2 5Ah7RE HSP6O ER R HAEBELNEYIS
BESHAE

A AE 2 A2 W15 B 55 0 B B0 0 14 ) ok %%
HSP60 K& P 4% 1 2 51 20 kA7 40 A , % 5 PR
A 8 R T 4 ST S AR o A5 5 IR i K
PR/ ZRK M 4 M E (7 85 B 25 A B — 9 454 L )
RS TSRO SR YR R A A (AR 1) o

x1 IBWEAEYMEEFEEXSTIR

Table 1

The softwares of bioinformatics analysis in this study

a7 (Ttems)

3 #1 LE (Softwaers)

RSP 25 ( Conserved domai)
H AL 5 ( Physical and chemical propertie)
{55 K ( Signal peptide)
i/ 357K (Hydrophobicity/hydrophilicity )
V40 52 37 ( Subcellular localization )

15 IR 25 K9 35 ( Transmembrane region )
445 (Secondary structure )
DIHEI ST ( Function prediction)
TS 38T (Active site prediction )

http : //www. ncbi. nlm. nih. gov/Structure/cdd/cdd. shtml
http : //www. expasy. org/tools/ protparam. html
http ://www. cbs. dtu. dk/services/SignalP-3.0

http://cn. expasy. org/tools/protscale. html
http ://psort. hge. jp

http ://www. ch. embnet. org/soflware/ TMPRED_form. html
http : //npsa-pbil. ibep. fr/cgi-bin/npsa_automat. pl page = npsa_gor4. html

http://www. cbs. dtu. dk/services/ProtFun/
http : //npsa-pbil. ibcp. fr

2HERSHH

2.1 #FHEEIRS

LIFAFE I ( Arabidopsis thaliana) ) TCP-1/cpn60
chaperonin family & FAENARER, DL ad BREEAY 3 ¢
AR DR LA, AT A BLAST £, 1558 — 1> 1
841bp ) ¢cDNA J¥ 41, 2 ORF 3 {43 #r, i% cDNA
FPH A 4T —A> 1 581bp SERE Ay IF Il Be) 2 AE , i) 526
MEHER (1) o DRI IS 51 ATG Ry5h—
i (bpic +1) 76 +4 (L E B ERR N G, 755 il
4 Kazak RN, [RIET, 7F 3<UTR XA #LAIAY po-
ly A BB, WRPHIFHE R BN F I 5 — D H

BEEN 41 cDNA AZEASFAIE . ok, F ] NCBI
FASE B A (4145 blastp Al blastx ) 34738 R, 3 H
PFAM HI SMART %i#ji /2 48 5€ , % cDNA J3 51 % — 4>
IR EE R PRI 1 60 JEDA
2.2 iGBhFREE HSPOO ZEH{R=FIH S

i F NCBI {3 51 2% # 38 £ 98 &£ ( conserved Do-
main Database ,CDD) , 4387 15 il 2 #% HSP60 %t [X 4
TR 1 0 DR ST 45 A S Y 25 21 1o, 1A il o
HSP60 &4 GroEL {571, /& chaperon-like super-
family Z30% (WLIE] 2) | iX i — 20 3R B 1 A5 i Hy
T IO RERT AR B FE R — AR e B B & T K
60 HEH K%



218 4 #H £ B 3% %11 4

HﬁiCAGGCGGGAATTGACAAGCTGGCGGACTCCGTCGGCGTCACGCTGGGCCCGCGAGGTCGCAATGTGGTGTTGGACGACTTCGG
CGCGCCCAGGGTGATCAACGATGGCGTGACTATCGCCCGGGCGATCGAGTTGCCGAAT GCAATGGAGAACGCGGGCGCTTCTCTTA
TCCGCGAGGTTGCCAGCAGGACGAATGACTCTGCCGGAGAT GGCACGACCACCGCATGTGT GCTGGCGAGGGAGCTGATCAAGATG
GGGCTCTTGAGCGTGACGTCCGGTGCGAACCCCGTGGCTAT CAAGAAGGGAATT GACAAGACCGTGGCTGCTCTCATCGAGGAGCT
GAAGGAGAGGTCTGTTCCCGTGGAGGGCCGCGAGACCAT CAAGGCCGTGGCCTCCATT TCTGCTGGAAACGACGAGCT GATTGGCA
CCATGATTGCTGACGCCATCGACAAGGTCGGACCCGATGGTGTTCTGTCCATCGAGTCCTCTTCCTCCTTCGAGACCACTGTGGAC
GTGGAGGAGGGTATGGAGATTGACAGGGGCTACGTCTCGCCCCAGTTCGTGACGAACAACGAGAAGCTGATTGTGGAGTTCTCGAA
CGCTCGGGTGCTGGTGACCGACCAGAAGATCACGTCCATCAAGGAGATCGTCCCGGTGCTGGAGAAGACGACCCAGATGAACGTGC
CACTGCTGATCGTGGCGGAGGACATCT CCGGCGAGGCTCTGGCGACGCT GG TGGTGAACAAGT TGAGGGGCGTGATCCAGGTGGCG
GCCATCAAGGCGCCCGGGT TCGGGGAGCGGCGCAAGGCT CT TCTGCAGGACATT GCCATCATGACT GGGTCGGAGT TCATCGCCGG
CGACCTGGGCATGAAGGTGGAGAGCACGGAGGTGGACCAGCTCGGGACT GCGAGGAAGATCACGGT GAGAAGCGGCACGACCACCA
TCATCGCTGACGCCGCGAGCAAGGACGAGATCCAGGCCCGCATTTCT CAGATCAAGAAGGAGT TGCAAGAGACTGACTCCGTGTAC
GACACGGAGAAGTTGTCGGAGCGCATTGCGAAGCTGTCAGGAGGAGT GGCGGTGATCAAGGTGGGAGCCGCGACAGAGACTGAGCT
CGAGGACCGTAAGCTGAGAATTGAGGACGCGAAGAACGCGACGT TCGCGGCGAT CGAGGAGGGCATCGTGCCCGGT GGCGGTGCCG
CGTTGGTGCACCTGTCGGCGCTGGTGCCAGCCAT CAAGAACACGATCCAGGACCCGGAGGAGAAGCTGGGAGCCGACATCGTGCAG
AGGGCCCTGAGCTCTCCGGCGAGTCTGATCGCCAACAACGCCGGCGT GGAGGGCGAGG TAGTGGTGGAGAAGATCT TGGACAGCGA
GTGGCAGATGGGGTACAACGCGATGACGGACACGTACGAGGACCTGCTGGTGGCGGGCGTGATCGACCCGGCGAAGGTGACGCGGT
GCGCGCTGCAGAACGCAGCGTCCGTGGCCGGCATGGTGCTGACGACGCAGGCCATCGT GTGCGAGAAGCCGGAGAAGAAGTCGGCT
GTACCGATGCAGCC CCAGGGCATGACCATTTTTTGACGGTGGTAGGCGGTAGAGGTAAAGCACACTCATTCGACACTCATTT
TACATTCATAGTACTTGTAGT TGTAGGCTAGGTGACAAAGAGCCCAGATTTTCATT TGTAGCGAGAGT CGGTGCTTATGAGGAAGT
TTATTTCAAGCTGTATTAGGTTGAATTCT TGGAACCATAATTTGTTTCTCTTGAAGTGTTCCAGATAAACATGCAATACCATGAAG
GTCTGTTTTCGGAAAAAAAAAAACAAAAATTGGAA

MQAG IDKLADSVGV TLGPRGRNVVLDDFGAPRVINDGVT IARATELPNAMENAGASLIREVASRTNDSAGDGT TTACVLAREL IKM
GLLSVTSGANPVAIKKG IDKTVAALIEELKERSVPVEGRET IKAVAS ISAGNDELTGTMIADA IDKVGPDGVLSIESSSSFETTVD
VEEGMEIDRGYVSPQFVTNNEKLI VEFSNARVLVTDQKI TS IKE IVPVLEKTTQMNVPLLIVAEDISGEALATLVVNKLRGVIQVA
ATKAPGFGERRKALLQD A IMTGSEFTAGDLGMKVESTEVDQLGTARKI TVRSGTTTI IADAASKDETQARISQIKKELQETDSVY
DTEKLSERIAKLSGGVAVIKVGAATETELEDRKLRI EDAKNATFAATEEGI VPGGGAALVHLSALVPATKNTIQDPEEKLGADIVQ
RALSSPASL TANNAGVEGEVVVEK ILDSEWQMGYNAMTDTY EDLLVAGV IDPAKVTRCALQNAASVAGMVLTTQAT VCEKPEKKSA
VPMQPQGMTM

B 1 &REhFREE HSP60 EREMFF A EER RRLERF
Fig.1 The sequences of ScHSP60 open reading frame and its protein
TE A2 LA LR ORF JF 41 REER LR S 4 2 14 51

Notes; The ORF is above the line, the protein is below the line
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B2 i5EhIREE HSPOO RFEMH S

Fig.2 The analysis of conserved domain prediction of S. caninervis HSP60
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R
ZEW , PR aE HSPOO 35 [H 4 it 28 L 1R 1Y —
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Table 2 Primary structure analysis of S. caninervis HSP60

— R EER R iR S
AR LR 526
ZEH B (PT) 4.73
A FiE(MW)/Da 55469.5
L far 5% (Asp + Glu) 76
IEHL 5% (Arg + Lys) 54
AFR (2413H4030N662 0788517
ANFE RA(ID) 29.52
R E K P (GRAVY) 0.051
N AL (AT 104.77

SignalP-4.0 prediction(euk networks):ERP44_HUMAN

C-score
S-score
1LoF Y-score

C-score

oo HTTHTTHTHITHIITH

MHPAVFLSLPOLRCSLLLLYTUVFTRYTTEITSLOTENIOEILNNAOVALYNFYAOWCRFSOALHPIFE

0 10 20 30 40 50 60 70
Postion

B3 &RhIREE HSPOO {5 S RA TR
Fig.3 The Signal P-NN prediction for HSP60 of Syntrichia caninervis
TE - C score : JFUGBIYIAL KB SMEL; S score {5 5 IKHY /3 ; Y score: 27
AL
Notes : C score; original splice site scores; S score; signal peptide scores;

Yscore ; Integrated splice site scores.
2.4 igBNFREE HSP6O 55 AR 1 2347
F 5 IGR AL T E i — i E AR Y

B, aT A | A0 ER o 2 A D A 4 A 4 i Y
IERA S E 7. R F SignalP3. 0Server Tl 4 fl) 75
BEREEE 60 BAE 5 IR, SRR 3 R 3. AR 4
Pl 3 R 3 A BSR4 il AR EE HSPOO IR iy 25
TR EE e 30 F1 31 (7 & B — METERI(E 5 Ik
ikl FEH CIRRIES Y FomgELl & S fmifait
TR — X3, N, t 2R & HSP6O 5 A {5 5 Ik, i
HEAEMMTE G , 7 25 s IR AL E (N
[l ) LI 7 FAR S AR -2 DI fE
x3 EMFERMER 60 55 KEN
Table 3 The Signal P-NN prediction
for HSP60 from S. caninervis

© i b
EfLaN mu orE P
(Measure ) (Site) (Score)
max. C 30 0.427 H
max. Y 30 0.586 A
max. S 9 0.95 f

2.5 H5RHFREE HSP6O BRk 14/ FEK D HT

JH ProtScale X ik [y 7 &% HSP60 i P i % 114 42
FERR A W i KM/ 2R KPR R T 10 (LKL 4) o H
Kl 4 v] LLE 15 B A EE HSPOO Z Jik4E A9 26 373 fi
HABARW /A, 2. 222, 5K P i ; 55 406 i
HA B ME, A 2. 156, Bi K P i, FESRZ K
BERI A SR KM A I B K X, R E, HE
ScHSP60 4 [ & —FP Al P o
2.6 5RANFREE HSP6O fYiF 40 B 7E {iL

J3; ] PSORT T LSRN A ) o EE AR AR 1 ) T2 A
TENL, A HTAE RN . MRS TT NS MR 1 60 fA7E
THEY AR A LE AR s rh AN T ) SRR HEg A
RIS R I, AR IR R 4 P I AR EE HSP6O 114
AR E AL AN [RIRE SR TR, U3 T PR e R e A T
PR BT R AR R BB PR SR, E 4 0. 650,

Protsoale output for user sequence
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B 4 iGRhIREE HSPOO B FE SEEET K 14/ Sk 1T H
Fig.4 Predicted hydrophobicity/hydrophilicity of the sequence of HSP60 deduced amino acid from S. caninervis
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Table 4  Subcellular location of S. caninervis HSP60

I obetivd HER

P 5 W i ( endoplasmic reticulum ( membrane ) ) 0.550
PN 53 9 5 ( endoplasmic reticulum ( lumen) ) 0. 100
AL 5 ( eytoplasmic ground substance ) 0.100
FERFEAE (Golgi body) 0.100

2.7 iGRhIREE HSPOO Ry ES B 45 H g T

FIH Expasy 447 ) TMHMM Server v.2.0 T.
FLTI0 14 ) 2R 6 HSPOO Y55 R e IX., 45 5 DL IAT 5
SEIL R I AR EE HSPOO AN JE AR 11, G i e
X,

TMHMM posterior probabilites for Sequence

1.2

o
o =

probability
=}
=

2.8 5RhFREE HSP60 — R &E 44 4 B Fouill

X I A HSPOO e P 2B 2 1 A9 — 25 Mgt
TPt B, HFE 2 W 4 MIE XA, K, o 1855
(Alpha helix) (5 54.75% , B $7& (Beta turn) 5 8.
56% , JiEfH14% ( Extended strand) /5 12. 17% , JoHL )
#:1i (Random coil) (5 24.52% . K EEM P LL o 12
JRERT 4 L A, HON-A i DL o B XA TE, C
At ATt CFE e (LI 6 FiEkS) .
2.9 HRHFREE HSPOO B ThBe il

FH CBS 1Y Profun {4 50 14 11 7 8 HSP6O %k
PR 2 i 2 1 B DI RE , D BE LK 6, AR 6 FIAI, i
EHEARENEE FEIE S WE 5
B sk IRe Ry AT REE 430 12. 682 3. 174 2. 965
LT XAFE PRI & s 0 N Bk L
HIV BOE R (R G 3 W) D RE R T RE

5 5RNIREE HSPOO HY Z 4R £5 4 Tl 43 4

Table 5 The analysis of secondary structure prediction

0.4
of HSP60 from S. caninervis
0.2
LR REEIR R
0 ' ‘ ' ‘ | o BeH (1) )
0 100 200 300 400 500 —
transmembrane —— inside — outside — o BRiE 288 4. 75%
B #77& Beta turn 45 8.56%
5 T igRh7REE HSP6O %% 45 ig Fil A1 64 12.17%
Fig.5 Predicted transmembrane domain of S. caninervis HSP60 N
TE RN it 129 24.52%
ki \HNN1“"‘||)"‘!\W"ﬂ\“ﬂl\ﬂ"""(
) I 1 1
03 @g 10 g 200 300 400
3 @ @
| L2
F I I\
‘ A
[ \ | ! j
’ ‘ I ‘ ‘ i 1 ‘ i " '
i ‘MI w N Y W I A VLN st Y t ‘ L | i | VA ol | f‘\
RA W AR
‘ LII J L‘I ] U ‘ | L \ W i I |||‘
!
L 1 1 1 1
0 100 200 300 400

B 6 Tl RhIREE HSPOO B ZREEHA

Fig.6 Predicted secondary structure of HSP60 from S. caninervis

E: Qo B1E; OB 18 OEME; DLEMBH

Notes: (DAlpha helix; @Beta turn; 3Extend strand; @Random coil.
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F® 6 HRHIREE HSPOO ThAETM

Table 6 The function prediction of S. caninervis HSP60

Gene Ontology category Prob Odds

Signal _transducer ({5 515 5) 0.205 0.958
Receptor ( 3214 ) 0.007 0.041
Hormone ( %) 0.001 0.154
Structural _protein ( £5F4 5 1) 0.003 0.107
Transporter( iz #;/4) 0.025 0.229
Ton_channel ( 1518 ) 0.169 2.965
Voltage-gated_ion_channel ( F, JE [ ] # &

o =>0.279 12682
TFiEiA)
Cation_channel ( JH 2§ 1318 ) 0. 146 3.174
Transcription ( #4355 ) 0.219 1.711
Transcription_regulation ( #5544 0.111 0.888
Stress_response ( 361 N 22 ) 0.073 0.83
Immune_response ( %5 Vi %) 0.011 0.129
Growth_factor( A= & [H+) 0.005 0.357
Metal_ion_transport ( 43 J& & 1415 ) 0.018 0.039

2.10 {5 RN ZREE HSP6O FYTE AL &S 430

FIF NPS( Network Protein Sequence Analysis ) ht-
tp://npsa-phil. ibep. fr FLfLAY Prosite Scan X 14 il
&f HSPOO #4728 1 IS PR s o0 BT, 45 R A3, 1
JaE HSP60 A4 6 S 07 a5, 43 3l iz« N-Afl J Ak Aor
S, cAMP- FI cGMP-{ 1 ) 8 1 I B R AL 0 A5, 26
PR C WERR AL (LA, 19 2 VO 11 MR A (o i, N-
E B, SRR 60 17 S A7 5, X A R 5 X
B AR o TR A ORI S5 A W 2 T RE A K
(WET),

R ERNFREE HSP6O 7E NPS H i iE AL s T 23 47

Table 7 Scaning of S. caninervis HSP60 for the site/signatures against proscan database in NPS

EL N

Format name

hgdke
Prosite access

number

BIERRT 5

Amino acid

CExT

JEL A4 A Randomized
Motif model

sequence probability

N-H AL A7 15 N-glycosylation site

cAMP F1 cGMP

AT 2 1 SRR AL L
cAMP and ¢GMP dependent protein kinase

phosphorylation site

HH#RE C BRI

Protein kinase C phosphorylation site

i £ 1V T BERR AL 5

Casein kinase 1l phosphorylation site

N- B AL A5

N-myristoylation site

S THEAB 60 {5 57,
Chaperonins c¢pn60

signature

PS00001

PS00004

PS00005

PS00006

PS00008

PS00296

66-69 NDSA

NiPI[ST]{P| 385-388 NATF

5.14E-03

[RK](2)x[ST] 305-308 RKIT 1.57E-03

127-129 TIK
213-215 SIK
303-305 TAR
308-310 TVR
346-348 TEK
350-352 SER

[ST]x[ RK] 1.42E02

68-71 SAGD
165-168 SSFE
169-172 TTVD
190-193 TNNE
213-216 SIKE
280-283 TGSE
296-299 TEVD
322-325 SKDE
342-345 SVYD
369-372 TETE
371-374 TELE
416419 TIQD
470473 TYED

[ST]x(2)[DE] 1.48E-02

3742 GVTIAR

72-77 GTTTAC
103-108 GIDKTV
143-148 GTMIAD
394-399 GIVPGG
398403 GGGAAL
498-503 GMVLTT

G{EDRKHPFYW| x

1.40E-02
(2)[ STAGCN] | P}

A[AS]{L}-
[DEQJE{A}{Q}
[RIXGG[ GA]

389400

.18E
AAIEEGIVPGGG 6. 18E-08
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211 i HSPEO [RIEHES M
A4H7 D 75 48 HISPOO 2 11 545 /N ST B BE %
WIERE BT K R R R S A HSPe0
LA TR HXh % B, 2 £ 42 F1 K P b B
REHO—SCPE, B, $9 ) AR 6 HSP6O 5/ 37 B i
W HSPOO. [ 7] U8 P 5 5 , 5 51 929% ; 5 % #1 1)
HSP60 [ FIEFEY 2 L 1551 88. 83% ; 5 HIFE SR A
E R 83. 65% . & Bl MEGAS. 0 #k 4, Fi NJ
( Neighbor-Joining) HeH €L (TLIEL 7) , % BLi%
AR A3 T =K 32, G HSPOO Bl g — %, fir

85
100

FEHS s U5 B AR HSPO0 5 /)87 i Fih () HSP6O 1l
B HSP60 5l — 3¢ ; Hp Wy (4L 2 vr H 75 |
Wi RN AT B SR BRI N KRS
GEREK) By HSP6O A —7, ML, 15 3] Y
FEP & HSP60 JE[H, If-45 7R T ¥ iy Ak % HSP6O & [
Y ZERE S, T TRT SR ELA% AR W) (4R35 ) HSP6O 2 11 4544
Ir] e SEAE ) (AU R I 55 ) HSPO0 25 1 45 44) 119 2o 3
B XA A 1 W AR B B AR ) A AR T Y
PR

Triflium pratense

Medicago truncatula
Pisum sativum

Glycine max

Vitis vinifera

67

100

100

5‘—!7

99

Ricinus communis
Brassica napus

Arabidopsis

T Triticum aestivum

Oryza sativa
100 l_' _|: Sorghum bicolor
65 Zea mays

99

Selaginellamoellendorffii

Physcomitrella patens
Syntrichia caninervis

0.05 |

Chlamydomonas reinhardtii

B 7 iSRhFREE HSPOO B A F Tt L
Fig.7 Phylogentic tree of S. caninervis HSP60 based on protein

3 itig

HL T 5BEAR (in silico cloning) JE 5 T A= 17
Bl 2 H EST (expressed sequence tag, 3% 3% F¢ 51 5
%) Bt e AZ IR e 0 KA AN A TR A A
AR B TR ALER , R ¥ 41 [6) 5 L
XF RIS S Hr 7 28 X I 5 I DF 4 45 T V6 A T 4B
K EST JF 51, Wik $ A5 o g 3 R g 01
51£4; RACE HiAR K 4K cDNA SCJE i i 1) 7 [ I
PRI AR L, AR B R AR X PR
AR BRAREELE T o HRT, LR T 3RS
H RN RS b P 252

AWFIE LA s 20 A5 8 O BR A, i T L 7 SeRE 4
AP T — A2 KA1 T R 6F HSP60 JE[H , I
F A= A5 557 53 B B AR X i 5L DR 1 5 K A | 2
T 2 A BRARE BT T A L 57 AR )2 D e S kA T
T, WSS AR, A I o #E HSP6O J& T HA
HH 60 K%, 1ZE H A e B A 41 AP e s 4
G BEERA YA R YA AR T R TR
BRI | PH R I R R SR e A A
BT B N I RE . AWFIEAE R IR AT
FZEERMRINGE R AW 0ihe, LA T i

RS B2 E
(LR 2 i

TEEE IR T AR

4 i

(1) F T I AR 16 s 2005 8, T HL - s B
ARPAF—2 K 1 841bp BYPGHEE H 60 JE[A, €
& 1 581bp BYTF A BRSEAE , it 526 > Z ILRR R AL ;

(2)fdi F] NCBI R-F 451 B 12 73 B 7, 4
B H & A GroEL 4573, & chaperon-like super-
family Zji%;

(3) MV 20 M 57 23 A AR 5 IR0 7 L iR
SENL TN BT, AATEAR DGR 5 Ik 5

(4) ] ProtScale X% 5 P Jii % 1) 28 KL 1R 7 41) ik
ATEL KPR/ ZEOK P , 45 2R 8 7s i 1 B A SR K
5

(5) K| Expasy ) TMHMM Server v. 2.0 T.E.
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