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AR, BIE, FZET

(1. el T2 BT AT VA P EOR T SC00 % VTR R 2 222005
2. et T BB VLA 2 222005)

I % T HF 5 HSPOO £ 430 % SRR ok 0 1R, 016 T 436 % 5 HSPOO 21 (4 4
PyHSP90) , X il 8 & RT-PCR # %% T H £ sk M, PyHSPOO £ F &4 — /4 K 2 274 nt By 7T %
TR AR B 757 A B, PYHSPOO B & % fr T 2 R ¥, B A HSPOO B & K ik o0 4%
G Fp 5U R R S HIH, 5 % A by HISPOO B AT 80 i 7 7l — BUbE. Rt (A b AR B 4
STy HSPOO 5 [ 300 B 4 5 R R, 5 P A B 4 R, (KA A A
M M 2 A% Itk PYHSPOO % [ #y %3k, 77 Bk ok B 5 a8 A2 FE A IE A 5 1K
2h 2 T PyHSPOO [ sk 3k E T &k K i T PyHSPI0 # [ 5% 3k T .

SR A%, HEWE G 90; ik Rk & E PCR

FESHEE: S917; Q781; Q 786

PN %7 19 (heat shock protein, HSP) J&—2&
JZ A T 45 25 A W A M P LR RE DR ST I AR
[ I F RN A 43 5 K2 HSPLIO,
HSP90 ,HSP70 , HSP60 }% /N4y HSP™®! | HSP 1&
A E AR AR b A s E A S A s
U5 S RN N Wk g m R L e I i N
AT S, RAERFARRS ™, KRB
FKHLHSP 2 5 THAXRE B E EL)R. T
SR AR 2 A P E AT A7, iR B TIE R SR
LR LA PSS AR R

HSPOO & — 2K /& B f& 5F W9 4% F % 18
( molecular chaperone) , 7ZEAAMIN S B FEE, 5
BB 1% ~2% ", FEAEYIH, B % HSPOO
S3 AT A LTT P 5T R RS b T B A A T
LRk HSPOO 1 HIRY KA & MR
5T 4R AE S5, Ktk HSPOO X BL4% 41
Mm A fr B e F B0 HSPOO ib fEME N E
DI RIS R AR S oz op g, B IR 1T R AR
SEPENET H AT E N 2 2 R
KU LR VE A ) R S T HSPOO FE R I
5% T HAEAA K B I AR 20 AN [R] ke

YRS HEA:2010-07-11 &8 H #7:2010-09 - 24

SCHERFRIRED : A

MFRIX2ZEF 5Ufe. (HRAHEE HSPOO 3 [H (1)
WF5E i 38 3 /0, H I TG 4% B 5 3¢ ((Porphyra
vezoensis Udea) HSP90 J:[X (v 44 PyHSP90) 78
R 55 IR A OCHGE

SRBEEEEJE£L 3] (Rhodophyta ) |, Ji 21 3 44
( Protoflorideophyceae ) , 21 & 3% H ( Bangiales) , 1.
F35F} (Bangiaceae ) , %32 J& ( Porphyra) ) Bl
M, HE R TR WIE S 5, &0 3 E 2
VR LEFR I AN S LR R o Bt W g SR =
IEEEAL A A 20, e AR i e AR R
TEME SR FW B E 2 T AR,
SR T A B R R R T RBEE SRR T
WL, BEAE I 284, 2 R P 2 P T s S B
AR AR, AR A R R A 5 32 B R A
A1 S i | B A R B R S 7 i) 1) S SN 1 e
B, LA K PyHSPOO 73X A HILHI H A1

ARSCHRIE T PYHSPOO FE IR (1 5 [ | 3 51 AR AE
K HAEAN RS R B A2 /K B R 1) mRNA 5%
KA A BT 2P R SR B SRBL i 4
PLEE, X st i e R FnBLasi ol RIEF S HA —

BB« 65" +— 0 BRI R E I H (2006BADO9A0L ) 5 TLIRA T A MPHR T 5 52 00 2 TR (2008 HS004 )
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1.1 KBRS MR ER B AL R

SRBELE SE MR AR A /N AR (6 ~ 10 cm) T
2010 4F 1 =2 J 3% 2= W6 g X 1Y) 25 38 52 5 4 oK
5 VU R 87 55 Tk LAY ES B33 oy
RALI R AR L X 10 ¥ 7R BRI, 42 il ¥ 7K 3R B2 Oy 25
IREE N 5 T JEIE 4 40 wmol photons/(m® - s) |
JERA 1210 12D, B K T g /K S S 3k

W5 CEFRMMARIA T B 7 51 0,5, 10,
15,20,25 F1 30 C (155 37 He v BEAT LS W aa, 4b
HE2 h JFHRE B 25 R RE SR Y HOIR AR 23 0
3] 5,15,25,35 Fl 45 £h B (O6F KR 1 /K H  3K
TRAREREE , 28 KRR W #h ) s R b kA7 8
FEME , A3 2 h IR, SR K a0 BT SE T
SRR ) B 7K 38 SR g AR A D 7K PP BB
TR T A, AN E R FRE, B 5 R R KR
20% ,40% ,60% Fl 80% HIREN: .
1.2 X RNA B4k

B RNA #ifj#2 2 I TRIzol i 57 ( Invitrogen )
VLB T . 1 S0k B Y it Bk [ 41 DNA
SN E B PCR 25 R I WERA 1, 142 /5 1) 5 RNA
it DNase | (Fermentas) 5B 45 #1740 2], %R
€ 7Y (Bio-Rad) Kl 5 RNA fy 40 i e
B HLUKAS I AL RNA (524
1.3 £PEEEsE HSPYO EE=[ESNF

#% RevertAid™ H Minus First Strand cDNA
Synthesis kit ( Fermentas ) 1 B H 4, & BUGE —4%
cDNA, ZHESCER[19 ] i 5 i %) PyHSPOO 4T
TIHENU B ve R R B A B v
5|4y, 1F [0 5| % HSPY9OF. 5’ TCCCGCTGTGC-
TTCCTGT 3’, )z [7]5 |4 HSP9OR ;5" ACGACGCCC-
AAGCCTAAT 3, PCR J3 i 7 25 uL {k Z i1 i
T A Z P EH 1 x Dream Buffer (with 2 mmol/L
MgCl, ) ,0.2 mmol/L dNTP,0.5 pmol/L 5|4j,2 U
Dream Tagq [iff ( Fermentas ), 1 pL 55— %% cDNA,
PCR fE¥F K 96 C AR 3 min; 235 30 MG, B
AMEFFF 96 T30 5,52.5 TRk 30 5,72 CHE
{412 min 35 s; 55 72 CH43r4E{# 5 min, PCR y=
Y E T IE RO Y
1.4 £KBELEK HSPIO EE R HEAE =R F 5
S

J ORF Finder ( http: // www. ncbi. nlm. nih.

gov/ gorf/ gorf. html) 43t PyHSPOO 3 K] i 5 %)
PEAE , I AR g i 2 1 (PYHSPOO ) Y 2 FE IR 7 51
PyHSPOO [ 5EA FRAL RV 4341 . 22 15 41 LU X A &R
45 1k Ak W #4243 51 8 ] ProtParam™®” | Clustal
WA MEGA4™ . PyHSPOO ) Iy fil 45 ) 488 fif
F ScanProsite ' Fi1 CDD"*" #4543 ¥t , 0. 40 Jitd &
{3743 Fl PSORT ™ il TargetP™™ 347 434
1.5 £KBELE3k HSPY0 EFEREHEE RT-PCR
i

HR A PyHSPOO LR A 1 45 SR e I i1 H
1 XA E & PCR 514, 1E 71514 HSPOOQF :5'-
GAGGAGTCGGAGGAGGAGAAG-3', Jx 1] 3| ¥y
HSP9OQR: 5'-CCAGGCGGTCAGACACAAC-3',
ASCHE] 18S rRNA VE N Z#E 4T AR IR 2ZE R IE T
Pl 4 GenBank I 4%Bf455% 18S rRNA J7
%1 (DQ666486 ) it I ik i 1 XAk # PCR
219y, 1F [ 8] 4 5-TGCCAGCACTGCGTTCTT-
ACC-3', [z 1] 3] #: 5'-AGCCTTCCGACCCAGG-
ACTATC-3', FrA 514 M A T4 .

Fi¢ PrimeScript® RT reagent Kit( TaKaRa) i
B 45 #E4F , LA Oligo(dT) il Random 6 mers 5|4
AT R SRRV o SERT S H PCR W AE 1Q5
PCR {Y(Bio-Rad) F#17, 25 L K1k FR
£ 12. 5 pL 2 x SYBR® Premix Ex Tag™ II
(TaKaRa) 0.2 pmol/L 5|#fil 2 pL J % 5% 7=
Y. SRAWIA PCR JEIEATY 1, R E %8 95 C il
AME 1 min, SR 5 A 40 DNE IR, AR
95 TARME 10 5,61.5 CHEAH 30 s, JEFRZEH G, A
55 CEE TR 95 C, 4l

PL10 x R4 B 1) cDNA SR 47 8 it
PCR, {il{f: PyHSPOO FIN Z b E 2. BRIR X
oy R8P XoF BECRH TCASE AR ) BR, A~ B g ¢ 3
AN Lo I Plaffl ™" gy R B R AT R R
FETITHT, AR R BB £ bR 22 R0R . gt or
Bk H SPSS 47, £ A 504 AR i 1 IS PE A0
Jr 2= R, R A () 2 5ok FH A R 28 0 25
7,40 (8] £ 1 kb # 3% A SNK ( Student-Newman-
Keuls) #:56 , P <0.05 FnE R B EFH,

2 PRS0

2.1 HKPIEEZE HSPIO EE=[E
K H GenBank [ 105 4% 55 B 555 38 7 5]
i 2 (expressed sequence tag, EST) & 5 7T
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PyHSP90 L[R5 4L %e , T 47 EST J¥ 5 i< B
HFEA T 150 ~ 500 nt 2 i), EST PHEJF 55 T K
2 664 nt [1) contig, I IF T —XFseET |4, i
WY P K/INR 2 527 bp, PCR =¥ Lk i
I AAERS R T 2 500 bp BYALE EA —F D
Wkl (B, 5 WU K /NAHAF o PCR ™= 4

M 1

4000 bp

3000 bp -\

2 500 bp
2000 bp—=

1000 bp —=

200 bp —=

1 #&BEESK HSPI0 EE @ PCR #IB4R
M:200 bp DNA Marker; 1;PyHSPI0 R4 1 =4y,
Fig.1 PCR amplification of HSP90 gene
from Porphyra yezoensis
M. 200 bp DNA Marker; 1: PCR amplification product of
PYHSP90.

variable region A

% bR T AT IE ROW R, 13 8] T PyHSP90
FLH Y cDNA 31 (GU301885) .
2.2 B3 HSPY ERE SR YIHIFESI ST

1% cDNA J# 51 5 contig J¥ 51 JE4T HEXT, 45
WRPIE P51 — 2Pk (identity ) =35 99. 8% , Ui
TN Bl v B R 3 G [R5 S PR ) PRk s b 5
43HMe PyHSPOO & [H ) cDNA J3 814 & — 1~ K
2 274 nt {IF B EAE, PyHSPOO 431 4 86
ku, K 757 PEIER , HAE TRt 5K AR
SUILTRBCR /Y R 106 153 244 F1 168 4>, Fr &
FE M E IR L Glu fl Leu, & & i/ 1
Trp .Cys I His, Bl %5 i s (pl) 4 4. 81,

PSORT #I TargetP [¥) 4% #F 45 £ #5 % 07
PyHSPOO ANA7-A£ 5 WS 25 F R 5 B, 76 48 i it Py
BB AT R A S e TA M. 454
53 HT BR PyHSPOO £E 47 ~ 56 i & FE IR AL HAT
HSP0 & [ &) 1 H#4iF )5 51) YSNKEIFLRE ,49 ~
202 (% PR R ATP 454 X, H AT 2 ATPase i
P, 205 ~ 757 i & Fk R S HSPOO ZK % T 41,
PyHSP90 [ ¥2 5t fiw A % )y MEDVD ( [#]2) |, 55 4

signature sequence I signature sequence 11,
* 20 * 40 'T e SOq |"' 80 d 100 * L_E' 120 . r"—-’
PYHSP90 R it aiiatieiinsbininh ~ - 1 F QAE T QUMSL T INT\Y SNKE IF LREL L SNgESDALNKVRY@SLSD EAAYERRIF A A D! A Y - 128
CrHSPO0A1 P TFAFQA:—:IN;,LLerrnTnsmrFLntLrsnﬂsnALnKmY:sLm < (o D D : 109
AtHSP90A2 : g=TENFQAE T QL. SLT INTHYSNKE IFLREL I SNESDALDK I REFSLTD iﬁ ) : 106
OsHSPOOA3 TFAFQAEISOLLSLIINTNYSNKEIFLRELISNSSDALDKIRFESLT A Pt » LVNNLGTIARSGTHEFMERNPt]
DmHSPOOAL e T FAFOAE IO LMS LT INTEYSNKEIFLRELISH P LVNNLGTIAKSGT : 107
HsHSP9OAAL : e - TFAFQAE 1 lOLMS LT INTEY SNKEI FLRELI SNESDALDKT RYBS LTD{gS g R LINNLCTIARSCTH MR T]
conserved region [
signature sequence IIT
ol b / 0 = 180
PyHSP20 SAGADVSMIGOFGVGFYSAYL AN 255
CTHSP90AL AGADVSMIGQFGVGEYSAYLVA R (TKENDDEQYWWESE: 235
AtHSPS0A2 ALMAGADVSMIGOFGVGFYSAYLVAS TKWDDEQYWES‘ 233
OSHSPY0A3 nbﬂm;wvsmIGQFGVGFysA\'Lv E. [ TKENDDEQYWWE SSAGGSF" Ry 235
DmHSP9OAL A RARY 231
HSHSPOOAAL : 246
. a0 * 60 - 380
PyHSPS0 BIEYKS I TNDWERH L{IVKHF S LEGQLEFRAL LF$PKRAPFD LF - RKK INNEESELE]
CrHSPO0A1 FYKS T SNDWESHLAVKHFSVEGQLEFKE I LYLPKRAPFDM| SPal 333
AtHSPOOA2 SeEe v N r YK S LSNDWESH LAVKH FSVEGQLEFKA T LFWPKRAPFDLI TEB : 331
OsHSPS0A3 E <EEYmFYK5L'nmev HLAVKHFSVEGQLEFKAILFVPKRAPFDLF bl : 333
DmHSP0AL D % D NQIEN : 345
HsHSPOARL : RKK] : 360

signature sequence [ signature sequence v,
=== . b r

420

400 * 440 - 460

PYHSP90 [l 1KLY VKRVE IMDNCE LT I PEY LUFVKGVVDSEDLPLNLSRE JLOONKI LKV IKKNLVKKE! (SMIPE A ENKED YiayF 511
[ T E S U T K L YVRRVF TMDNCE S LT PEWL. ?JKGXVDSEDLPLNISRE‘LQQ“ILKVIKKNIVKKGLIIJ“EVAENKE‘D% 461
B Gl . *VRRVE IMDNCERT T PEY LEFVKGI VDSEDL PLNISREGLOONKT LIV IRKNLVKKELE TAENKEDY! 459
RV TR 1 KLY VRRVF IMDNCERL I PEWLEFVKGIVDSEDLPLNISRE L LOONK I LKVIRKNLVKKEVELR3 461
fel =T F S S T K .Y VRRVF TMDNCE S LIFEYL‘H’KG‘NDSEDLPLHISRE‘LQQ'KVLKVIRKNLVK}@G 473
PV IS SR 1 K 1. Y VRRY F IMDNCESLI PEY LY FIRGVVDSEDLPLNISRE P LOOBK I LKVIRKNLVKKELE: 488
PYHSP90 639
CrHSP9OAL 589
AtHSPS0A2 587
OsHSP20A3 E\ 589
DmHSPOOAL WL Ly <VEKVVVSHRLVDSPCCTVTIR 601
HsSHSPS0AAL : KVEKVVVSNRLVSS PCeTVTE] 616
variable region D
740 Al 760
PYHSP20 DDVFDELFP] t 787
CrHSP90AL LGAADDDLPP.""‘ = : 708
AtHSP30A2 KSDKEVKDLVELLFETALLTSGFSL - L e 1 699
OsHSPO0A3 K DKSVKDLVNLLFETALLTSGFSLoa ~EADADMPP EDDAGE - — - = : 699
DmHSP9OAL SAD! K=DKQVRDLVXLLFIT§LLSSGF5M DDAQSAGDAPSLVEDTED, : 717
HsSHSPOOAAL : SSADK . DRKEVKDLVILLYETALLSSGFSLA PSR ENR THR DTSAAVTEE] PPLEGDDDT, i 732

&2 HSPY0 1% FF 5Lk 3t

S4BT 48 3% (PyHSPY0 ) | 38 T 4K 3 ( CrHSP90AL , XP_001695264 ) . 8l B 4% ( AtHSP9OA2, NP _200414 ) . 7k f% ( OsHSPO0OA3
BAD33406) S ( DmHSP90 A1 ,NP_523899) il A ( HsHSPOOAAI ,NP_005339 ) [/ 4 il Tt HSP9O Ji] Clustal W 4% T £ 41 LLXT .

Fig.2 Multiple sequence alignment of HSP90

The alignment of HSP90 was performed with the Clustal W method. The source organisms for cytoplasmic HSPO90 sequences one as
follows: Porphyra yezoensis( PyHSPO0 ) , Chlamydomonas reinhardtii( CtHSP90OAL , XP_001695264 ) , Arabidopsis thaliana ( AtHSPOOA2 |
NP_200414 ), Oryza sativa ( OsHSP90OA3, BAD33406 ) , Drosophila melanogaster ( DmHSPO0OA1, NP _523899 ) and Homo sapiens

(HsHSPO9OAA1 ,NP_005339) .
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L Bt HSPOO 1) & & & K ¥ (9 ] <F 5 ¥
(MEEVD) """ R[], ff £ % E - D MI{- 57 & .
MEEVD & 41 il Jit HSPOO [X. 5] T~ H: it HSP9O [
FRAEFE S, 258 S A e A e A5 5 (HH 3=
BLYIfe A2 8 2 5 5l B £ 43 F ( cochaperone ) [ =
+ DUk E &5 3] ( tetratricopeptide repeat, TPR) 3t
&4y, 25 HSPOO iy L2 Rkt " . 281k
¥ K3 HSPOO At 7 31, A LE B B 1 53 F A
7% MEEVD b8 Ut 5 HSPOO 4541, 1E4%

1 ( Saccharomyces cerevisiae ) H B2, 4 % P i 4> 3
FIFARLHER . I PyHSPOO [3R 3 iR

g2r AtHSPOOA3(NP.200412)

100

100

53

100

100

5 A
% I

1£HSHSI’90AA1(NI’_005339)

=

i R DR ST AN 2 5 e IV 200 it 52 AT DT RE L J2
M S et B e A B Bl R

FESCHR [ 8 ] B J7 %, nlf PyHSPOO 73 1% 7 4~
X3k, 430l 3 AN RSFIX A 4 ASFTAR X ([ 2, 45
WIFRiC N conserved region [ ~ I Fil variable
region A~D), fR5FIX [ MIATAE X A fRL T N
4G F 5, 78 HSPOO i fR=F 1SR, 2 5 T ATP 1y
GG TR ORAF I AR T g5 s, 2 5 T
4 ATP IR AR B8 0 75 PRy XX Ana] 22
X DWW T Cuisitik, 25 7 LR,
PyHSPOO 2 5 iR ¥ 51 BH . Lt H: Ath 41 Jig )5t HSP9O

AtHSP90OA2(NP.200414)
AtHSP9OA4(NP.200411)
OsHSP90A1(BAD08S18)
OsHSPY0A3(BAD33406)
OsHSP90A4(BAD33409)
AtHSP90A1(NP.200076)
OsHSPY0A2(CAE02770)
CbHSP90O(BAHY7107)
OIHSP90A1(XP-001419938)
CrHSPI0A1(XP.001695264)
TalISP90(XP-001712605)
GtHSP9O(XP-001713499)
PyHSP90
CmHSP9O(BAC67671)
DmHSP90A 1(NP-523899)
HsHSP90OABI(NP.031381)

i A AR

41 ffa JFRHS P90

|r€%*§%
|,;§

k7]

100

1DD|

DmHSP90B1(NP.651601) | e
HsHSPY0BI(NP-003290)
CrHSP9OBI(XP.001701885) | 4Rk

100

e

P B FTHS PO

AtHSP90OBI(NP_194150) | KA R

38

100

100

—al

OsHSP90B1(BAA90487)
CrHSP90C1(XP-001702984) | &%k
AtHSPYOC2(NP_187434)
AtHSPY0C | (NP_178487)
OsHSP90C 1(BAD09415)
BsHTPGI(NP.391861)

ey =L

H-4:4AHSP90O

| MEHTPG
EcHTPGI(NP.415006)

DmTRAP1(NP-477439)

100L

HsTRAP1(NP.057376)

0.1

E3 AEEW

|am | B AHSPOO

HSP90 K] % gt it 4L #3¢

F B/ N A AR, 35 S RTRC T 2R [ 26 S0 H %  HSPOO 19444 2245 5:% Chen 25180 [ )71, GenBank & 5| 2 /R 7E 3G,
HSP90A (£ 45 HSPOOAA F1 HSPOOAB) HSPO9OB .HSPOOC . TRAP Fl HTPG /3 7| 35 7% A0 J& . P9 R0 204 . 2 R 40 1 HSPOO
Fig.3 Phylogenetic tree of HSP90 family members

The phylogenetic tree was constructed with minimum evolution method. Numbers at each branch indicate the percentage of times a node

was supported in 1000 bootstrap pseudoreplications. Designated naming system of HSP90s referred to criteria of Chen et al'®) . Accession
numbers are shown in parentheses. HSPOOA ( including HSPOOAA and HSP90AB ), HSP9OB, HSP90C, TRAP and HTPG stand for

cytoplasmic ,endoplasmic reticulum , chloroplastic , mitochondrial and bacterial HSP90 respectively.
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FR (HX K 2 5 E ATl AR XN, R e
AAZIX B, AIAZIX B BR TR N i 4h AL S F
A1 25 F IR A, AT R & BUAT (] B ik oh g
AR R 2 5 e AR A

ZIPHI T (J# 2, 0 7s 5B S 1 L
XFEER) 7R PyHSPOO 55 & 5% A= Wy i) A 5
i) HSPOO HAG ¢ i 1 P 9 — B0k, R Wk A T
AFEIFR R HSPOO HA i B A LR <11 . PyHSPOO
5K W ¥ B ( Escherichia coli’) 170 3¢ #& 14 i B
( Gloeobacter violaceus ) % |5 4% 4= ¥ HSPOO ( RJ
HTPG) )53 — ik 26. 0% ~39. 4% , 531
A ( Chlamydomonas reinhardtii ) 45 B A% BSR40
o5 HSPOO (1) 75 41— &l 66. 5% ~71.8% , 5
¥l B IF (Arabidopsis thaliana ) F1 7K %5 ( Oryza
sativa) [ 2R )5 HSPOO ()74 —EHE N 69.0% ~
69. 6% , 5 W48 ( Drosophila melanogaster) 1 A
(Homo sapiens) %5 5l 1) 40 i iz HSPOO J7 51—
Pk 61.4% ~65.0% .

MR O AT SR " B 20 W 45 L, e R 2 Fh
NS/ R ST 7/ A S 2 O eR A ES
HSP90 , % F§ MEGA4 &7 M T HSP90 [ &4
HEAERE (I 3) o FESEAER F HSPOO 5 5544 A W)
1) S4B 57 364 7 R 2 AN sh i 2 A , i
(20 BT HSPOO 3R — 2, JT A 11 1A Jo ) | - ¢
IR 1A HSPOO 25 H R b —H%, Ji Sl I
(1) HSPOO Pl 5 5y — %2, PyHSPOO 5 4 Jifd i
HSPO0 2L TE— , R HJE T4 i1 i HSP9O , ix
55 o ) T 25 R — B, AEEER B 4%
SR SR @408 11/ Cyanidioschyzon merolae
G RFFIL, HARREE R, SRERN RS X
RIRZ B S50 B AR Y A Sh ) 3 — 9% .
2.3 S£PIZEI HSPIO EEZERE THRIETH

PyHSPOO FlIAZ (4 1 it 4R HE 2 F- % (5 %L
DCH S RER R HLEE et 2 B B oRy 347
ok B R S 0, B HE AR S (100 £1) %, B
PEXS BT TR R IR T4 1,3 N E AL EE
PEUT . FREY 1R R0 RN A5 F R AT, TC51 9 —
RREAE R Sy 1, e R

€ £ RT-PCR 45 5 (7 it B 3 B2 1 25 7K
X PyHSPOO JE [R (A XT3 35 1 B i 2 52 )
(FE4) . AT, PyHSPOO [k 7E 15 C
BERAR,25 CHf e, H 25 TR RB R 15
T 17.81 f%; M\ 15 C K8 J5 1A, PyHSPO0

FZekeEim, 515 CTELEEFBE,0
CHEEF IR A 15 C [l i J5 18], PyHSPOO [
FeIR AN, HAb 22 R B 3,25 CHIRikw
i s B B ok, {H 30 CHEFR KRR AR
F,515 CRPRREARTNEZER(E4-A), &
£5(35 F145) pia T, PyHSPOO ik &5 25 #h
FIW A B 2R H 5 M 15 IR hE T,
PyHSPOO ik b Fb, 43 i & 25 £ B ik & 1)
1.60 f5F0 1. 77 %, H2E R B E (E 4-B), KK
(20% ~80% KK =) e T, PyHSPOO 1 3Rk &
ANTRIFRBE I BEAG, J& R e K i 63k 519 0. 39 ~
0.521%, H 5z 2257 0.3  (H AR K 3 (8] (1) R34
mIRENZER (K 4-C),

3 e

PyHSPOO 7E#EAL 4 b Ak TAE W) A sh ¥ 2 1],
S A BB )Y 5 — B b 6l 4% ~
69. 6% ,iX 75 — Bk U] BAK T4 W) 18] 5 5 )
] (14 7751 — B (76. 6% ~90% ) , R BIH 5 HY)
FNBH) 2% 6 R AR , X Fh B AE AR B 2858
32 45 A RN g KB . Gupta™ 78
FEXS T AR | Sl W R L R 4% Fh HSPOO Ji5 L, 42
18 HSPOO ZEJ5 R AFAE 5 ZRHETEF 51 (K 2, bRl
A signature sequence [ ~ V) , KZEAEWEX S
FEH LT SE el AU DR A AR
ARIESEE 225 I ARBT AR X 5 SR HHE
A B S S B] 2E S IR — SR RHIE T
B 5E A VUL 1Y . PyHSPOO [ ¥4 i f5 A% 3 3 )7
@R AW (LESE) WA, fE7/EE E -
D [ PRSF R , SUI R AE AR BE S5 RNA G
T K W B4 {37 (largest subunit of RNA polymerase
Il ,RPB1) b A& B, HAR Sk AN B A5 st )%
A R e R g 45 #4 38 ( carboxyl-terminal
domain) " b R4 Fh 25 5] AR I AL T ABT &5
TEHEAL bR Re IR IR, RIS AL T AR ) (3
RN L A A AR TR S T L AR BE S S R 2
TP RR ) —2K.

FERh AR HA £ H S B AR TR AR, X R
SR S E L I, AR AR A2 B 1Ok 3 R R
BIMRE , R T A TR A PREE , A R L SR 25
AR AT 32 LA o A% B 58 3 26 TR R )2l
B RS PE 22 I T 5 K G R, 7R T
I EE EREE IS K B OG RERN 58 AL A5 Z PR AR
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d

—=

BEAHTFE N, 72 it RT-PCR ARG T PyHSPOO
FEAENLEE ERERN SR vt 52 A AR

bc
d
s e

YilhE . EeE O 2R 55 /\ﬂcijﬁi‘_fﬁ'*
() —Fhss 25, 28 I H B4 2 B P i 32 ML
< 187
316t
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Fig.4 The relative mRNA expression levels of HSP90 gene in Porphyra yezoensis under different stresses

The relative expression levels of PyHSP90 gene in response to temperature( A) , salinity (B ) and desiccation( C) stress were analyzed using

real-time RT-PCR. The relative mRNA levels of the PyHSP90 gene were normalized with the amount of 18S rRNA and given as relative

fold abundance compared to sample whose relative expression level was set to 1. Error bars indicate the mean and standard deviation(n =

3). Different letters above each bar indicate statistical difference( P <0.05).
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Molecular cloning and expression analysis of HSP90 gene from
Porphyra yezoensis Ueda( Bangiales , Rhodophyta )

ZHOU Xiang-hong'”, LI Xin-shu'”*, WANG Ping”, YAN Bin-lun'*, TENG Ya-juan®, YI Le-fei'”’
(1. Jiangsu Key Laboratory of Marine Biotechnology , Huaihai Institute of Technology ,Lianyungang 222005, China;
2. School of Marine Science & Technology , Huaihai Institute of Technology ,Lianyungang 222005 ,China)

Abstract: The 90-ku heat shock proteins ( HSP90s ) are a group of evolutionarily highly conservative
molecular chaperones and essential for viability in eukaryotes. The basic functions of HSP90s are of assisting
protein folding, protein degradation and protein trafficking, and they also play an important role in signal
transduction networks, cell cycle control and morphological evolution. Although HSP90s are constitutively
expressed in most organisms, their expression is up-regulated in response to stresses such as cold, heat, salt
stress, heavy metals, phytohormones, light and dark transitions. Porphyra yezoensis Ueda, one of intertidal
macroalgae , periodically experiences immersion and emersion due to the tidal cycles. When P. yezoensis thalli
are exposed to air, they experience a variety of abiotic stresses such as nutrient limitation, high light,
ultraviolet ray, high and low temperature, desiccation and osmotic stress. In order to investigate the
contribution of HSP90 to abiotic stresses tolerance in P. yezoensis thalli, molecular cloning and expression
analysis of HSP90 gene ( designated as PyHSP90 ) from P. yezoensis were performed. PyHSP90 gene was
obtained with computer assisted cloning, and characterized using multiple bioinformatic programs. The
relative mRNA expression levels of PyHSP90 gene under stresses were investigated in P. yezoensis thalli
using real-time RT-PCR. The PyHSP90 cDNA contained a 2 274 nt of continuous complete open reading
frame encoding a polypeptide of 757 amino acids with a calculated molecular mass of 86 ku. Analytic results
of PSORT , TargetP and phylogenetic tree showed that PyHSP90 localized to cytoplasm. PyHSP90 contained
conserved signature motifs and domains of HSP90 family. PyHSP90 shared high amino acid sequence
identity with HSP90s from other organisms. Sequence comparison of PyHSP90 revealed 26. 0% - 39. 4%
and 61.4% —71.8% identity with prokaryotic and eukaryotic HSP90s respectively. In the phylogenetic tree
red algae HSP90s, including PyHSP90, clustered with Cryptophyta HSP90s firstly, and then clustered with
HSP90s of green algae and land plants,and at last all cytoplasmic HSP90s of algae, plants and animals were
clustered together. Low and high temperature stresses significantly induced the expression of PyHSP90 gene
in P. yezoensis thalli, and there was a clear dose-dependent expression pattern of PyHSP90 gene after
different temperature exposure. The expression of PyHSP90 gene was up-regulated under low salinity stress,
and down-regulated under desiccation stress. The results indicated that PyHSP90 is essential to hold
configuration of proteins under temperature and salinity stresses, and dispensable under desiccation stress.
Investigation of PyHSP90 gene can contribute to its molecular mechanism of tolerance to abiotic stresses,and
lay a foundation for further enhancing resilience of P. yezoensis through genetic improvement.
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