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REE, = X , Rk, KEX,

) W -
BT R AFOK 2 BE M A BT 361021)

IREESET T Hspd0 BEE R TER RIZFIES
h R, 4B R

—~

FE . DIz R ¥ 4% X 40 F K 8 unigene 7 7§ A, & A RACE (rapid amplification of
cDNA ends) & A 5 B 3K 13 T 35 % 3 09 W 4 Hsp90 3t F 7 7| : PhHsp90-1 fu PhHsp90-2, JF 7
AT % R K, PhHsp90-1 7 5 & K 2 572 bp, 1, & — A~ 2 427 bp Wy FF 3 A8, FT e B 19 % K
W4 809 MNE KA, 0 FE N 90.2 ku, F KN 4.79, 8 T Hsp90 iy it M I K ik (& & 5.
KF732651) ; PhHsp90-2 7 7| &K 2 510 bp, @ & — A~ 2 280 bp #y 7F 2 A 13 4E , Fr 4 #5 19 % Tk &,
4760 NE HEFB, 0 FE N 86.2 ku,Zd E H 4.81, 8 T Hsp90 4 L JF T K 7k ( B % & .
KF732652) . £ H KX KFWHEE I ERK A, & IR KA M E X H & PhHsp90 £ F %k
FAARFHEREY N EEXFIEX L FENREZR. SEMETRREAXTET, AL
PhHsp90 AW kA H XA AR L AR THANE S  MAERAKBET, Yk KENT 60% i,
MAXHANFRAKFHEALERERMHM,ES R KEART 60% i, 74 £ H kA AT
B W ,HAES PhHspI0 HEH AN AR fmE kK P XA EFERZEA,

KW m £ ¥E; M E A 90; RACE; %t & PCR

HESES: Q785; SI917

P H (heat shock protein, Hsp ) J&—28] 72
FAAETREE WA N B B R SF IR H, B AT
ARG A SR AT RS, W2 S S A R
A TR ST TR A IR A A A R R A
WU KA S ST L EE TR . AR
i P A IR LU R A W) o T RE A R AN [, R BOR]
¥ Hsp 43N 5 A~ Ji% : Hspl100, Hsp90 , Hsp70 , Hsp60
JesWNir§- Hsp(smHsp, 7pF-H 4 12 ~43 ku (R
F) o MRS EAR  Hsp fE40 M0 1F Qi 2
TUoT R AT S 22 s IR i 450 2l T 6
RS T WS 5 A5 € 3 F A5 4 2 5 8 1 o
REITR SRR SR

Hsp90 3 # LA [a] I — AR T A7 e, F 8
PLFANE T (B A — S B 5L A AE T A 5T Y R
AT 25K S5 7. 40 JE 88 o, LA B 435 IO 38 oz 8
FUUR T HLT AR N 00 2 Fh A= BE22 ThRe , 76 i A 2 AL 40
LA 0y e 2 7 A R B VG S L T R R

%5 B #9:2013-10-24 &[] B #§:2013-12-10

XHkFREES A

FA SRR TR A1 T, DR 32 B BOR B 2 1 5 i
H ®TE M ILRS ¥ (Arabidopsis thaliana) ™ % K ( Zea
mays) """ K FG (Oryza sativa)'™ /N3 (Aegilops
tauschii) ' VAR IAD Z AR T oy A B T
T Hsp90 [ 4K HE PR, 3o, Krishna 25 AL %
LD 4L vh gy B 4% B B Hsp90 ZE ik 7 S i Bt
AtHsp90-1/ -2/ =3/ —4 5 {0 T4l }fi J5 tf , AtHsp90-
1, AtHsp90-2 FI AtHsp90-3 I 53] 5 i T -2k £k
BLRFI T o, ZEM VKA, BRTHEE M
4 54460 ( Haliotis discus)'™ SEIT4E05 ( Crassostrea
hongkongensis )" | ¥ B 1 #F ( Exopalaemon
carinicauda) "’ £ BE 4 3% ( Porphyra yezoensis)''®
P54 3% (Porphyra seriata) " Wi ST 3RAS T Hsp90
R W, B2 4 R W IE % 3K (Pyropia
haitanensis ) Hsp90 ik E: R LRI S .

R AR T2 1) T Y ¥ A 8 R % A K 7 SR Bl R
Z TR A B B A PR AR S, O 4

FHIMAE B R AN =" WAV KRR (2012AA10A411) 5 B K B R B # I 40 H (41176151,41276177 ) 51748 w5 PEAT ML B
W0 (201105008 , 201105023 ) ; 1 2 44 Bl £ # o % i % B i H (2011NZ0001)
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MR 75% DL b, B 7 TR UL 4 VAL
30T A AR A A R T A v XA —
FhORRYIEHE , th T 32 809 45 1, 1 T ek, 15 4
SR AR TR I £ B L 2 7K LB O R R 48 41 T 45 %
FhAEAEIE AR 0 2 2 A R4 AR
KL TR S TR s S e R T
F R DR ORI 5 S 55 3 4 S B
GBS 3T T 0 0 5 AR 6 B R R LA 4
B, AT IR AE A 15 S8 305 S AL W Y 1
SR B, Xk 2 SE Hsp90 KM MBI 4 3k
(PhHsp90-1 1 PhHsp90-2) k47 4 4 5 W , I it
3T 3 T 4% e PR A i T R R K D T 3 3 7K R
AEAY VA LA I 5 3 k30 245 H B

UM Tk

1.1 IRERFmEELE

PR R N T 2% 58 38 5 4R A4 19 32 28 5 T 1=
TP R Z-617" I AR A A 5 5 SR T IR
o BHIREESR Z-61 MRMRAE IR W I T 15 5%, By
FEE MO IRE 21 T, 6 B 50 ~ 60 wmol
photons/ (m’ - s) , Y& HE & # 12L: 12D, (f§ 2 K
Fui UEH I K — ), R R IR AR A (15 £2)
em B, B HCH P AR A DG T SR A
THEBAE R A (@ FE R E T (29 £0.5) CrydE

TR BRI TR AR b AT B R 38 b B (AR 85 37 2 1
[ IR 2500)3 h SR S8 20 , 2 BCE RNA I3
% s i cDNA J5 T Hsp90 Ze Rk A i) 42 K e b o

S (15 £2) cm 58 EEIR B T (29 +
0.5) C e i ' B85 3R 46 v 43 591 BEAT = R A
Ab R (AR B SR SRR 254 0.3 .6 12 .24 F
48 h J5 , $2 B G RNA & i b o 450 2
IR 92 56 E i PCR(gPCR) 734 o

() BN, PR B — 2 e A, T2 A e TR T e AR R
WK G, BT TR BT 21 C OB
50 ~ 60 pmol photons/(m* - s) i T4 46 N T 4k
IR o AR S 0 A R A T R I T 23 S ORE R
IKEH 0.10% 40% 60% 90% [P FE i Fil T8k 2K
IKZRIK A 90% J5 P2l T 58 b i K b By SR
30 min Ji5 (& 7K) BOARE S 2EAT B RNA B4 5, H]
TRIK W30 25 4R 3k B ik 7K P 1) qPCR 3 7,
FROKFIR AN KRR = (B - RKJGH#MKE
#)/(ffH - TH) x100%

PL A Ab B, 308 3 AP AT .
1.2 5|¥RERFT

2K A RACE 973 | BHPE 52 B 0 % L 42
BUE LA K HE P 3R 7k 7K F qPCR 23 A B Rk T B9 5
Py sange 1 s, B B e TAEY TRARA
CiRES 9

F1 ZBEHEFTASIWEERNFS

Tab.1 Name and sequence of primer in this experiment

& S A 519 4 FR FIMFEEI(5-3")
usage gene primer name sequence
R901GSP-5’ GGACTTTTGTAGCATCTCGC
RIOINGSP-5' TCGCGGATGGTAAAGGTCTG
PhHsp90-1
R901GSP-3’ GGCTTCTGCCACGCTATTTG
AR RIOINGSP-3’ CCCGACTACCAGGGCTCCAA
RACE R902GSP-5' CACCAACTTCTTCCCATCATAC
R902NGSP-5' GGAGAACTGCTCGTAGAACACC
PhHsp90-2
R902GSP-3’ CCTCAACTTTGTGAAGGGTGT
R902NGSP-3’ CACGAGGACTCGCAGAACCG
PhHsp90-1 H901F GACATCATCATCAACTCGCTCTACTC
S -
2 K IIE r H901R CCTACAACTCATCGTGGTCCTCA
head to toe H902F TCGTCATCCCGTCTGTAGTG
PhHsp90-2
H902R ACACCCACCCGACTCTACAC
Q901F TGCTGAGGACCACGATGAG
PhHsp90-1
EE T Q901R CCACGCAGACGGAGAAATA
gqPCR Q902F CTGGTGACGGGTGAGTATGG
PhHsp90-2
Q902R GATCGAGTTGGTCGGGTTG
N UBC UBCF TCACAACGAGGATTTACCACC
internal control UBCR GAGGAGCACCTTGGAAACG
BF 1 B A O RV-M GAGCGGATAACAATTTCACACAGG
validation of positive clone M13-20 CGACGTTGTAAAACGACGGCCAGT
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1.3 S RNA WIS B4k

WeAR IR S BEAR 0. 1 g, 2 B LRI T A R
JEJG, R E. Z. N. A fH ) RNA $& B0 7 &
(OMEGA, T [5] ) 4& H 4 K i 19 5 RNA . 22 5E K
HL VKRS £ BT 92 S RNA A 56 % 4, JF 78 Cary50
SOy e R T B4y I 2 OD g, Fl OD,, fH , AR
P o 45 SR RNA (v B2 40 I A% 1% 0 2R 1 o
975 G 16 Ol o
1.4 PhHsp90 EE M £ KRE

MRS 325 5% 3¢ 5 ¢ 4 B0 HE )% unigene 1 11 B¢
ZE B Gk 5 Ak Uk A X 3E ( Chondrus crispus)
Hsp90 J& [A F¢ 51 A0 Bl 1 & 56% #Y unigene
(CL846. Contig2 ) /£ &y PhHsp90-1 X K 4 K 7%
B HAZ 0 e B, [ I 0 6 1 5 2% BE 5 5 Hisp90
B R 80 AR L 93% #Y unigene ( CLS8O.
Contig2 ) {E & PhHsp90-2 3t A 4= K 7 [ 10 4% 0>
Feal o M %0 e 91, 23 5 it PhHsp90-1 il
PhHsp90-2 3 [H 5'-F1 3'-RACE §" 4 (1) 4§ 5 9~
W59 (GSP) M E A G (NGSP) (£ 1), & 1]
SMARTer RACE ¢cDNA Amplification Kit 5] &
14358 199 23 9] BE 4T 99 4~ 2 Y 57-A1 37- RACE 4
. ¥ RACE 935 i B 19 Fr Be by e 1m0 i L #% 4k
% E. coli DH5 o [EZ AN, £ 5 F BE i 18 Al
PRV o B 30 TR /S % 1 R % R A A IR A\ i AT
MR
1.5 PhHsp90 EEFH £ KEIE

TR R AR A A A SR Y SR 37 )
580 F 5 & X, R J§ DNAMAN 5.2.2
(Lynnon BioSoft) {1 it 47 $f 4 , A% 4 P Y
ERFH . RIE RGP RS B 2 K )F 8, i
i Head to toe 5| ¥, LI RACE " 3% I} 4k 15 Y
cDNA Sy, #1758 PCR §" 1y, [A] A 9 4%
7 HEAT OB I Wi B A A, O T 4
SR H 45 R AT WX, DL R 4 K o BE Y OE
ik
1.6 PhHsp90 EEMEYERFTT

Xf B AR A B 42 I 5 TR 1 F) ] NCBI R
Blastn 2 /¥ # 17 )3 41 [m) 5 ¥4 46 00, - % Al ORF
Finder ( http: / www. ncbi. nlm. nih. gov/gorf/
gorf. html) B A4 3 Hr 45 J& A 19 IF 7 ) 132 2 ( ORF)
0PI 44 5 %4 5 TR P 91 5 FH A 2 K+ PROSITE
(http: // prosite. expasy. org/) , InterProScan ( http ;
// www. ebi. ac. uk/Tools/pfa/iprscan/) i PrediSi

(http: / www. predisi. de) 2 4% J [F 7 51 (1 £ 5F oL
RURME S K5 5 5k BT Clustal X' JEAT 28 3L 1k %
TFES X, IR I MEGA 5. 10 #i {4y 4 1
Hsp90 #5 1 1 &R G 1 .

1.7 PhHsp90 E[EKiLKFEH qPCR 5347

R4 5L P 91 58 31 qPCR 1E 2 7 51 91, 9 LA
UBC #:HAVE NN S, #4T PhHsp90-1 1 PhHsp90-
2 PRAE v R G K W8 Sk R R Ak OK P
qPCR 7341,

PLHL 4 4 FE 5 0 RNA #% PrimeScript® RT
reagent kit ( TaKaRa, X & ) % i 9] 45 #F 47 8 1F .
25 WL MY R AR &AL £ :12.5 wL 2 x SYBR®
Premix Ex Tag™ Il ( TaKaRa),0.2 umol/L 3|4
M2 pL REESE= . P REF R 95 CTAM 1
min;95 C 10 5,62 €T 30 s,40 MEH . G LE
JEM 55 CHEETHE R 95 C, & hmmihd, ¢
g2 i PCR § 4 7 ABI7300 # 52 & PCR {¥ I
#H47.

DL 10 x & B2 #i BE ) cDNA Jfy B2 AR 2 47 € &
PCR §"3¥% | /E PhHsp90-1, PhHsp90-2 F1 N 2
PRI PR b o T o R 5 o 8 15 9 P ko R I A
Boxk BR, B A SRz 15 3 AN AT & L. BT Excel
H1 SPSS 13. 0 B4 X 52 56 B k47 48 1 43 #r , I
K B 2K 7 223 Ht (One-Way ANOVA) Fl fxz /)y
25 7 (LSD) L #8AS [m) B4 41 [\) /) 2% &,
P<0.05 kmZERBF,P<0.01 LRk iFH
%5

2 4

2.1 PhHsp90 EFAHEKEE

PhHsp90-1 D)% 46 3% CL846. Contig2 J¥
G %0, 8k RACE 9 34 Fll )y, 3R 13— 4 K
Ji % 482 bp 9 S'-RACE ([ 1-1) fil— % 820 bp
i) 3'-RACE (& 1-2) , #4525 K sy J¥° 91 R A% .0
FPAI S X, PR RS T — R Kl 2 572 bp
KA, gl 2K 7 S0 B Uk (18] 1-3) AR,
BN %k O 35 2R 3 Hsp90 JE DY, fim 44 K
PhHsp90-1, % JE H € $2 52 3| GenBank % ¥ /&
i, B 55 o KF732651, 3@ 8 ORF Finder % {4
OIMT R B I HE R F 51 34 ~ 2463 A58 hy 58 # 1Y)
TF i 56 332 4 (open reading frame , ORF) | A] % A% £
809 MNEIEMR, o 1 i 90. 2 ku, FF L RN
4. 790
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PhHsp90-2 PL1% 4 5% CL80. Contig2 J¥ %
J#%o, i RACE § 15 F0 il 1y, 4R 1% — Zf K
31476 bp 1) 5'-RACE( & 14) F1—45 1 012 bp
) 3'-RACE (& 1-5) , H $& P 2% 2R i J¥° 9] A o0
P E S X, PR T — KK B 2 510 bp
PR Fy], gl 2K P 5k ([ 1-6) A E X,

BN % 5L X Oy 35 58 2R Hsp90 I, fiw 44 0
PhHsp90-2, % FE [ € #2& 52 | GenBank % #f5 /4
v, & 5 o KF732652, i@ i ORF Finder 3 {4
TR I P81 73 ~ 2 355 AN KL o8
8 T B BEAE , 7T 4 6 55 760 AR AR , o 1 B
7 86.2 ku, FFHL g 4. 81 B H R

1 PhHsp90 E [ 52 B 7= ¥ B2 ik B
1. PhHsp90-1 3£ i 5'-RACE ¥ 1 724 ; 2. PhHsp90-1 3£ iy 3'-RACE #3474y (%5 ) ; 3. PhHsp90-1 3£ iy & K4 1 7= 1y 5 4.
PhHsp90-2 $:[R 1) 5'-RACE ¥ #4724 ; 5. PhHsp90-2 JE[R ) 3'-RACE ¥ #4724 ; 6. PhHsp90-2 JER iy &K P 1 =)
Fig.1 Agarose electrophoresis of RACE or Head to toe products of PhHsp90 genes

1.5'-RACE products of PhHsp90-1; 2.3'-RACE products of PhHsp90-1 (arrow ) ; 3. Head to toe products of PhHsp90-1; 4.5'-RACE
products of PhHsp90-2; 5.3'-RACE products of PhHsp90-2; 6. Head to toe products of PhHsp90-2

2.2 PhHsp90 EFEH % F 5t Xt 547

J 91 [R]85 B X 25 SRR B, BT e B ) T A% ik
¥jJ® T Hsp90 Jk [ ZK J&, PhHsp90-1 5
PhHsp90-2 11 24 & R )7 51 AH Bl VAL 42% , B
PhHsp90-1 54k fft X 3% HspoO 23R I 5l )
PE2h 58% ,PhHsp90-2 55 7% B 45 3¢ Hsp90 2 Ak iR
JE S AANE S 9T % o BT 22 1y 51 Xk, ) 4 P 2%
PhHsp90 45 [ #Y 2 HE R 7 51 3 i 3 A R 51 IX I
(I I IT)#n 4 HAf2EXE (AB.C.D),Hh
AR A FIORST X T AT N i 45 48 B8, £ 55—
AN R I G 28 ATPase 454k, 2 5 T
ATP B 25 5 FIK Al s P <y X I 4G A0 1 w0 45 44
B, Z 5 T 4 & ATP JE W & B fF 70 7
(cochaperone ) ; 57 X M A 45 X D #4157 C ¥
S, 25T 2R (K 2),

{# F§ PROSITE #I1 InterProScan %X {4 /> #1 &

B, W A~ PhHsp90 & H M AR 7 9 B8 & A
Hsp90 % W& W 5 & ¥ 1E % 5 3.
NKEIFLRELISNSSDALDKIR . LGTIARSGT .
MIGQFGVGFYSAYLVA, IKLYVRRVFI  #i
GIVDSEDLPLNISRE ([ 2) . I, 4}, PhHsp90-1 5
SR A XS N BT Hisp90 2 [ 24 25 1R 1Y 4R 5 oK i
J¥ % —%h HDEL (& 2) ,3X 5 P i % Hsp90 WF
TR IR FE A i A4 < )3 51 KDEL 28U, 77 76 — 4
K-H 1) 2 5 12 Of <7 & 4, Ui 9] PhHsp90-1 2 [ #]
AEAE AT P BT B H s PhHsp90-2 55 2% B 45 5% 241 Jifd
Jii Hsp90 R H 2 HE BR M) FR 2 R vt J¥ 1 — B
MEDVD ( [ 2) ,iX 5 2 i 5T Hsp90 %2 3 7K I
SFIP 4 MEEVD 2581, £ 76 — 4~ B-D 1 %2 3k i 14
SFR e, UL W] PhHsp90-2 25 11 7] BB A2 7 T 40 Jfd Jit
Hr, fHG# 5 PrediSi {4, £ W 45 PhHsp90 £ [ (1)
IR T A h B A K EE 5 IF 81 .
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variable region A
PhHsp90-1 MDITINSLY

C. crispus MDITINSLY;
PhHsp90-2 MADTEAPPAPVEATVDATAAGGTAPAAEA| ETYQFQAEINQLMSLI INTVY: QSLSDKSILET-—EAAM 88
P. yezoensis ~ MADTEAPPAPVEATVDATAA-—-APAPEA||ETYQFQAEINQLMSLIINTVY: QSLSDKSILDT--EAAM 85

IFLRELISNASDALDKIRFLALSDSSALGTGDAAAL 49
VFLRELISNASDALDKIRFLALSNSKLLGEGDQAKL 49

PhHsp90-1 ETIRVRVDKAARTLSLRDRGVGMTRGELTANLGTIAKSGTHRAFIDKLSTTKGDSSNLIGQFGVGFYSAYLVAPRVTVRTKHNDDPVQYVWE 139
C. crispus ETIRVRANKEAGTLEIRDTGLGMTREDLIKNLGTIAKSGTYAFLKKAAEAK-DTSNLIGQFGVGFYSAYLVAPKVTVTSKHNDD-KQYVWE 137
PhHsp90-2 ETRTTADKAAKTLTLQDTGVGMTKGDLVNNLGMIANSGTHSYMEALSAGA——DVS) AADNVVVHTKHNDD-EQYVWE 175
P. yezoensis ~ EIRITADKEAKTLTLQDTGVGMTKGDLVNNLGMIANSGTHSYMEALSAGA——DVSMIGQFGVGFYSAYLAADNVVVHTKHNDD-EQYVWE 172

PhHsp90-1 SGADQTFTIREETGGAALERGTELTLHLKEDAGEYLETAKLKEL IQKYSQFINFPIYLEVAE[| EIDVPVEVESPAEEEADKSPAADKEGE- 228
C. crispus SGAEQTFTIFEDTDGEQLGRGTRLTLHMKDDGEDYLDEKKLENL IKKYSQFIDFPTIYLETTE|| EVEVEVKDDDAKESETDDETEADPKKET 227
PhHsp90-2 SSAGGSFTIRKDT-GPALTRGTAVVLHLKDDQQEWLEERRIKDLVKKHSEFIQYPIKLWVEK|| EVEKEVEVDDEDEEKTVEKDESAAEAEE 264
P. yezoensis ~ SSAGGSFTIRKDT-GPALTRGTAVVLHLKDDQQEWLEERRIKDLVKKHSEFIQYPIKLWVEKNI EVEKEVEVDDEDEDKTEEKTEAAAEGEE 261
variable region B
PhHsp90-1 ————————DAGAAAKDKEADEMKVEDGDEAKPSDAAKEAPK TKKETVYKWEL| VNQHKPTWTRDVSDVKDEEYDSFFNT TAKLPGKPLAKT 310
C. crispus EVESEVESEDEKSGEETDDDDIKVEDGD-—-~AKDARDEPKKTTETQKVWTR|| LNENKPTWTRDPNEI TKEEYDAFYETVGKMPGAPLAHT 313
PhHsp90-2 KKDDE-EAKDESAKVDDEEEVKDVTEEEAAAATGEKKKK TKK IKEKEHEWQL{| LNKNKPTWTRKPEDV TKEEYASFYKSTTNDWEEHLTVK 353
P. yezoensis ~ KKDDE-EAKDESAKVDDEEEVKDVTEEETAAAAGEKKKKTKK IKEKEHEWQLf LNKNKPTWTRKPEEVTKEEYASFYKSITNDWEEHLTVK 350

conserved region 11
PhHsp90-1 HFKAEGDVDFRSILY IPDKPPVDLYN-NADSEKDATKMYVRRVLVDKFEFGLLPRYLGF ILQKSKTLSVIKR 399

C. crispus HFKGEGDVEFKSILY IPSKPPLELYSGEQQEEKD. GIVDSDDIPINVSREMLQESKIMNVIKR 403
PhHsp90-2 HFSLEGQLEFRAILFCPKRAPFDLFE--PRKKL GVVDSEDLPLNLSREMLQQNKILKVIKK 440
P. yezoensis  HFSLEGQLEFRAILFCPKRAPFDLFE-—PRKKLI GVVDSEDLPLNLSRENLQQNKILKVIKK 437

variable region C
PhHsp90-1 KLIRK| ALDMIRRLSETNDKAKAKASDGEVDLDEAAKESADVDADAEGKAAKPSPSAEEEEEDEADKKPHPYLAFWKAYG]| KSIKLGVIEDT 489

C. crispus KLVREK|| ALEMIKGIMK KDDEEPEAEEE———————— SDESSDEKTNEKKAKPY IQFWNKFG|f KSTKLGVIEDS 465
PhHsp90-2 NLVKK|| CMDMFA EAAENKED YKVFYEQFS|| KNLKLGIHEDS 479
P. yezoensis NLVKK| CMDMFA EAAENKED YKVFYEQFS|| KNLKLGIHEDA 476

conserved region I1I
PhHsp90-1 SNKERLAKLLRFQTSKTNASDETDWASLDDY IGRMKEDQEY IYYSSGESVDAIKRSPFLERLLEKDYEVLYLYEPIDEHMVLSLPDYQGS 579
C. crispus ANRARLAKLLRFRTSKTDNKDPNDWASLDQYMERMKEDQDQIYYHSGADLESVKDSPFLEKLIKKGYEVLYLTQATDEHMITQLLDYEGT 555
PhHsp90-2 QNREKLAELLRYNTTKS———~PDELTSLKEYVSRMKDGQKNIYYITGASKKAVENAPFLEKLKKKGFEVIYMTEPIDEYCVQQLKEYDGK 565
P. yezoensis ~ QNREKLAELLRYNTTKS-———PDELTSLKEYVSRMKEGQKNIYYITGASKKAVENAPFLEKLKKKGFEVIYMTEPIDEYCVQQLKEYDGK 562

PhHsp90-1 KLMSAEKDNFKFGDKDQKDAKERLDGVKAQFRPLTKFLKTSLGDKVSKVRLSTRLSSTPCVLSTEQWGYSARMEI IMKAQAFSDPDSYKY 669
C. crispus KFMSTSKDNFKFGEKDQKEEKEKNKALKKMYKPLTKFLKKKLGDKVSKVRLSNRLSDTVCVLASDQYGYSARMET IMRAQAFADPDSFGY 645
PhHsp90-2 KLVCTTKENMQLEESE—EEKAAREAEAKACETLCEVMKDNLGDKVEKVVVSDRLADSPCILVTGEYGWSANMERIMSSQALRDNSLSTY 653
P. yezoensis  KLVCTTKENMQLEESE—EEKAAREAEAKACETLCEVIKENLGEKVEKVVVSDRLADSPCILVTGEYGWSANMERIMSSQALRDNSLSTY 650

PhHsp90-1 MMPKAKVMETHPGHPLIRKLLDLVVADDQSKQAAELSHLIYDTALVSSGFLMQDN—SDFADRMYKMLRQASGVDE(| NAVVEDIELPSAEP 757
C. crispus MTPKSKIMELNAHHP ITKEMLRLVESGEDDERAAELGHLVYDTALVASGYLMRDSDYKSYADRMYKWIGESVGVDP{| SAPIVEEYPEEEKA 735
PhHsp90-2 MSSR-KTLEINPTNSITRELRRRVEADKTDKTVKDLVSLLFDTAMLTSGFSLEEP—HVFATRIQRMLMLGLQIDDf ————————————— 726
P. yezoensis ~ MSSR-KTLEINPTNSIIRELRRRVEADKTDKTVKDLVSLLFDTAMLTSGFSLEEP—HVFAGRIQRMLMLGLQIEDN ————————————— 723

variable region D
PhHsp90-1 EKSPETKDGEDAKATESDGAKTDDAKTDDAKTGDAVTDDSPAASAAEDHDEL- 809

C. crispus DSEEEKADSEEEKSDGDANLKEASSSSADPASEDHSEDSS—————- EDHDELL 782
PhHsp90-2 ———DEEAGGEEKKPDE——-VFDELPPLEEGAAAGGMEDVD————————————— 760
P. yezoensis  ——-DDEAGGEEKKPDD---VFDELPPLEEGAAAGGMEDVD————————————- 757

E2 Hspd EEREBRFINSEF 5L
SRR S RN AT AZ X, < J5 HE” 7R Hsp90 2 Z MR P 51, ~ " R L E R EE H M B2 ATPase Z5#J, ° =" RIn K
BEREE S5 S5, JR B A i ) <7 “ HDEL” Fl “ MEDVD” il 7 & &%
Fig.2 Multi-alignment of amino acid sequence of Hsp90

“

Thevariable regions and conserved regions were spaced by “|1”. The putative ATP-binding domain is underlined with “ ~”. The putative
ribosomal protein S5 domain is underlined with “ =" . The five conserved signature motifs of Hsp90 are boxed. The conserved amino acids
motif, HDEL for the endoplasmic reticulum targeting sequence, is marked as bold in PhHsp90-1. The conserved amino acids motif,

MEDVD for the cytoplasmic group,is marked as bold in PhHsp90-2
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2.3 PhHsp90 ERM RS FH LD
ik — 28 r #r PhHsp90 2 H /9 & 48 7 L %
A M 5 A, AR A GenBank ¥4 J22 vh 23 A1 Y
U R 7 4 i 7 A7 1) 388 2 Il A= R ) A Sl 1 30 4%
Hsp90 & [ /9 24 FE R ¥ 51 Fl P 4% PhHsp90 & )7
5, i MEGA 5.0 /%% A Neighbor-Joining
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Cloning and expression pattern analysis of two heat shock
protein ( Hsp90 ) genes from Pyropia haitanensis

DAI Zhenzhen, LI Bing, XU Yan, JI Dehua, CHEN Changsheng, XIE Chaotian "
(College of Fisheries, Jimei University ,Xiamen 361021 ,China)

Abstract; Heat shock protein( Hsp90 ) , representing an important molecular chaperone in eukaryotic cells,
plays particularly important roles in a variety of stress responses, development and signal transduction of
plants. In this study,based on unigene sequences which were obtained from whole transcriptome sequencing
of P. haitanensis, two full-length PhHsp90 genes were obtained by rapid amplification of cDNA ends
(RACE) ,and named PhHsp90-1 and PhHsp90-2. The full-length cDNA of the PhHsp90-1 gene comprised
2 572 nucleotides and contained an open reading frame of 2 427 bp ( GenBank accession; KF732652 ),
encoding a protein of 809 amino acid residues with the predicted molecular weight of 90. 2 kDa and
theoretical isoelectric point of 4. 79; and the full-length cDNA of the PhHsp90-2 gene comprised 2 510
nucleotides and contained an open reading frame of 2280bp ( GenBank accession; KF732651) , encoding a
protein of 760 amino acid residues with the predicted molecular weight of 86. 2 kDa and theoretical
isoelectric point of 4. 81. On the basis of conserved motifs and phylogenetic tree analysis, PhHsp90-1 belongs
to the endoplasmic reticulum subfamily of Hsp90 and PhHsp90-2 belongs to the cytoplasmic subfamily of
Hsp90. The expressions of the two PhHsp90 genes, as measured by real-time quantitative PCR, were
significantly induced by high-temperature stress and desiccation stress,but had different expression patterns.
Under high-temperature stress,the expression levels of the two PhHsp90 genes all significantly increased first
and then decreased. However, during desiccation, the expression levels of PhHsp90-1 and PhHsp90-2 were
significantly increased only when the water loss was >60% . These results suggested that the two PhHsp90s
play important roles in the response to high-temperature stress and extreme desiccation stress.

Key words: Pyropia haitanensis; heat shock protein 90; RACE; real-time quantitative PCR
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