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[ Abstract JObjective . To study interaction sites of the glucose-regulated protein 78 kD (GRP78) with pre—S1 protein (PreS1) of hep—
atitis B virus(HBV). Methods ; Being amplified by PCR,the open reading frame of GRP78 was subcloned into pW28 and expressed in
Escherichia coli(E.coli) B834. The GRP78 protein was purified by nickel affinity chromatography column. Three truncated plasmids
of HBV PreS1,including pGST-PreS1-X1, pGST-PreS1-X2, pGST-PreS1-X3 , were expressed in B834 and then the bacterial protein
was purified by GST affinity chromatography column. Interactions between GRP78 and PreS1 truncations were detected by pull down
and microscale thermophoresis(MST). Results : The recombinant plasmid of pW28-GRP78 was successfully constructed. The GRP78
protein and the fusion protein( GST-PreS1-X1,GST-PreS1-X2,GST-PreS1-X3) were obtained. The directly interaction between
GRP78 and fusion protein were detected by pull down and MST, suggesting that the 1-65 amino acid residues of PreS1 play a key

role for GRP78 binding to PreS1. Conclusion : Thanks to the molecular cloning and purified technology of protein purification, the fu—

sion protein of GRP78 protein and the PreS1 truncated seg—
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ments is formed. And interaction sites of GRP78 protein and
the PreS1 is primarily compared, providing preliminary data for
future study.
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1M LRI 5 (hepatitis B virus, HBV )&%
B EAR S — B AR IR 2.4 12,
HFFER L H R N B FFAE AL (cirthosis ) T8 (hepa—
tocellular carcinoma ) I XU 385 /57 | F:4F 1 & BT 25
SEIFRE 2L 50 T7~60 JT AR KAy, ok 4 ek
FEREFE TS RIS, BAR H T A AR Y T
#t Z (interferon , INF) M 4% 2 25 L ¥ (nucleotide
analog, NAs) A TIAIT , (HAFAE KA TR 25 IXUSS:
L 2 BB 75 Y 52 7K S R i B 5 1 A8 B IR A
IR MELLSE A THBRM, PR, X & s 25 B AL AL
)i — LR AR I

78 kD 1) % A A E 5 25 1 (the 78 kD glucose—
regulated protein, GRP78) , Jilii 45 & SLE )& e H
THRIEYLS R, Wk Z R BiP, FERT B 40Erh
RIYH GG RE I EEELE S F FYE R H
N heat shock 70 kD protein 5(HSPAS )& [l 2 At ij
% HSPAS, J& T #YAK 58 75 11 (heat shock protein,
HSP) X% , 5 HSP70 f5 60% 1 [R]85 4 7F
VA5 W S ZORE AR A S N B I 23 7R BT LU
HEA ISR el D RS i,
i Z B, GRPT8 &7 2 DINRELS M A% H R
SEE B, AT LASS SRR ATP, JIRY)4E G 45 B,
JETFAEMFAYZRKT, GRPTS8 B 2 36 16 i s 41 ity
REBEA A m O B 5 Mg g sE T8 I P
Ko BIEAT LAAERF N BT AR B Y I S RE ) A
DAL IS 19 s g 2 et L R A e 4 AN 3% BRI B
N5 AR DGR R TR AL, LAt 5 i g 240 i
A S T A

YT GRPT8 LR N BIAHICINRE, |z 5 ke 14T
FEER BRI, RATLESCHE T GRP78 7R
HBV et ferh 2 BRI JF H A B GRPT8
FIRES HBV (5L 73 WA%sAE iy A AR 5G9
1t , GRP78 A B8 A 7 — AR i HBV I GL (3377
B L (AT e BRI T A SRR SR — I
HBV PreS1 JUHIE 21-47 (i @ BRIk AL, WOl W 1E
I3 HBV 5 200 3 T A 52 AV FH ke 3] G
YEHIM, AP AT 9 25ER] T GRP78 1l L1 Y
HBV PreS1 AHE AR, ARSI #E— A UE GRPT8
5 HBV PreS1 #HEAEHAY X3k, 775 GRP78 5 HBV
KR, WZJGIRAWIIE GRPT8 78 HBV e rh i E
FHAT T RSl

1 #REFE

1.1 A

K FTFH (Escherichia coli,E.coli)DH5a M. E.coli B834
R FARAT  FAK pW28 11 pET-28a (1 IR B & fiE
FRRFSE T £ UG 15 ) O T, #idk pGEX-6P-1 252
65717 ; DL 2000 DNA Marker ,PrimeSTAR Max Premix(2x)
e [ Takara 28 &) ; ORI 257 & T4 DNA Ligase 2 10 x
Buffer 14 1 Promega 23] ;2 x Taq i 2 Buffer 14 1 Novoprotein
23w 5 BRI A V) (BamH 1| Xho 1) J 10 x Buffer 14 A
Thermo Scientific 23 &) ; 25 1 ii Marker D530A ) B db 5t 422X
Gyl KA F LTS —23 F) 5 PCR AX AR w0
SR EIR VA A Eppendorf 23 8] A% f2 8 e 4 A A A
Thermo Scientific 23 7 ; ChampChemi %1% 25 1 A4 5 At
SRR RE TR GST EHTEE F GE healthcare 23 7l ;
JENTSER AN | GREEN 2 TRHEAH],
1.2 7k
12,1 HELH BRI
1.2.1.1 pW28-GRP78 4 it ki i) #4) @ 8 ik NCBI 2 4%
GRP78 (LN 4K, Il i Blast ZE 5 Htb A7 2L W15 B2 00
Br I FHAR A Primer PremierS 1514 (32 1), hdb stk
FHAF AR, PAFEF L DNA SRR , #5147 PCR K44
H R B, SO 26474 295 CHEE 3 min, 95 “CAEME 30 s,
58 CiB K 30 5,72 CHEMH 30 s, LAFFR 30 ¥, 72 CLEH 10
min, 4 CIRAE, I 193N BHEEIE H vk R34 i i) B
B UTTEEAEAL PCR ), LA BamH 1 H1 Xho 1 53513
g DILifb i) PCR =4 5304 pW 28, FIFHBE R T 2K D)
FEPalifh K ek IE i B B S i BeFH T4 DNA Ligase
1516 CRIBET LR 16 h, ¥HEH " W54 E.coli DH5a )i
FefP 754 50 mg/L RABER M LB FEARIEFREE 137 Cild
FHEFE 10 ho BEPLPEIR 20 DHERERE T 1 mL &4 FIFER
(9 LB 35 7R 56 rh 37 CREH 4 h JF AT PCR, R
BEOIERR PR 5 mL A RIFEE R 19 LB AR5
ORISR  SREUTTRL, S8 i BamH 1 Fl Xho | AUEFYI 4T
WL M TURED) 30 e B D 1) AL 326 IR SR 2 WY ¢

F1 5lMF5
Tab.1 Sequences of primers
519 JFA(5°-3")
GRP78-F CGGGATCCATGAAGCTCTCCCTGGTGGC
GRP78-R CCGCTCGAG CTACAACTCATCTTTTTCTGC

1.2.1.2 PreS1 1 3 M B PreS1 3 NHJE A BN E
ZH JFRE (pGST-PreS1-X1,pGST-PreS1-X2 . pGST-PreS1-X3)
Ty PR AT 78 B, v B HOCR AN 1 R .
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MC}}WSSN KIQGMGQNLSVRNPLGFFPDHQLDPAFGANSNNPDWDFNPNKD
TWPEANKVGAGAFGPGFTPPHGGLLGWSPQAQGIMQTVPANPPPASTNRQS
GRQPTPISPPLRNSHPQA

1 PreS1-pl 65 PreS1-p3 119

PreS1
25 PreS1-p2 90

1 PreS1 FEHEEXR
Fig.1 Interaction of PreS1-X1, PreS1-X2 and PreS1-X3

1.2.2 AR 54k

1.2.2.1 GRP78 #EHMFRA Halift

12.2.1.1 TS AN GRPT8 BSR4 LT B834
ERZ A ZEHMTE A FIBER N LB Bk 334 37
CHRHEFE, FHLPRI S A TR TATE T 5 mL &7 RINE
E Y LB B S22 i K, 37 °C 200 r/min R K 3% &
Ao 2970 0.2 B KB5S BASERE IR S0 1L 3 40, 1 202 1
X B AR ER 1 4 1 L IPTG (5 S E AR IK) 1
TR ieJa | AR, FRUCK T RS IR 2
L Ao 29707 0.6 B LRETALINAH 20 CHAT 5 IR T
B30 (17 000 v/min, 2 min), 3% B3, LA TG K I 2.5 x SDS
Loading Buffer £ JIVE , ¥ 7K 15 min, 2.0 (17 000 1/
min, 10 min) , B 35 HEAT 2 1 RLDK , S8 58 B (1 0 3R BTE I
AL FRIR R S5 (RI R R SR 1) R =75 Inigs 5570 Je
BESH PTG (kSR

12212 KEEE B GRPT8 FhBHF M HEFAIA 5 mL
A RIRE RN LB KRR 37 CRIRKET TR S Ago
29709 0.8 B REIEA I PR 5% 4% %8 300 mL %A RAPFE R M
WK LB B3 E Agy 204 0.6 I, LA 60 wl. IPTG
19 CiF55 16 h, 5.0 (4 000 t/min, 4 °C,30 min)WH , IIATE
15 Binding Buffer T B 4T, #8 5 BERE TR AR (4 °C, Bk A st
[ 13 min, BEHE 29% ). MR ES L (12 000 1/min,4 C,30
min), _VEREIE IR B TR FENTHE T 6 s/, 5
H 300 mL 40 mmol/L [1) Washing Buffer & 100 mL 50 mmol/L
) Washing Buffer {51248 11 . /5 JH 30 mL Elution Buffer
VEBARAE R HEA

12213 HEOwkss HHEHOEAQE TEEMNRT, 47 0.2
MPa BYFE H3e4s . 25 5 mmol/L Tris—HCL Wi B 3 1K,
YRR ZE 800 wL MR (1, I i 2 PR BEE . 43¢ ,-80 C
Wi o

1222 PreSl Fr Bl G E MLk 537K PreS1 34>
B BHH A BRI S LR BS34 S22 b, RIEIR M
W RIRM A (37 CREHZE Agom 298 0.7, FFITA 0.2
mmol/L IPTG, 18 “Cif53 18 h) i HIYRIE , Z ISR
B JE R LIS UETT GST B 4lifk (43 31 Regeneration T |
Regeneration Il \PBS WU AE AT, BN AR A B3 e
7 s/ Z 5 200 mL PBS P24 A , 55 25 mL Elution
Buffer Vel HIWER M) . FJa FUREEm H R M I 2

1~2 mL, MR WRE . /34, -80 CIVAE& .

1.2.3  Pull down 5256

1.2.3.1  GST pull down SZHGRT 5 PreS1 R F Bt (GST-
PreS1-X1,GST-PreS1-X2 GST-PreS1-X3)/E K5 H A 1138 2
GST it HHBE&m 45 5 ThE, 7 GRP78 /E Mgk E
SFRIMAEA PreS1 Bl GST HEh 75 4 CHERIEE 12 h,
ZJ5 PBS(WEFREh 92 Wl ) vl ik GST 1, J3BR A4l 3k 1)
GRP78 M, feJi HIAH R PERR W e I 46 & &5 1, Jfad SDS—
PAGE HLUKWIEE 3 #iE 1 5 GRPT8 B AL A .

1.2.32  Ni2* pull down K His #3250 GRP78 4K FA1E Mifs i
T 3 A4 B TR AR, PreS1 I H BEVE Bl R (1 4%
BIIMAREF 76 4 CHRAMBFE 12 h, FH Binding Buffer ¥R
ARG PreS1 88 A BEER 1, 15 A 1 R BE Kk (500
mmol/L) VMR Ve 45 & & 11, Il i SDS-PAGE FEJK W
%5 GRP78 5 3 R & A 15,

1.2.4 MST 5250 78 MST S25s b, 4K GRP78 5 PreSl
TR BoAH AR IR 28 ARIe (NT-647) 2 111 GRP78 ¢
FEL-RS 50 nmol/L ARAE , AEFRIC I PreST #8 B/ 16
A BE AR BE AR e L N [ A 45 A B NE S, AR il e 4 31
MST Fpifi R B 40745 | il 3 Monolith NT.115 Fric RSk &
Z Ja L NanoTemper 45 B 8434 H SO 2R, 1155 1 43
THEHIE,

2 & R

2.1 MR HME pW28-GRP78 T4
H ) F BE GRP78 i PCR AR 15 , 25 1.0% 131
SEEC BT AYA B 4852 76 1 900 bp AMSFHR S 571 5 7
T E AT ARAT (1 2A) 7] o g 8 i ) T 2 JBORE A T X
B I3 (6] 2B) , S AL E 5 18] 24 —B, ZJ5 W) Sk
R 2 R R AT SR A W AT B R A5 R S
GenBank SRR T LEXTW) &, 22 B S 41 kb E oy

bp 1 2 bp 1 2

2 000 «—1 965 bp

1000 2000 1965 bp

750
1000

750
500

500

100

100

A. GRP78 JLHY 15 B. pW28-GRP78 H4H ki

R HL UK R LY I A L Uk ]
1: ¥4 Marker; 1:#8 Marker;2: 5544 Jii k7
2.PCR 74 pW28-GRP78 X))

E 2 GRP78 EE¥ &Kk WEIEE
Fig.2 Agarose electrophoresis of GRP78 amplification and

digestion identification
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22 FARGRWELSL AL

WAL R AL A 155 9 mg/mL A AT [ %
K, HI SDS-PAGE HLUK AT 1, Z8 i 87 88 S AUZATAL
AFRARAT T ABEETE 80% A 1Y GRPT8 B (1€l 3A), [RINT,
FIH GST sEFIAEAAL T GST-PreS1 Y 3 /N H B, 313145 1T
FAREEE 1 (18] 4A~C) , 4314478 30 kD 247, R T BRI H Y
A, LAaliAb F i 8RR A 1R i gl Ak TR R 1 A A
(pW28 Fl pGEX-6p—1) fE A BAYEXT IR (] 3B, 4D), DL I
S H SR 2 5 T 3R TR n] LAl AR AR A L D
GRP78 # Al PreS1 =AMl Hr BERIRL AR M

kb 1 2 3 4 5 6 7
130
4
43
34
26

78 kD

17
10

A. GRP78 E14lifb )5 B. pW28 4fift.J5 SDS-PAGE
SDS - PAGE HLJk &l Ik A
1: 2511 Marker; 2: % W5 3: L3 54 ZRiB
5: PEARI 5 6 : PRI 3 7 BB B HR A VR
3 GRP78 ZA4i{L/5 SDS-PAGE
Fig.3 SDS-PAGE of purification on GRP78 by Ni-NAT

33 kD

A. GST-PreS1-X1 B. GST-PreS1-X2

26 kD

D. GST

C. GST-PreS1-X3

1: %5 11 Marker; 2: BF AT ;3 3 ;

4 ZFBW 5 VEA 6 DRI
4 GST-PreS1 KL ER
Fig.4 SDS-PAGE results of GST-PreS1 after purification
by GST-NAT

2.3 Pull down % %47F 34E GRP78 5 PreS1 # 42 A 454
1 GST pull down S5+, fRIIE GRP78 it &4, W

41715 PreS1 =S85 B (GST-PreS1-X1 ,GST-PreS1-X2
GST-PreS1-X3)BEfE 55 Z 700456, 1 SDS-PAGE FLIK R 1,
FE4y T8 30 kD 2247 O B PreS1 Y 3 ARG (1, M
XL B4 F d 78 kD ZE A7 BN B IR S 2 45 A GRPT8
(] 5A) 5 ME B TR pull down SZEG T [RIRE , #55H] PreS1
1) 3 A4 A By e A R B 0, AR5 GRP78 9 78
3454y 0K 5B, GRPT8 5 PreS1 1Y 3 A BRIA D REE S,
A %7 T His-GRP78 5 GST 454 AR IRSLZHG | ZEGST pull
down S5 FEEE A AITR G (K] 5C-2) 5 PBS BEA4 )
(| 5C=3)#nl Il GST #& 15 His—-GRP78 M, M £ 45 A )5
FIBEER T I R GST #5111, R L His—GRP78EE [ 7B B
FHER pull down SEE AR B A IR G (EISD-2) 5
Binding PEZ% (18] 5D-3) " A] UL His—-GRP78 2 11 5 /b 1 (1)
GST & [, &5 6 Ja (PR B v W) S AT His - GRP78 Z& [,
AU GSTH#EMH ., DL ESIREN] GRPT8 55 PreS1 Y 3 AN
Bt 454, HANS GST M His AR IR

kD

78 kD 60

34 kD
20

B. Ni £ I GRP78 5 PreS1 (1
3 AN R AR EAE A

A. GST # | GRP78 4 PreSl
1y 3 ARG A A EAE A

78 kD

26 kD

C. GST #E I+ His-GRP78 5
GST #E M AH B AR

D. Ni k¥ I His-GRP78 5
GST #H A MAHEAEM

1: % 4 Marker;2:PreS1-X1-GRP78;3:PreS1-X2-GRP78;
4:PreS1-X3-GRP78;5: I ;6: TR ; 7 : VR
& 5 Pulldown I&iF PreS1 K25 GRP78 &4&

Fig.5 Analysis of interaction ( pull down ) between GRP78
and PreS1

2.4 MST %%t —F IiE GRP78 5 PreS1 42 A9 44

HITH O A H pull down SEEGH) 26 53 3IE GRP78 7] A5
PreS1 /9 3 ™ R BEgh &, /R JG Ml b MST 55 56 #F— 5 1iE B
GRP78 5 PreS1 i Btz & (18 6) , IF HARYR 45 & i1t
HH GRP78 Y5 PreS1 W& BEIWAR BT 8L(Ky) o S5 ATAT,
GRP78 5 GST-PreS1-X1 454 ARl
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| K=431.0£20.1 nmol/L

K=1200.0 +£51.3 nmol/L

K=899.0 + 18.8 nmol/L.

]
fRipsiting

C. MST #6:il] GRP78 15 PreS1-X3 fiAHE AT
6 MST &iF GRP78 5 PreS1 & &
Fig.6 GRP78 interaction with PreS1 via MST

3 3 18

HBVEEGE I A 18 EAIML, 15 45 T H4mfh iy 3
R A CR o ANRIEA)  JUHE KR EE
f) pre-S1 X3, B Y 21~47 {3 2 IR K LUK AR Bt
IANA 5 AR SRS A AR OC, B IX B DX A
HBV 456 iy E 2 R 2 AR B4R - 522
A EAE R Z 0+ BRGE AR T (BAE7E— e
W2 IR AL F 2 A 1L-6 214 BRI 4% HE L)
FOH i R 38 fe AT A B NTCP Z AR e T il fg—
Fiok & ZFL RIS 5 HBV S A g 40,

ARFFEUEN] GRP78 1] LIME R A R I 321K , A
SR AN, JF HRBE T G P BIX RG0K
B ARHE S AL, B e 2 AP
(dengue virus serotype 2)Z K& G2 — W fE
HATBER R EE A9 (coxsackievirusA9, CAV-9) L 7 {4k
S FAEAE2 54 GRPT8 23 A2 HBV #F AZH
I 8 i i 32 AR A T T AR W DR ZH i T3 1o
pull down 555 L K 240 Jfd 3 5 37 45 5 5, W 2% %)
GRP78 720 fIE 1 ¥ 2) 730415, I 4% th GRP78 n fiE
it PreS1 45625 HBV RS FRS17, HAR
GRP78 AN T4 P47, AN REAE S HBV JE L 1Y
Fes iR AR T RS S TS R R 5
RGBT, JF iR A5 S8 AML, A SRR .

Al AR AR E 1) GRPT8 A S PreS1
3/ A Byl A 2R 1, R pull down 525, 13k
YK Bl (microscale thermophoresis, MST) i — 21
5% GRP78 &5 PreS1 WY& & X, SCHE5 R L],
GRP78 5 PreS1 Y 3 AU BEARAT A IR 72 HE 19
GG A AN A T VA — W ARy
SPESS G X AT e 5 AR T2 AR AR D Re A G
GRP78 1E Jy— M o3 TR TE 2 F1 B4t & % iz iot
FERARAE I, rT 45 8 1 B A A2 GRP78 Y N il
BN BT AH DG E MR 5 ik, BE 5 S B T MR
R LS A0 GRPTS 1 G i 2 Hh vl LA
o2 e R 2 5 s I IRNE 5 AT S A 1 o
458 B G, (B2 MST 53R AT LI
i GRP78 &5 PreS1-X1 Z5 S5 CREAF . MIX—456
() XU PreST A i A LR MY X 38k (21~
47 IR ) AHAF IR 4, GRPT8 BETE A Al fEAE N
HBV 515 T4 AR BAR PR L 2 1A

MST A A A S 56 %) 32 SRS I = Bt , S 38 4o )
I3 AR SOV IR BE A6 B2 37 vh 1) 1z 2 7228 Ak A 7K Ak
| R % 2 e ANV N S G A B VS8 8 g Vi
AEWRE S AR AR, PT AR T R AR A B 58
B, AHRAE R, SC g T B R
I, ARG 16 25 % FH 22 Rk i 2 1 o AH B4R
(A S 56 T 1, A0 4 S5 TR 2 B A EE R (isothermal
titration calorimetry , ITC) | 3 F 2 I 55 & 1 A& d 4k
(surface plasmon resonance,SPR)ZEH AR | 25 Al
— 2 PreS1 K /MK I PreS1-X1 R AR AR R 14 5
FHRIGUE PreS1 5 GRP78 HHEAE NG, M2 5
E—HF58 GRP78 X HBV #E Af5 =40 J A= i J&]
IR RE AT T SR

& £ X W
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