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FRE R Hspo0 EEMEK R [E
EREASALAMPSMAMPHRIESH

JE HkE HwE FEK OB O OB ¥ ETKRE
U IRIBTER K2t WL 524025)

E AR EE Hsp90 EEAMEHIE . AWM, AREHAE. BRTFREFERESY
KIEEEWNIER ., A ZAH RACE # AL EHRE T LR E & #1457 & & Hsp90 (SnHsp90) cDNA
4K 77|, Hsp0 4K 3110 bp, HE ', 3'"UTR # 582 bp, 5’'UTR # 72 bp, JF# i 4E & 2456 bp,
4l 818 NAKEFE, FH| MR R T, SnHsp90 EHEA 1 MEF K, & B A Hsp90 ty 3 4
#+ % J7 %] FLREL, IGQFGVGFYS . LPLNVSRE DA & f& 5F # 3t GxxGxG, % ¥ SnHsp90 /& T Hsp90B
ik, 5 4 # ey Hsp90 & ZEER 7 7] thoxt & ., SnHsp90 5 %% ¥ T 7 (Lingula anatine) Hsp90
MIE R R, N T1.72%. Z M &I, Hspo0 & 1 R 4 A = 8 th = 6 4 & LA Bog 1R F 1%
ARG H R M B, SnHsp90 46 5 /1 3k & (Capitella teleta), 7k #% (Helobdella robusta)s = 3 ) 47
By Hsp90 RA—%, BEMEBELIFEHMTEMAM RN —A X, MBHEIWRA T —KAX, %X
B SnHsp90 5 /) 3k & Hsp90 % % 5+ # 5 ¥, RT-PCR % £ % 77, SnHsp90 7 4% £ = Wy | gy
M, BEEALFHAERE, Hp0 7 £ I B 40l A Bl K B B ok ak, o, V& H A K
AT (Egg2)Fn 41 HE U1 £F 28 i 3 (Egg6) T # & & 15 (P<0.05), 8%, SHsp90 [ & 5 5 2| bR £ & 1 £
MM EARERIE. TELRGHFERLEAR, ARERAHF S RALRELN B AL
B FHLEIAR R T Hah K8

KA HARE b IIREE G Hsp90; HRE 7w %, Kikotr; WHHH

FESES Q959.19 XEMFIREE A XEHRS  2095-9869(2020)05-0018-10

PR TEE M (Heat shock proteins, Hsps)i& H i % (Lindquist et al, 1988), H:H', Hsp90 &—2ikfk I
FEIRCNT I NEEE 2 —, AIEAMIARENE TiE SRS E AR N AR A, TR E L2y
FRERE; EEFAERMT, @IRABAESEE  RERESSEDR 1%~2%(Lai et al, 1984), B A%
i Hsps; MRHEI5H R/, Hsps 7] L1324 Hspl10s ., A ERTS . BN BTE s . A0 MG e 1 5
Hsp90s. Hsp70s, Hsp60s Fl/N>F1 Hsps 241K EIHE(McClellan et al, 2007), It45k, Hsp90 7EE T
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RAETWEAEEDGE . Flan, JEMITNIE (Xenopus
laevis) BEFANAEAY Hspo0 mlHE i iR b€ c-Mos K
H o, RO 22 24 )53 A 25 1 IS (Mitogen-activated
protein kinase, MAPK) i& & 3% W h{ 2 42 i B 7
(Maturation-promoting Factor, MPF) & i (4 & 4,
2007)., 1£ J1 %55 %+ i (Metapenaeus ensis) J1 £ 41 it
Hsp90 L5 i 25 32 1K (Estrogen receptor, ER)I: [r]{E
A, P B 5 B 8 2 1 R (Vitellogenin, Vig) %5 #E
FRIF 85 5 (W et al, 2008).

SR AL H (Sipunculus nudus) X 4% B AR5 kS B L,
BARUD L, AR T KR B, TR E AR
1 1 I BT IR O R (B SE, 1990; Li et al,
2017), HIREESE, SHAKEAAR . RELARS
BIRERRR, BARENTSMEE DR, 2016),
AR, SGHE BT RN T ARENL . TPk
PRV b DX SR R T PR (E A R e 2 T 7k A
o BT, RTOUHE RETAEY R FEAERE
SEOTIE, AT R FHLRIRGE . 4, FRIESF(2017)
38 TR 0P T R A R s, S T O Rk AN
FORAR | RS R B B BURT I OC R 5 TR 55
(20182) L5 T He i 2 ARG A4l i & & W T a1 o
O BRI R A R AR T A R A, (D
i 7 A L) IR RE A0 AN B A5 52 RS RE T o A AT B BE 20 i
AL, A BT S OP R4 MR SMIE BB R, T
DR R R, (e Kk R AR R TR
R O A T ) K B B ORI e SR L SR bt
], HspoO 7e b RR4N i b Rk E W RELE IR EE
sk B REREEHCRER).

A5 T RACE $ AR R4S SnHsp90 1) cDNA
K, IEXTIF AN . AN RIHL AR ¥ & F B
AR B A GHEAT 40T, LARSY SnHsp90 7EGRR 2
ORREZ0 A A B AR, S TG RR A R A0
B 15 F AL BRI TR

1 #RERF=E
1.1 LEHH

SEI R FDEERE T 2018 4E 6 HREAT KA
VLT R T, R VDA L AREE T AT I
AR T8, (RH 4(12.92+1.68) g,

K KT e AR R IR RS, 2 ml AR
D AR, BEAS o> HEMERE . B 30 MR, &
FEAMEL 2 ml (RIS, 58T S ml &0 8 ks i
B S min, UIRRANMVIEEIE R, L2EIFRP S
AAIIMANM . P A0S . 380, TEDTTE m
A RNA Later WHIE2), vKIfEHE S min, 3 BIEW,

PRI RNA Later WFTIRA] o K 3R A5 O1-RE 20 it B
TR AT E T 50 ml Bdr iR A, BRI 100, 150
F1300 H 4 iii i AT o900 8, 456 FRIESE(2017)
TAE, BRAG A4 G U0 B4 Y AR K K 7 3140 531
4 : Eggl (<48 um, B EIE 1841301 . Egg2 (48~108 pm,
B $8 E %A AT I)) . Egg3 (108~150 pum, BRI HERES R
JEH) A Eggd (>150 um, AN (A 1),

i n e L TSR A, BRI I uE v K v
BRW, HEEREmBRRA 2 ml B0, H
i EE B R A MR SE IR BE A, A RNA Later BT
RAT. AP ALIAS 30 M B4 T p IR 40,
IRAEVE RS Eges (B & BT 53 HL 30 R,
BRI A K P AR HEDE , 100 B i 4H M
BEHOUK RS MIETIEEANIE, Sl A RNA Later F]R 2]
YEJHE it Egg6 (FMIESRBEAHMT) .

fifE I 9 R ME HUBUARBE(M) . BAIE D). WL
(Rm) ., 548 (Ne)H LA K AR W 41 A(Co), T A TR
RS 280 CUKFEITRAE, FIT RNA $2HL,

1.2 SnHsp90 EE£ 1K cDNA Z[E

B RNA PR B — 4 cDNA & 1S i e fik 25
(2019) 5 AT o AR IR A PR 2H i G AR AE H e S
HAPE Hsp90 #4741, FlH Primer premier 6.0
B g EE 1.

K PCR §74% SnHsp90 3'UTR #1 5'UTR,
PCR W HI M 1%B M B vk i, =4 5 2 ik
pMDI18-T 4%, %42/ Y%k 2 DHSa JRZ A4,
FFFE R S R e BB R 9% 12 he PREUBH M 5
FEDE VA HEAT PCR Bill, S84 24 TAY TR
V) By A BR 23 JI I

1.3  SnHsp90 = 5 44

FI/ DNAman 8 XJillJ3 25 R ik7 Pf4%, KAH
SnHsp90 4K .2 ] ORF Finder (https://www.ncbi.nlm.
nih.gov/orffinder) #M SnHsp90 K FF ik 5 52 HE (Open
Reading Frame, ORF)V S8 R 2R )75 . I
ProtParam(https://web.expasy.org/protparam/)i#E1 7 Fi{k,
M K T S5 R T . ProtComp  9.0(http:/linux|.
softberry.com/berry.phtml?topic=protcompan&group=
programs&subgroup=proloc) # 17 £ F V. 4ff ffd € 17/ -
NCBI Blast 7£ 2k 43 #1 T E. (https://blast.ncbi.nlm.nih.
gov/Blast.cgi) #7751 [R] E 1 | — 2t 7341 . Phyer2
(http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=
index) UM £ 1 = 2544 o smart HE1 T8 51 25 F4) s 7
(http://smart.embl-heidelberg.de/), MEME (http://meme-
suite.org/index.html)i#F4T motif 288 . i | Mega X 14
Y RGN
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Oocytes of S. nudus at different developmental stages

A BRI (Eggl); B: BNEHEE S AT (Bgg2); C: BIEEHEESA A HI(Egel);
D: W#J(Egegd); E: BELFMIY (Eggs); F: SMEUIELAHM(Egg6). &l 8 [
A: Oocyte in beginning of yolk synthesis; B: Oocyte in early stage of vigorous yolk synthesis; C: Oocyte in late stage of vigorous
yolk synthesis; D: Oocyte in mature stage; E: Oocytes in the nephridioduct; F: Excretive oocyte. The same as Fig.8

*1
Tab.1

SnHsp90 EFEZER XX EERGIMFT

Primer sequence used in the cloning and real-time PCR of ShHsp90 gene

5|#¥) Primers %1 Sequence (5'~3") JHi%& Usage

5'-outer CTCCTTCTGCTCCTCCTCATC 5'RACE

5'-inner GCTCTTCTGTTGCTGATAATGC 5'RACE

3'-outer ACTCTCCGCTCTGGCTACT 3'RACE

3'-inner GGAAGAGGAGGCTGGAGATG 3'RACE

M13-F CGCCAGGGTTTTCCCAGTCACGAC # 7% PCR Colony PCR

M13-R AGCGGATAACAATTTCACACAGGA # 7% PCR Colony PCR

qPCR-S CTCTGATGACCTGCCACTGAA G E R Fluorescent quantitation

qPCR-A TGTGCTCCTGCTTCTCCTTC P H Fluorescent quantitation

60S-S GACGAGACCAAGGCTACCAT 2¢J6E i (N 2) Fluorescent quantitation (internal reference)
60S-A TCAACAGAGACACGAGGAAGT ¢ E i (N 2) Fluorescent quantitation (internal reference)

1.4 SnHsp90 £R KL

SRILL TBP(SK K JE4E, 2018b) A1 60s-L7(fifi ik it
PR ER)FEHFENNSEEN, Kl SnHsp90 7E A 4
AR ZHZY K AE AN ) A B B 01 O - 4 ) 2 8 7K F- o S
NAKRZ . EFH5144 0.4 ul, SYBR” Select Master
Mix 5 ul, cDNA #i# 0.4 ul, KEK 3.8 ulo SNk
4 95°CHAEYE 2 min, 95°C7AEME 15 s, 60°CiE KAk
1 min, %40 MER . SR 24 E3HH SiHsp90
HYAEXT F 3k 5, Jf ok IBM SPSS Statistics 22 #E47 i 3%
PEIMT (B A K FHL 95%) .

2 HRESH

2.1 SnHspO EREZER GEBEF T

AWEGE A RACE £ A 7o B 35 45 06 #f 2L
SnHsp90 FE [Fl cDNA J¥51, 44 3110 bp, HH, 5" UTR
4 72 bp; 3" UTR 4 582 bp, Tz 34E (ORF) K
JEh 2456 bp, Fifit 818 M2 KR . SnHsp90 [F]H E
£ B & Hsp90(Hsp90B)fY 3 /MEEEF %1 (FLREL .
IGQFGVGFYS .LPLNVSRE) L M {57 # e “GxxGx G™
(#l 2).
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1 cat gggacacaaact gggcagt gt t ggt gt ggattt cagacaggact ct gt ccgcact ccgagaaaaagaccATG
M

76  TCTCGGAAATATCTTTTCCTAGGTCTCCTAGGATTAGTATTATTAACAGCCTTGGCAGCAGCAGAAGAT GTACAG
2 S RKYLTFLGLTLGLVLTLTALAAAETDVDQ
151  ACAGACGAAGCGGACGCTGTAGTAGAGGAAGACATTGGTAAAAGCAGGGATGCTTCAAAAACAGACGAT GAAGCA
27 TDEADAVVEETDIGEKSI RDASIKTTDDE A
226  GTACAAAGGGAGGAGGAAGCAATAAAATTAGATGGGCTTAGTGTAGCCCAAAT GAAAGAAT TACGAGAT AAAGCT
52 VQREEEAI KLDGLSVAQMEKETLTRTDTIKA
301 GAAAAACATACATTCCAAGCTGAAGI TGATCGTATGACGAAACTCATCATCAACT CTTTAT ATAAGAAT AAGGAG
77 EKHTTFQAEVDRMTI KTLTITINSTILYK[NEZ K E
376 ATCTTCTTGAGAGAGTTGATATCCAACGCATCAGATGCTCTTGACAAGATT AGATTTTTGT CTCTGACAGACAAG
102 [T F L RETLTT S NASDALTDTIKTT RTFTLTZSTILTTDK
451 AGTGCATTATCAGCAACAGAAGAGCTCTCTATAAAAATTAAGGCAGACAAAGACAAT CATGTCTTGCATGI CATT
127 [S AL §S ATEELU ST KT KADI KDNHVYVLHYVTI
526 GATACTGGTATTGGCATGACCAAAAGGGACCTTGTAAATAACCTTGGTACCAT CGCAAAAT CTGGTACCAGTGAG
152 [D T GT GMTI KTRDTLVNNLGTTAKSGTT S F
601 TTCCTTCAGAAACTTGGAAATGCTGCATCATCCCAGGAGAGCAGT GATCTGAT TGGACAGT TTGGTGTTGGCTTT
177 [F. L Q KL GNAAS S QFESSDLTGCQFGV G K
676 TACTCTTCCTTCCTTGTGGCCGACCGTGTGGTTGTGACTTCCAAGCACAATGACGAT GAGCAACACATCTGGGAG
202 [Y S S FLVADRVVVTZ SKHNDTDET QHT WE
751 TCTGACGCCAACTCCTTCTCTGTGACCCAGGATCCCCGTGGCAACACCCTCGGCCTGGGAACCCAGATCAGCCTG
227 [S DANSTFSVTQDPRGNTTLGLGTI QT S T
826 CACCTGAAGGAGGAGGCCCACGACT TCCTGGAACAGCATACCATCAAGGAACT GGTACAGAAGTACAGCCAGT TC
252 [H L KE E HDFLEA®QHTTIZEKEL Q K Y S Q
901 ATCAACTTCAACATCTACCTCTGCEACAGCAAGACTGAGACAGTCGAGGAGCCTCTGGATGAGGAGGAGCAGAAG
277 F W T V E E L DEEE QK
976 GAGGCTGAGGAAGATAAGGTGGAGGATGATAAAGAAGATGAGGATGATGAGGATGGAAAGGTTGAGGAGGAGGAG
302 E A E D DK E D D EDGIKVEEEE
1051 GACAAACCAAAGACCAAGAAAGTGGAGAAGACTGT GT GGGACTGGGTCCTCGT CAACGACAACAAACCACT CTGG
327 DK PKTZKIKVEZ KTVWDWVL D NK P L W
1126 ACCAGAAAGCCAGCTGACATTACAGATGATGAATACAGTGAATTCTACAATTCATTCACACGT GACCATGATGAG
352 T RXPADTITTDDEYSETFYNST FTI RDIHTDE
1201 CCTTTGGCCAAGACCCACTTCACAGCTGAGGGAGAAGTGACTTTCAAGTCTATCCTGTTCATCCCCAAGACCTCA
377 P L A K HFTAEGEVTFZEKS STTLTFTIPIKTS
1276 CCCTCCGACATGTTCCACCACTACGGCAAGAAGACTGATATGATCAAGATGTACGTGCGACGT GT CTTCATCACC
402 P S DMFHHYGKI KTDMTII KMYVRRVFTII
1351 GACAACTTCGAAGACATGATGCCCAAGTACCTTTCTTTTGTTCGT GGAGTGGT TGACTCTGAT GACCTGCCACTG
427 D N DMMPIKYUL S VR GVVDSDDTELTPTL
1426 AACGT TTCTCGTGAGACCCTGCAGCAGCACAAACTTCTCAAGGTCATCAAGAAGAAACT CGTCCGCAAGACACTC
452 N V S R E T Q Q H K K R K T L
1501 GACATGATCAAGAAAAT CGCTAA(X}ATGAGTACGAGAAGT TCTGGAAGGAATT CAGCACAAACAT CAAACT GGGT
477 D M I E oW E S T N K L
1576 GTTATCGAGGATCACTCCAACAGAACTCGTCTGGCAAAACTGCTGCGF TTCTTCT CCTCAAACTCAGAGAGCGAG
502 V. I E D S NRTRILAKIL R F S S N S

1651 ACCACATCCTTGGCTGAATATGTF GAGCGCATGAAGGAGAAGCAGGAGCACATCT ATTT CATCGCCGGCACAT CC
527 T T S L A EY VETRMEK K Q EHITIY A G T S
1726 CGCGAGGAGGTCGAGCAGTCTCCATTTGT GGAACGTCTCCTGAAGAAGGGCTAOGAGGT GCTGTACCTTGT CGAA
552 R E E Q S L KK GY EV L YL E
1801 GCCGITGAT! GAGT ACACCAT CCAGGCTCTGCCAGAATATGAAGGAAAGAAATTOCAGAATGTCGCCAAGGAGGGA
577 AV D EY T I QALPEYEGE KI KT FQNVAIKTESEG
1876 CTCAAGCTAGACCAGTCTGAGAAGGCCAAGGAGAGGAAGGAAGCTCTGGAGAAGGACTTTGAACCCCTGCTTAAC
602 L K LDOAQSEZ KAIKETRI KTEALTETZ KDTFEPTLTLN
1951 TGGATGAAGGATGATGCCCTGAA(EACAAGATCGAGAAGGCCACCATTTCTGAGCGT CT GT OCACCT CAOCATGT
627 W M K D D ALKUDIKTETZ KA ATTISE S P
2026 GCTCTGGT CGCCAGCTCGT ATGGATGGTCTGGCAACATGGAGCGCATCATGAAGT CCCAGGCT TACCAGAAGGCP
625 A LV WS GNMERTIMEKSQAY QK A
2101 AATGATCCATCCCAGTCATTCTATGCCACCCAAAAGAAGACTCTTGAGCTGAACCCACGCCACCCTCTCATCAAG
677 N D P S 0 S A Q E L P P L I K
2176 GAGCTGAAACAGCGTGTTGAAACCAACAAGGAAGATCAAACCACAAAAGACCT AGOCGT CCTGCT TTTCGAGACG
702 E L K Q RV ETNIKE D Q K D L L F E T
2251 GCAACTCTCCGCTCTGGCTACTCCCTGAAGGATACTGCTGACTTTGCGGAGAGGATTGAGAAAATGATGOGAATC
727 A1 S GY S L K DT F AERTZEI KMMR RI
2326 AGCCTGGACATCTCTCTTGATGAGAAGGT TGAGGAT GAGCCTGAGGACGAGGAGGTAGCTGAGGAGGCT GAGGAG
752 S L DI SLDEZ KV EDEUPEUDETEVAETEATEE
2401 GAAGCTGATGAGGAGGAAGAGGAGGCTGGAGATGCTTCTGCTGCTGAAGAGACCCCT GAAAAACAAGAGGATAAA
777 E A D EEEEEAGDASAAETETT?PETZ KA QET DK
2476 ACAGAGGCAGAAACTGCTCAAGAGGAAGACACACCACCCCATACGGAACTGTAGaaatcat gaat ct ggaatttt
802 T E A ETAQEETDTU?P?PHTETL *

2551 ttaaataattgggtaatatagaaatttaaaatactaaaatggtattatgcgcaaacct gcgggagtctgataacc
2626 accaaaggacggaattgtacttagtgtgtgtcacttaaaacaatgccagacgagt caacgt cgatagegtctt gg
2701 agaat gat ggat ggcattataaaaggatattgtttttactgcactcaaaagtgaatttgcet gctggageactcag
2776 ttcatgtgttcat ggat ggtcgcagaccgttgttaagtatacagacattct cacgagegatattatgtgetaagt
2851 cattgtgcacgtgttcagttactc agtaaggatatgeagttttcatcattt cacattcctaatgtcgtcegattg
2926 taatatgttctgttagccagggacttgtgtctctgtttatcagtgettgtatatgtgtatgattetgtgttttta
3001 tggagtgatacgtaagtacagggtcatacattgactcactagagaatattt aaagtttgtaaataaactcttaga
3076 aaaccgaaaaaaaaaaaaaaaaaaaaaaaaaaaa

2 SnHsp90 cDNA J3 1) 4x K K #f T 1 SR T 41
Fig.2 The full length and deduced amino acid sequence of SnHSP90 cDNA

B 58 Hsp90B H H R FHIE I 5 GxxGxG LALLEFARR N 5 5'H1 3" UTR /NS FRER R 5 gt X LA R 19 2
ERFHAKRE FHFR; F9IRLUR G ; HATPase_c Z5 3R L SEAERE 5 Hsp90 25 H3 LA 15 (8 1A 58
The yellow background is the characteristic sequence of the Hsp90B protein family; the GxxGxG motif is highlighted in red;
5'UTR and 3' UTR are indicated with small letters; open reading fragment and the deduced amino acid sequences are indicated
with capital letters; the signal peptide is highlighted by a gray shadow; the HATPase c¢ domain is outlined in black box; the
Hsp90 domain is highlighted in blue
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2.2 SnHsp90 EBREWLX T

F ] ProtParam T 455 SnHsp90 A BHIS /> T &
41 93.839 kDa, FFHi Nk 4.75, T AR 178 4,
IEHLT R AL 114 4>, 25 R o, HAR% 15 (Aliphatic
index) & 77.98, &L 1435 K ¥ (Grand average of
hydropathy, GRAVY)}-0.752, J& T3E/KIEEH ., f#
F SOPMA 4%+ SnHsp90 — 2% 45 g #EAT T , K 0
BB TiE | B A NI AR EE 53 ) AR Y 55.87% . 4.28%
1 12.59%. M RE £ 45 9 R, SnHsp90 &
MFHE N L S5HIRaH R, RIEYF Hsp9o
A AR TR . 4l W 25 44 S (HATPase-c
Domain) FI#A 72 8 11 45 #4 38 (Hsp90 Domain)(/& 3),
A L Hsp90 25 A 7E 45 M3 1 BUA e BE R

2.3 Hsp90 EEF IS H

X S 5 T8 M 7 7 28 (Lingula anatine, XP_
023932276.1). /I Hi(Capitella teleta, ELU00023.1).
77 12 (Pomacea canaliculated, XP_025107756.1), K
SF-VE4WE (Crassostrea gigas, BAF63637.1)., /K%
(Helobdella robusta, XP 009019107.1). i3k JE g I
(Lottia gigantean, XP_009065664.1) . HF k5 I
(Mizuhopecten yessoensis, OWF41993.1), [ [&3CE
(Branchiostoma belcheri, XP_019627224.1) . e i &
(Acanthaster planci, XP_022100344.1), Bt 4Ll f
(Maylandia zebra, XP_004567801.1), e %%
(Oreochromis niloticus, XP_003443932.1), Z:{fff
(Cyprinodon variegatus, XP_015232211.1), F&kik

Sipunculus nudus -

0 100 200 300 400 500 600 700 800
Mizuhopecten yessoensis == -Pase

0 100 200 300 400 500 600 700
Lottia gigantean - -’ase >

(I) 160 260 360 460 560 660 760

(l) 160 260 360 4(I)0 5(I)0 6(I)0 760 8(I)0
e+

(I) 160 2(l)0 360 4(I)O 560 6(I)0 7(I)0

0 100 200 300 400 500 600 700
Pomacea canaliculate - E

(I) 160 2(I)0 360 4(l)0 S(I)O 6(I)0 7(l)0

K3 AFEPF Hsp90 25 £ AL 1

Fig.3 The domains of of Hsp90 proteins of different species
LA ARSI S0 = HATPase_c Z5H0; RO N Hsp90 Z5H; #5)Fh hsp90 JE A ¥ 9118 3¢5«

WRSE 5 D OWF41993.1; Jifi sk JEE U1 XP_009065664.1;

/INk H ELU00023.1;

S 5 2F XP_023932276.1; K445 BAF63637.1;
I XP_025107756.1

Red section is signal peptide; green triangle is HATPase c domain; black rectangle is Hsp90 domain;
The hsp90 GenBank accession numbers of each species are following: Mizuhopecten yessoensis, OWF41993.1;
Lottia gigantean, XP_009065664.1; Lingula anatine, XP_023932276.1; Crassostrea gigas, BAF63637.1;
Capitella teleta, ELU00023.1; Pomacea canaliculated, XP_025107756.1
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(Segodyphus mimosarum, KFM57735.1), R KD Hfr, SEHLE i Hspoo 555 M i 52 f AP de i
(Oncorhynchus kisutch, XP_020311813.1), Ki#fixfa K 77.72%; 5RKIIRAGAHLERIK, H 69.18%.
(Boleophthalmus  pectinirostris, XP_020790709.1) () X ARREIYIFF ) Hspo0 & 5 #E1T Motif 43041, K& B
Hsp90 2 1 50682 1 Hsp90 J7# #E4T motif 43#T, XL HA Motif (1~10), HAHXE—2, #
SR, YR Hspoo 2 AP AR F R (B 4). — 2538 Hsp90 & 76741 L PR~F % .

Crassostrea gigas 75.58%
Capitella teleta 77.25%
Lingula anatina 77.72%
Helobdella robusta 75.54%
Pomacea canaliculata 76.61%

Lottia gigantea 74.41%
Mizuhopecten yessoensis 73.44%
Acanthaster planci 72.46%
Branchiostoma belcheri 73.32%
Cyprinodon variegatus 69.97%

Oreochromis niloticus 70.65%

Stegodyphus mimosarum 69.69%
Oncorhynchus kisutch 69.67%
Maylandia zebra 70.67%
Boleophthalmus pectinirostris 69.18%

i

Sipunculus nudus
5 ! 1 1 1 3 !
00 0 400 500 600 700 800 900

(=]
383
w
=35

w0 10

========================

e e i S L B
R R T T e R S o A s

= L T e S L R s s R T T e S S e e e R R e s T e T s s s n e o s T S T e e =

ot - zagEEL2lK] KaDmmanl YIOTCLCNTKeRL v CT IAKSITSEE
amoit8 ~RCTTL el LK EEADEL BTt el Visk | SOFINEL | el SKTETVEE.
@D -5 11/1Rx by eeDl oV Ko KDen bar FTARCEVTRYSILEY.
motft10 -)oTALDL AvYhFETATLRS Vel =llaaFARR) ERlLRLSUSY LLOSKYE

Kl 4 Hsp90 ZHEMR T Motif 7347
Fig.4 Motif analysis of amino acid sequence of Hsp90

SR ENS st BB TE . KRR Hspo0 B UL WSMRIETIZE . Neih | kR . (IICCE ML A6
SnHsp90 JEFF =HLAE I, SR, SCE S H BT P SR AR KAk T
WS T 5 . /it JKHE HspoO 76 = JGZ5 8 LRI WA A0 Hepo0 28 VIR R AL I R . 2656
FEIRTT(E 5). B0 Hepoo BB 11 = Oabb (e, 7% HspO RETE AT Sy A Sh A e shss
‘ ok, TERATHESIT, R Hspoo HAKEE. A
2.4 SnHspd0 RHGL A Sty SR R, T T AR
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Fig.5 The spatial structure of Hsp90 protein molecules of S. hudus (A), L. anatina (B), C. teleta(C) and H. robusta (D)
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Molecular Cloning and Expression Analysis of HSP90 of Peanut
Worm Sipunculus nudus

ZHOU Dan, SU Yonglin, ZHONG Ruzhuo, GUO Zhicheng,
WU Jing, ZHENG Zhe”, WANG Qingheng
(Fisheries College, Guangdong Ocean University, Zhanjiang 524025)

Abstract Heat shock protein 90 (Hsp90) plays important roles in correct protein folding, intracellular
material transport, cell proliferation regulation, and gametogenesis. In this study, the full-length cDNA of
Hsp90 (SnHsp90) of Sipunculus nudus was cloned using RACE technology. The results showed that
ShHsP90 is 3110 bp in length, including a 3° UTR of 582 bp and a 5" UTR of 72 bp. The open reading
frame is 2456 bp in length and it encodes 818 amino acids. Sequence analysis showed that SnHsp90 has a
signal peptide, with three tag sequences FLREL, IGQFGVGFYS, and LPLNVSRE and a conserved
module, GxGxG, of type B Hsp90, thereby indicating that SnHsp90 belongs to the Hsp90B subgroup.
Compared with other species, SnHsp90 showed the highest similarity (77.72%) with the Hsp90 of
duck-billed bean sprouts. Three-dimensional structural modeling showed that the spatial conformation of
Hsp90 among different species is highly conserved. Phylogenetic tree analysis showed that SnHsp90 was
clustered into one branch of Hsp90 of annelids such as Capitella teleta and Helobdella robusta. The
Hsp90 of all invertebrates was clustered into one branch, whereas that of the vertebrates was clustered
into another branch, thus suggesting that SnHsp90 is closely related to the Hsp90 of Capitella teleta.
RT-PCR results showed that SnHsp90 was expressed in different tissues of S. nudus, such as those of the
body wall, muscles, and kidney tubes. S\HSp90 can also be expressed at different developmental stages of
oocytes, and it is significantly expressed in Egg2 (oocyte in early stage of vigorous yolk synthesis) and
Egg6 (excretive oocyte) (P<0.05). This result suggests the involvement of SnHsp90 in correct protein
folding, yolk synthesis, and environmental stress resistance of S. nudus. The above results provide a basis
for further exploration of the developmental mechanism of Spunculus nudus oocytes.
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