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(1. BHEHEPERFK =S arE e L 2013065 2. AR Ak i i sl il #5458 & i o Se e 8

T E K RIS B AR RIS R 2660715 3. HBEERE SHA S EE LB E
WAL R S 'Y S R RE L E HS 266071)

BE AR VLM (Saccharina japonica) ‘¥R 1 5° X4, it RACE-PCR 7 i k45 4
hsp70(Sjhsp70)#£ Bl 2K ¢DNA 77|, J7 7l a4 &k ¥, 2K cDNA KJE § 3778 bp, 4 1/ 2892 bp
By TF R R AE, 5'Fn 3R KK E 05 4 101, 785 bp, BEHMALKR S EMENK T 2T
=, WEENREERE. NA BLASTP 2 F Xt 1 B 4 #f HSP70 & g th ik fr k¥, a5 K E A
= (Ectocarpus siliculosus)#] HSP70 & & B fc vy FlR 1, F HSP70 & g Mz st (b B =, 7%
WEKBEKZRN—K, Z—REMTNZE AR 963 MNALBRA R, B4 354 a Eif 25 4B
&, DLUELIE B2 £F(Saccharomyces cerevisiae)HSP110 & A = 4 459 3CTN H# M, 7 I-TASSER %%
LM A HSP70 B a W Z 445, FNMEAENE 3CIN W A AR EM _REH T T
R X Sihsp70 FE AR B T RET NN ERR, SR Shsp70 Rk BEHBED W,
Sjhsp70 7 25°C | 24 h firit - tFit, RIX BB R AH. RKHF K N EH i HSP70 & & &b R H
X BRI e By AR 4R IR K B

XA W KR 15’ HSPT0; RACE; A4 &¥447; K tE& PCR

FESES Q758917 XEAHRIREE A XEHES  2095-9869(2018)04-0152-07

PR T H (Heat shock proteins, HSPs) & Hi Z& 25 FEEER BN, (HEMA F e . YrB
FRIBAAE T ROt =1, 254 S AR SY, FE R b2 A= W S5 3 TR T 3R 08 i I N (G 0E 4,
BB ) ZAATER—RE T, HSPs BIRN,  2013) & B4 F 5t YA IR, HSPs 432/ HSP100 .HSP90
H F ik SR8 (Drosophila melanogaster) i R 58 X HSP70. HSP60 LI K /INiyTF#HAKTEE H(Waters et al,
I, I, HSPs TFEAZZ 2 {2 L TERIBIGE (Wang e al,  1996), Hih, HSP70 ZHI5tH% | BEAMEA, 16
2004; R XAF, 2016) HSP fEIE W FINHIE AL T ¥k SRR, mERBA 0 THARNII6RE, 2554k
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RHVEEE: W hsp70 FEFRTORE | A3 HT S SR K E R AFAT 153

JOR ) J 8 S 28 1 AR M I M | R, R N
B R R, 1 4 M B A PR 4R O A A
2012), P4, CMNERIBEEIE P ENAT T hsp70 751,
Xf Z e hsp70 FEF L5 FITIRE . VA HLHL S5
FTTHEFE, Muller %5 (1992)7EHF 5 B4 il 35 35 141 4K 5
(Chlamydomonas reinhardtii) hsp70 FER R &5 K&
B, HARTESEEY) hsp70 R, ULIHTEAR
R AR, hsp70 FER BA P H I ZREM:

W (Saccharina japonica)e=—F2 IR i , &
PR R RGN E A MUY, W23 E A R R
N TFIEME W LTS, AIRE K= 5756 k45
R TTR(E RASE, 2008). iy R 15" 2M
e R S5 R RAN AR, HaE S
2L AU, EE AR B R, HEA 5
e TR RS AR (kI AR, 2016), A
W LA MR 15 Bk, i) RACE Jrigiik
1 Sjhsp70 41 cDNA J¥81), WRH4E 755 S5 H &
HBTASH AT, il 98 e PCR 34T il B2 X)
hsp70 BRIk s, LA A iy it e i i 4 1
BLIF 5% £ HE AR

1 #wREFE
1.1 #FR4bIE

2015 4F 11 J 12 B, #F R 157 RAL
RoR T A MESRAIRR, PREE RN ST | R TSI
B, KEEZR 5~6 cm. KRR 4 v 7E i
FER 13°C . 6k 30~50 umol photons/(m?*-s). Y/

WIh 121 0 12D MR, 555% 1 d, BRI 347 NaNO;
1 KH,PO, ¥ W) K & 7K , N He 8 3 mg/L, N : P=
10: 1, ARSEIRESR. TEHIRQSC)Aues o, 3.
6. 12, 18,24, 30, 36h, L0 NBF%, WK Sjhsp70
FE DR A e T o 20 S [ () 8 R Ol o S T R
(2°C, 6°C, 10°C, 14°C, 18°C, 22°C, 25°C)i}, Ab¥H 3 h,
PL10°C R, IR Sjhsp70 FeHAEA [R5 1 2655
T

1.2 H RNA 2E

K JH RNeasy Plant Mini Kit(QIAGEN)#EF 77
B RNA Wl s AP HL, Jr k2 BRI & vl .
o Jr B RNA 283 BRAR M (1. 2% ) BRER L VKA, 4 A
SEREME, FFAE Ageo : Aggo 25T, RILEL RNA B4,

1.3 RACE ;% [# Sihsp70 cDNA &K F 71

5'-RACE #1 3'-RACE ##t % | Gene Racer™ Kit
(Invitrogen)HEAT 6 M o HRHEAS S50 2= 5 S 4 I3 45
FEF BT hsp70 FERFF], RH Primer Premier 6.0
WAt S-RACE 514 HSP70-R1. HSP70-R2
F1 3'-RACE 5|4 HSP70-F1, HSP70-F2(% 1), M4 T
A T AR () A BRI T A . T ) HoAth
SIMIFES) W 1, MR RACE il F &6 m], 4 9 ]
PCR ¥ a5 3] 5" A vt A1 3" A5ty , >R FHEIEHHEEAL (1.5 %)
HLPKXT PCR P4 14007 o i 7E H A9 S5 e DS TRl
HHF pUCm 21k, ST AL SZ 520/ DHSa, Pkik
FHPE SR, A7 TAEW) TR (LT B A FRA 7 1k
ATI)F, ARPEIT ¥ 5 Pk 4K cDNA,

x1 5IMBMRREFT

Tab. 1

Primer name and sequence

EIR/EA0

Primer name

51491175

Primer sequence (5'-3")

5" GeneRacer outer primer
5" GeneRacer Inner primer
HSP70-R1
HSP70-R2
3’ GeneRacer outer primer
3’ GeneRacer Inner primer
HSP70-F1
HSP70-F2

CGACTGGAGCACGAGGACACTGA
GGACACTGACATGGACTGAAGGAGTA
CGTGATCTTGGTGAAGGTCTGCTTGGGTT
CGTGTTCGTCACAATCTCCAACGGCTT
GCTGTCAACGATACGCTACGTAACG
CGCTACGTAACGGCATGACAGTG
CCCCTGAAGAAGACCCTGAGCATCACC
GGCGTTGTCGCCTTCGCCAAGAAA

1.4 HEYEEHHT

JFIR B EEHE(ORFY ] - F1 ] NCBI 1) ORF Finder
(http:www.ncbi.nlm.nih.gov/gorf/gorf htm1) - $% % A 7
F5E 4 ORF .

HEHE TS5 A ProtParam (http://web.
expasy.org/protparam/)7E £k T. EL53Hr HSP70 & FH 4 I
(AR Z%, | NetPhos 2.0 (http://www.cbs.dtu.dk/
services/NetPhos/)7E 28 T. 5. 7 25 (1 B R AL o 45 o

Z 75 Lo X RN AL # 4t - 1] BLASTP F % -4k
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W hsp70 FEH P FEIVEF S, #H CLC Genomics
Workbench 8 FAF X} )45 B[R] 57 51 - 722 91 L X
WG 2 8 FE X455, Fl MEGAS .2 #FH ) Neighbor-
Joining YA AT HEALA AE 4 o

HEHR RGBT M. A AH CLC Genomics
Workbench 8 FAFHEAT 8 T — G454 40 B f Tl
TSR RO A S B R O C BRRR BT L N
7oy A A VA e s 3 < R S e

LSRN . H AR A 4E 253 T 1R
YRR I-TASSER 754 #/F (http://zhanglab.ccmb.m
ed.umich.edu/I-TASSER/)#E4 7 Fi i

15 EEZ PCR

KH qPCR B, 20 #7 Sjhsp70 FEAEE R AN
[ 5 S N mRNA W25, E8 o-ME RN
(o-Tubulin) y NZHEN |, Sjhsp70 5 NSHEEZ RS 1)
JFHI LR 2, %)t qPCR Wi t&FRH 2 x SYBR Green
Mix, 25 ul; PCRIEM54), 1 ul; PCR 5197, 1 ul;
FEIHR ¢cDNA, 5 ul; ddH,0, 18 pl, SRR H 50 ul,
XA X S i E 3 AEE KL 1A
PEXT IR P E B PCR R MR )Y : 95C HiAS P4 10 min
J&, #MR95°C, 30s; 53°C, 30s; 72°C, 1 min R
N AR P HEAT 40 MEIR . Rl N FRY . Hh 60°C
B HETHES] 95°CHHE 0.5°C, JHIE 10 s, JH 27243k
T Sjhsp70 BARST Fak it .

2 HRE5HH

2.1 Sihsp70 £1¢ cDNA =R 57

F| ] RNeasy Plant Mini Kit $2HUEHT E RNA,
Aseo : Aggo FUIE R 1.92, B Il £ 097 RNA 4l i
A o B BE R HL KA I 28 s AT 18 s 2 SR B AT
TR BT ., A SRAS AT A RNA SEEMER(E 1A).
RS S Gene Racer 51#14y 94T 5'-RACE
F1 3-RACE §34, 1.5%Z0 N5 5 11 i i Azl 2 A
5-RACE PCR ¢ 51 4574 K/ R 250 bp Z2 47 (K] 1B),
3-RACE PCR ¢ 5P 557 K/INR 2000 bp 2245 (1 1C),

O3 B OF BEE G 345 Sjhsp70 421 cDNA J¥51,
Sihsp70 FA—A~ 2892 bp KAYFFRLIEHE, 540 39k
A X A EE 23501 101, 785 bp, Poly A EBEEME Sk
XA T 3765~3770 bp b ¥ Sjhsp70 JFINEERE E
NCBI #8515, JF51%5 4 KY986415,

2.2 SjHSP70 LR

{di i} ProtParam Xt Sjhsp70 4t S]HSP70 25 14
BTy, SJHSP70 &4 963 MR IEM, Hr+#h
103290.11 Da, FLIRSEHL LN 4.83, ZEHEA 163
AN B0 R g P R SRR LA 118 AN 1 R Y Sk
5, BB N DR G o 1R IR TR BCh
79.00, HiKMREECN-0.369, AEaEMETEECN 33.12,
AR E TR A

2.3 SjHSP70 F 5417

X} SjHSP70 My 3L 7 5447 BLAST 437, 45
R, S{HSP70 SHAbMF ) HSP HAHAR RN
[FEPE . Hdr, 5K %K1 HSP70 25 (A BYAR LR 35
F|T 76.69%, 5 MU EE (Aureococcus anophagefferens)
) HSP70 & FIAHMIE K 44%, ViIAARAFFT R4S /Y 3t
PR3 30 SR AR 5 3 1 KR I i 36 1R, X SjHSP70
FEHIE— A 0 & B, SJHSP70 f045F N AR A% fR 45 &
X YIS IR C A, N AR5t R4S A XA T4
31~418 NEFEIRZM], KPS G XL T4 426~598
NEFEMRZH] . HSP70 511 N A iz FE 07 4 (= B2
PRSF, BA 455 1K i ATP 3% M0 o B SignalP
4.1 B4 Hr & B, SHSP70 () N i HAT —BE 28 &
HERpES Rk, H SjHSP70 B C KipE MR ITF Y H
EDEL, #&It3IKr S;HSP70 Rl GEA: TN B MY .

AW FASH| K SHSP70 5 Z FiiiiE AT HSP70
(Fu et al, 2000 HBIEE 20 30%, Hidr, 2 A~ H BT
600 2 FEMR T S AL EE 298 40% , ULEH I rh HSP70
f) N Ui PR SFHETE SR . b T HA SjHSP70 5 Hifth7e
KA RGE A9 HSP70, M NCBI Sl JE Rt T
¥ 47 2% (Undaria pinnatifida) . ¥x %8 38 (Porphyra
haihanensis). WF& (Enteromorpha sp.)55 12 FhiEE 31

£ 2 Shsp70 T2 PCRIIMERNESEESIMFT

Tab. 2 Sjhsp70 quantitative PCR primer and reference gene primer sequences

#MH 1D 514 1D Gkl PR E

Gene ID Primer ID Primer sequence (5'-3") Length of product (bp)

Sjhsp70 sjHSP70-1-f50 AGACAAACAAGAGGCGAACCAA 100
sjHSP70-1-r149 ATCCTGCCAGAAGCCCACC

a-Tubulin TUA-F CACCACTACCTGCCACCACA 119

TUA-R

CAGACCGCAACATTTCAACC
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K1 Sjhsp70 i RNA Fil RACE Hi ¥k
Fig.1 Total RNA and RACE electrophoresis patterns
A: i 5 RNA HUJK; B: 5'-RACE PCR HLIK;
C:3'-RACE PCR HL3k ; M:DNA 43 FHhrifi; ikl 1:5'-RACE
PCR HIJK45 R ; JKi#i 2: 3'-RACE PCR HiJk%%

A: Total RNA electrophoresis patterns; B: 5'-RACE PCR
electrophoresis patterns; C: 3'-RACE PCR electrophoresis
patterns; Lane M: DL5000 Marker; Lane 1: 4sp70 5'-RACE
PCR results; Lane 2: Asp70 3'-RACE PCR results

HSP70 J¥FI(El 2), X H#AT 255 X a8 &3,
SjHSP70 5K %K =1y HSP70 & MBI k5] T
76.69% , 5 HA K HUIEESE ) HSP70 AILLEETE 30%~ 40%
Z ], AR 7R, SJHSP70 5K %7K =5 HSP70 A
PR —A, AN EE R HSP70 AR B AGE .

24 SJHSPT0 EH &M A

¥ Fil CLC Genomics Workbench #k{F-#47 SjHSP70
W R R, % 963 AR N,
A5 350> a BRBEA 25 4> B . AERR PSRy E A
Wt C WAL AL RO S DL 3, MNIET 3 T LR
i, WM NetPhos T H.JHMNEE i h 2252 . Jh %

58

50

i P2 SR B RR AL AL, 76 HSP70 & [ i rh L 76
M 23 A 22 JIRBERR LA S, 12 IR E R BRIk
SR 8 AR IR R AL o

T STHSP70 FIERE I £E(Saccharomyces cerevisiae)
HSP110 435145 963 Fl 650 A~ FEAR , BRiPi B2 £F HSP110
EH1E PDB %4 LAY ID 4 3CTN. i SjHSP70
() = YE 4546 (1] 4)J2: LA 3CTN WA AE I-TASSER #1F
TN, %R LT B B B LR R, R E
45K C fHh-2.28, £ HY 3CTIN 1Y A BETEST S
TR IR R 2R, H AR SjHSP70 A AR 4
I BRI 2 BE HSP110 25 A AR B 1Y T™ {F1 RMSD 73
WK 0.662 F1 0.96A .

25 BEEST Shsp70 £EFEWER S

.
=}

A2 E B PCR X} Sjhsp70 3N Z 5 1R.(25C)H i
T8 AEAN [ B (RS [RR EE RS, AbBE 3 h (4 SRk T
0T, GERULE S TR 6, IE S iTRLE W, miR250)
JURERT, 24 h Y BES PRA BRI IR, Sjhsp70 ()RR
HIRWHE R, 7E 24 h BARGARIRIAENREKME, 12 h
HIBG B B, 12~24 h [AIBGMEE EE 9248, 24 h 5
Tk mB WAL, B TR Sjhsp70 WFRBHATRE
RO, AE R EE A R R N R R ERA , KT 25
T A SR TRERE T, TR B ER IR R,

ML 6 FTLAFE Y, AN TR EE AL 37 2 6 -4
Sjhsp70 5 Z BB B R, DOl A K I B
JE10°CAZ %, HE/NT 10CHIKT 10CH L5
Sjhsp70 5 E, /NF 10CHE, FRARE, KT
10°CHY, TR SRR S, 25°Cf Rk a i,
IR A F AR IR I X Sjhsp70 263K R0 T 2

494: YP063608 Gracilaria tenuistipitat
100 QI1XD2 Pyropia yezoensis

CAA42154  Paviova lutheri

KY986415 S. japonica
EL 100 : CBJ29717.1 E. siliculosus

— ALJ33147.1 Gracilaria lemaneiformis

60 L——— ALAS6111 Pyropia seriata

AlJ27588 Chaetomorpha valida

4100: ACJ05912 8. japonica
ACJ05914 U. pinnatifida

40 { ACT67905 Ulva pertusa
100 ACT67906 Ulva prolifera

AHC94269 Pyropia haitanensis

Kl 2 JET HSP70 ZAMITFIIMER NI R G
Fig.2 The phylogenetic tree constructed with HSP70 sequences from different species
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Fig.3 The predicted secondary structure and annotated function sites of the SJHSP70
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SN

of hsp70 gene

hsp70 FEFE A RE R
The relative expression level
S N B &N

0 3 6 12 18 24 30 36
B8] Time/h

B 5 Sihsp70 TEEIR(25°C)ES T HYFE K B4Rk
B 4  SjHSP70 ZE A TN = 4 25 44 (5] K L Fig.5 Variation of transcriptions of Sjisp70 under high
SRR TS temperature of 25°C
Fig. 4 Predicted 3D structure model and the main chain o e . e
. Vi RIS R85 5 3 (P<0.05)

interface structure of SJHSP70 k s
Note: Different letters represent significant

A: SJHSP70 Hy=#EZ544; B: SjHSP70 5 H4) FIHRIPY % £ difference (P<0.05)
HSP110 3 F ik EHEM & . R @A IR HSP70; % A
62 SR E I HSP110 66 3 ik
A: Predicted 3D structure model of SjHSP70;
B: Superimposed prediction model and native cartoon Kahsg R, hsp70 FETE VR A D P ) 7
structures of SJHSP70 and HSP110 of S. cerevisiae. Rainbow R EERETA/ER, MYAESZ AR A, ki
structure was represen ted of the SJHSP70. Purple line is AR, 2 L hsp70 (32 Tk 0 RO T R

displayed using the alpha carbon backbone trace of

S. cerevisiae HSP110 Wpr Sy, HALKI T EER HSP70 AW IS 54 E
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Fig.6  Transcriptions of Sjhsp70 at different temperatures

FTE | R B (IR R 5 DL S D Bh A P B 1 I 25
(Wang et al, 2004; T34, 2015), Fu % (2009)HF5%
LW, WA hsp70 FEPRFRIR Z R EE A o ALK E
TEZ T IR SRS S R, 240 hsp70 FERTE 5
R8T 2235 FIR(Liu et al, 2014), AW 700 T H
W) 1A Siksp70 FER, ZFE R B SJHSP70 8 H 7
H 963 MEILMR . 52 ATHGE YA H HSP70 8 H (Fu
et al, 2000)H Lt , Z i 306 MEIERR . —FHHREA HSP70
EEFFA RS & IX . BEIX . IRPIES G X UK C
Rilx, Horr, 78 N i HJE ATP 2560 X, —
HAMRE R, TEECHEI | JEWE AKX C Ky, =%
B AFARLEE S8 AIC o AR 98 3545 SJHSP70 414 H1 /e v T N
JEMIP, 22 B RGE 3 HSP70 (Fu et al, 2009) 2
MR A, —F T REEA AR AERRYIRE, YEFIMEY
ATREART], BB IREE & X AR

R4 HSP70 (k268 , nl 43 M4l HSP70
Fi5 TR HSP70, T & 16 IE 8 &M Nt AR RS,
LA R A0 E AL 16 sh 7T 22, I 5 3 7 2 IR B A
Z 8 i S 235 (Swindell e al, 2007), ARBFFE K
B, Sjhsp70 FREER LKL T AEMELL, %
B = AR A R, # A FE R, JLHEZ RS
M E R, FRE S KRN, 25 CH YRk E &
10CHY 21 {522, Sjhsp70 7552 3| miRMEE(25°C)
Bf, 24 hjgRAEBHTE, Bl 24 h)5s, Rikg
NIFURFRAR o Z R HRGE 77 5 S50 0 1 32 B A% b B
W, H hsp70 78 25°CAFE 7 h 5, Tk I AR
{H(Fu et al, 2009), —#2ZSMIREA, THEE B 15
) i it 2 L T 0 b DX SR B VAT ) v TR T A2 P
AT e T, Frsm RIS PR TEE F, RS
H B T 32 1

AHFGEFERESRAT T 1 AN hsp70 P, 28T
1235 PR P IREATY o T I s %) 3R R AE , JRRTT T Hoxt
P R R SZ P VE R o R —2 TARK 4k St o
Sjhsp70 TE AT ASTR) 5 R 52 P A 4R b G 51 &2

BEVE, RIS, 3 e 8 22 R0 5 vt i 52 1 =22 18] B A
SR, FHSREE SR Aty ol s IELAL ] A A e B (At E B Y
BB, A A = T A A5 7 TR SR
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Abstract HSP70s are heat shock proteins that exist widely in prokaryotes and eukaryotes, and play
important roles in biological resistance. The full cDNA sequence of a Asp70 gene in Saccharina japonica
(Sjhsp70) of 3778 bp was obtained by RACE technology. Sjhsp70 consisted of an open reading frame
(ORF) of 2892 bp, a 5’ untranslated region (UTR) of 101 bp, and a 3’ UTR of 785 bp. Analysis of amino
acid content and physicochemical properties showed that SJHSP70 is a stable protein. Comparison
between the amino acid sequences of SJHSP70 and the well-characterized orthologous HSP70 proteins
from various species indicated that SJHSP70 shares the highest similarity with the orthologous protein
from Ectocarpus siliculosus. The phylogenetic tree of the examined proteins indicated that SJHSP70
formed a group with a HSP70 from E. siliculosus. Secondary structure analysis of SJHSP70 showed that it
is composed of 35 a-helices and 25 B-strands. Three-dimensional homology structure modeling of
SjHSP70 was predicted by the I-TASSER server according to the 3C7N template. Overall, the folding and
secondary structures of SJHSP70 were highly similar to those of 3C7N. To study the correlation between
SjHSP70 and the resistance to high-temperature stress in S. japonica, real-time variation in the expression
of Sjhsp70 under different temperatures and different stress times was determined. The results showed
that high temperature had a significant effect on the expression of Sjhsp70. The expression of Sjhsp70
continued to increase with increase in temperature, with the maximum Sjhsp70 expression at 25°C after
24 h of high-temperature stress. This result indicates that Sjasp70 is probably related to high-temperature
resistance in S. japonica. This study provides a foundation for the characterization of SJHSP70 and for the
study of SJHSP70 function in the high-temperature stress response in S. japonica.

Key words Saccharina japonica ‘Haitian No.1’; HSP70; RACE; Bioinformatics analysis;
Quantitative real-time PCR
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