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pGEX-20T-ORF2.1
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1.2
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1 NE2C pTO-T7-E2 1 13
Table 1 The primers of NE2 C-terminal deletion N 5’ HERP
Peptide Location 3'Primer C 3/ HEFP PCR
210N 394-603 5'-ctegagttaggggectaaaacage-3' PCR 94°C Smin 94°C 508
209N 394-602 5'-ctegagttaggctaaaacageaace-3' )
208N 394-601 5'-clegagttataaaacagcaaccge-3" 55~57C 50s 72°C Imin 25
207N 394-600 5'-ctegagitaaacagcaaccgeg-3' 72°C 10min
203N 394-596 5'-ctegagitaggaaatagagacgggac-3' 1.4.2 ORF2 C 201 2ad59-2a660
193N 394-586 5'-ctegagttaagtggtetaagtggaaatag-3’
pGEX-20T-ORF2.1 1 5'
148C 5 3
2 NE2 .
HERP PCR 94°C Smin 94°C
Table 2 The primers of NE2 site-mutant
50s 56C 50s 72°C 40s 25
Peptide Position Mutant Primer
’ , , 72C 10min
L601G 601 5'-teegeggttgetgttggagecceee-3
L601P 601 5'-tecgeggttgetgttccageeceee-3' 1.4.3 NE2 pTO-T7-
L6011 601 5'-tcegeggttgetgttatageceece-3" E2 5’ 2 3/ HERP
L601A 601 5'-tcegeggttgetgtigeteceeeee-3" PCR 94°C Smin 94°C 50s
L601F 601 5'-tecgeggtigetgttttigeceece-3'
L601C 601 5'-teegeggttgetgtitgegeceeee-3" 56°C 50s 72°C 20s 25
L601M 601 5'-tecgeggttgetgttatggeeeeee-3" 72°C 10min PCR
L601V 601 5'-tecgeggttgetgtigttgeeccee-3" pTO—T7-E2 5
L601T 601 5'-tcegeggttgetgttactgeceeee-3"
HEFP PCR 3’
L601S 601 5'-tecgeggttgetgtttctgeceece-3'
~ o :
L601W 601 5'-teegeggttgetgtitggeccecce-3' PCR 94%C Smin 94°C 50s
L601Y 601 5'-tecgeggitgetgtttatgeeceee-3" 57<C 50s 72°C 1 min 25
L601Q 601 5'-tecgeggttgctgttcaageeceee-3" 720 10min
L601K 601 5'-tecgeggttgetgttaaageeceee-3'
Xhol Ptac
L601N 601 5'-tecgeggttgctgttaatgeceeee-3' —
L601E 601 5'-tecgeggttgctgtigaageeceee-3" £l origin 2 Ndel el N\ BamHI
aclq
L601H 601 5'-teegeggttectgttcaceccecce -3 k 148C FP
' SR (0 L M oror7E2 174 pGEX-20T-ORF2.1
L601D 601 5'-tccgeggttgctgttgacgecceee-3" 6211 bp Omega
L60IR 601 5'-tecgeggttgetgttegteceecee-3" pBR322 ori QERP
S596E 596 5'-ggceeegtetetattgaageggttget-3 Xhol
AS97E 597 5'-cccgtctctatttcegaggtigetgtt-3'
A597C 597 5'-ggtecegtetetatiteetgegtigetgtt-3
V598E 598 5'-gtctctatttccgeggaagetgtttta-3' I plO-T7-E2  pGEX-20T-ORF2.1
A599E 599 5'-tctatticegeggtigaagtittagee-3' Fig.1 Plasmid map of pTO-T7-E2 and pGEX-20T-ORF2.1
V600E 600 5'-tteegeggttgetgaattageceee-3"
) ) 1.4.4 PCR
A602E 602 5'-cgeggtigetgttttagageece-3
P603E 603 5'-cggttgctgtittageegaacctecgege-3’ pMD 18-T E2
P603C 603 5'-geetgeceteegegetage-3' Nde 1 /Xho 1 pTO-T7
’ N E . coli ER2566
. colt
Table 3 The primers of NE2 N-terminal deletion 1
.5
Peptide Location 5'Primer
193C 414-606 5'-catatgacatctgtagagaatgetca-3’ 25C 0.2mmol/L IPTG 6h
178C 429-606 5'-catatgeatgacatcgaccteg-3' SONICS& MATERIALS
168C 439-606 5'-catatggttattcaggattatgac-3’ Uilbra-Cell VCX500
158C 449-606 5'-catatgcaggaccgaccgac-3’ .
148C 459-606 5'-catatgtegegeeettttt-3" 1% Triton X-100 2 A 4mol/
L 200mmol/L. Tris CI pH8.5 Smmol/L. EDTA
1.4 100mmol/L NaCl 1 x PBS pH

1.4.1 NE2N C

SDS-PAGE

7.45
© FERZERMEDHARFATIKSHESL http://journals. im. ac. cn
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1.9 aa597-aa602 AVAVLA
TSK GEL SW3000 21.5mm x
60cm HPLC Beckman System Gold Nouveau NCBI
125NMP/166NMP Blast
NE2  aa394-aa606
BLASTP 2.2.5
12% SDS-PAGE GenBank PDB SwissProt PIR PRF
DYY-III24A
BioRad 225mA
60min 225mA 10s 2
1.6 NE2 2.1 NE2
DNASTAR Protean 2.1.1 NE2 2
Kyte-Doolittle Hopp-Woods  Eisenberg
Kyte-Doolittle 9 Hopp-Woods
7 Eisenberg 11 DNASTAR
1.7 C NE2 C
aal97-211 ORF2 aa589-603
PBS pH 7.45 PBS pH 7.45 / NE2
2mmol/I. CaCl, /2mmol/L GSH /
0. Immol/L GSSG 4°C NE2 C
64h SDS 1% 2.1.2 NE2 C NE2 C
1.8 Western blotting 210N aa394-603 209N aa394-
SDS-PAGE 602 208N aa394-601 207N aa394-600 203N
6 x aa394-596 193N aa394-586 207N 203N
20pL 193N 4mol/L
3
HEV 8C11° 4mol/L 208N
IgG-AP DAKO 3-A SDS-PAGE
"2 40 60 8 100 120 140 160 180 200 . /minoacidresiducsscale

E Hydrophobicity Plot-Kyte-Doolittle

B Hydrophobicity Plot-Hopp-Woods

B Hydrophobic Regions-Hopp-Woods

25—

2 NE2

Fig.2  The hydrophobicity profile of NE2 Fﬂ‘c}ll
\(' F ‘f 3

B3 Hydrophobicity Plot-Eisenberg

zed by DNASTAR software
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209N 210N
8C11 C
3-B 3-C

209N 210N

aa60l L  NE2
aa601
L NE2

Location

394-606
394-603
394-602
394-601
394-600
394-596
394-586

kD M NE2 210N 209N 208N 207N 203N 193N
215 — e — — —

120 —
84 —
60 —

Peptides

™ 7 {3 ¥

A
SDS-PAGE

392 —|

28 —|un

18.3

215 —
120 —

84 — —’v;
60 —
e ;
392 —| mAb 8C11
28 — . - - - -~
|

183 —

215 —
120 —
84 —

60 — C
Convalescent
392 — phase serum

28 —

183 —

3 C NE2 SDS-PAGE

Fig.3 The 12% SDS-PAGE and Western blotting of
C-terminal truncated NE2 proteins
PBS-insoluble proteins aa394-600 aa394-596 aa394-586 were ana-
A SDS-PAGE

lyzed in 4mol/L urea solution.

with monoclonal antibody 8C11

B Western blotting
C  Western blotting with convalescent

serum of an acute hepatitis E patient

2.1.3 NE2 2a601 2a601
L 19
Radzicka A °© SDS-PAGE
4

- 32kJ mol™" G P
IA
FCMVT S
8Cl11
— 34k} mol ™! R
8Cl11
R
R
5
I 7
NE2
F M
M F F
aa601
aa601
2a596-603
2.1.4 NE2 aa596-603
2a596-603 E SDS-PAGE
S596E  P603E
V600E A597E V598E
AS99E L601E A602E 5-
A 8Cl11
S596E  P603E
8Cl11 NE2
V600E
5-B 2a600 NE2
aa597-602 AVAVLA NE2
2ab00V
2.1.5 NE2 NE2 aa597
C A597C
4mol/L PBS
6-A Lane 2
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Replaced residue [Leu” Gly Pro [l Ala Cys Val Thr Ser Met Replaced residue | Phe Trp Tyr GIn Lys Asn Glu His Asp Arg
Hydrophilicity Hydrophilicity
046 O - -1.00 -1.88 -15.17 -16.72 -30.39 -31.14 -16.18 0 -13.17 -34.57 -35.53 -49.20 49.78 -50.45 -52.79 -52.92 -55.76 -97.44]
(kJ * mol™) (kJ + mol™)
- =T — Tetramer e
¢ i - ity — Tetramer
A — Dimer A P ; ! ; _”—— Dimer
SDS-PAGE SDS-PAGE A . 5 A MR YR
— Monomer W A o e - |— Monomer
! 3
— Tetramer |- Tetramer
B — Dimer B ‘— Dimer
mAb 8C11 mAb 8C11 -
|—Monomer . |—Monomer
— Tetramer
C C
Convalescent Convalescent
phase serum phase serum

4 aa601 NE2 SDS-PAGE
Fig.4 The SDS-PAGE and Western blotting of aa601L-mutated NE2 proteins non-reduced 12% SDS-PAGE
A SDS-PAGE B Western blotting with monoclonal antibody 8C11 ~ C Western blotting with convalescent serum of an acute hepatitis E patient.
Wild-type NE2

2506 aa597 aa598 @599 aab00 aab0] aab02 aab03 Mutant Position 6-A Lane 8

%E(;) _ M SS9GE AS97E VS9SE AS99E V60OE LGOIE AGOZE P6O3E NE2|  Peptides 60kD

84 '- L 29kD 2 DTT

%0 " ' : 6-A Lane 9  NE2

A

39.2 SDS-PAGE 23097 . 02D MAIDI-TOF

2 22899.18D SDS-PAGE
18.3 29kD

! 6-B 6-C
%é Lane 2 AS97C 42kD
s 80kD 8C11

0 mAb 8C11 NE2  6-B  6-C Lane 10
P2 60kD

28
18.3
215

120

84 NE2 aa6b01L 4 Lane Cys aab03P

60 C C

| Convalescent|

39.2 | phase serum

28
183 C

5 aa596-aa603 NE2  SDS-PAGE
aa597 C
Fig.5 The SDS-PAGE and Western blotting of aa596-aa603
site-mutated NE2 proteins 12% SDS-PAGE
A SDS-PAGE B Western blotting with monoclonal antibody 8C11 SDS
6 Lane 3

C  Western blotting with convalescent serum of an acute hepatitis E pa-

tient Lane 4 SDS-PAGE
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A
SDS-PAGE
183 —
215 —
120 —
84 — |- -
- —
60 — 1 B
_ ‘ mAb 8C11
39.2 -
28 —| .
18.3
215
120
84
60 [}
| Convalescent
39.2 b phase serum
28
183 —

6 aad97 C NE2  SDS-PAGE

Fig.6  The SDS-PAGE and Western blotting of NE2 mutant
aa597A-mutated to Cysteine residue 12% non-reduced SDS-
PAGE
1 prestained protein molecular weight marker 2 A597C renaturalizing
from 4mol/L. urea 3 monomer of AS97C 4 hydrophobic interaction
dimer 5 dimer formed by disulfide convalent combination  Lane3 4 5
show the three forms of AS97C separated by whole gel eluter. And the
monomer and hydrophobic interaction dimer dialyzed against GSH/GSSG
which were showed on Lane 6 ~9. 6 monomer of A597C 7 hydropho-
bic interaction dimer 8 hydrophobic interaction dimer boiled for 10min
9 hydrophobic interaction dimer boiled for 10min and reduced by
100mmol/L. DTT 10 NE2 dialyzed against GSH/GSSG

A SDS-PAGE B Western blotting with monoclonal antibody 8C11

C  Western blotting with convalescent serum of an acute hepatitis E pa-

tient

NE2 aa597C
Lane 6 aa597C
DTT
Lane 7~9 8C11
NE2
Lane 10
NE2

aa597
aa597-602  AVAVLA

2.1.6 aa597-aa602 AVAVLA
51 HEV ORF2 C
4 AVAVIA 30
58.8% aa597A  aa600V aaS98V
2 A aad%9 G
16 31.4% 1 aa601L F 2
aa602A G T AG
FT HEV ORF2 aa597-
aa602 AVAVLA
HEV
4 AVAVLA
Table 4 The natural mutation of the core region AVAVLA
Sequence Frequency Ratio
AV AV L A 30 58.8%
AV AV A 1 2.0%
ATY AAVV L 1 2.0%
A\w VoL oA 16 31.4%
AV A V L 2.0%
A AV L A 2 3.9%
Total 51 100%
2.2
2.2.1 NE2 N NE2 N

193C  aa414-606  178C  aa429-
606 168C 2aa439-606 158C aa449-606 148C

aa459-606 7-A 193C 178C 168C
158C 148C
168C
168C
SDS-PAGE
N
8C11
NE2 7-B
7-C ORF2
2.2.2 ORF2C N
aa394-aad58
148C C ORF2 aa660
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7 Lane2
8Cl11 NE2
7-B 7-C ORF2 C aa605-aa660 1 NE2
kD 2 % ¢ g § I g tewen aa597-aa602 VAVALA
215 \_|M 201 148C158C 168C 178C 193CNE2| Peptides aaS97A
120 =
84 —!__ aa600V
60 — . 2
392 —|w
28— A
183 — SDS-PAGE
o 3 NE2 N 65
aa394-aad58
1 X[
84 — | s
60 —|
392 —|w =1 ORF C  aa603-aa660
28— B L° COS-1
18.3 mAb 8C11 ORF2  SDS-PAGE
N 110
C  aa585-aa610
215
120 C
84
60 ORF2
39; c Zhang ° ORF2
183 Convalescent 56kD 53kD N aall2 C
' phase serum aa607  aa578 53kD
ORF2 N
7 N NE2 SDS-PAGE
aa458
Fig. 7 The SDS-PAGE and Western blotting of N-terminal c
truncated NE2 proteins  15% SDS-PAGE aa601 SDS-PAGE
A SDS-PAGE B Western blotting with monoclonal antibody 8C11 aa601 C
C  Western blotting with convalescent serum of an acute hepatitis E pa- NE2
tient
148C
NE2 N  aa394-aa458 aa6b01L
ORF2 C aa597-aa602 AVAV-
LA
3
NE2 C aa601
HEV ORF2 aa394-aa606 NE2 601
ORF2 HEV
1 NE2 © *ﬂ#ﬁ%&hﬂ#ﬁﬁfﬁﬂmﬁﬁéﬁﬁ%ﬂ http://journals. im. ac. cn
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N SDS-PAGE
NE2 > 193C > 178C > 168C > 158C
> 148C
168C > 178C > 193C > NE2 >
148C > 158C 8Cl11 NE2
193C 178C 148C 158C
168C
C SDS-
PAGE
N
ORF2 C  aa605-660 NE2 N
A597C
SDS-PAGE
ORF2
HEV
HEV ORF2
HEV
aaS97A  aa600V
aaS97A
aa6b00V
1999 Xing
10
ORF2

97
3
ORF2
VLP
aa601 AVAVLA
VLP
HEV
NE2 aaS97A
11
aab01L  aa603P
aaS97A  NE2
~15.17 k} mol ™'
NE2
aaS97
aad97 AVAVIA
NE2
NE2
HEV
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Interface Domain of Hepatitis E Virus Capsid Protein Homodimer

LI Shao-Wei  HE Zhi-Qiang ~ WANG Ying-Bin ~ CHEN Yi-Xin
LIU Ru-Shi  LIN Jian GU Ying ZHANG Jun XIA Ning-Shao”
The Key Laboratory of Ministry of Education for Cell Biology and Tumor Cell Engineering  Xiamen University ~ Xiamen 361005 China

Abstract Hepatitis E is a main cause of acute viral hepatitis in developing countries where it occurs as sporadic cases and in
epidemics form. The causative agent hepatitis E virus is transmitted primarily by the fecal-oral route. The ~ 7.5kb positive-
sense single-strand RNA genome includes three open reading frames ORFs  one of which ORF2 is postulated to encode the
major viral capsid protein  pORF2 of 660 amino acid residues. We earlier showed that a bacterially expressed peptide desig-
nated as NE2 located from amino acid residues 394 to 606 of ORF2 was found to aggregate into homodimer to at least hexamer.
To understand the interface domains within this peptide vital for dimerization and formation of major neutralizing epitopes NE2
protein underwent terminal-truncated and site-directed mutation. The hydrophobic region ORF2 aa597-aa602 AVAVLA

played a key role in oligomerization. Any amino acid residue of this region replaced with glutamic acid residue the peptide can
not refold as homodimer and/or oligomer. The immunoreactivities of these mutant peptides blotted with anti-HEV neutralizing
monoclonal antibody 8CI1 and convalescent human sera show associated to the formation of homodimer. The intermolecular
contact region on homodimer was investigated by chemical cross-linking of two site-directed cysteines. When the alanine on
aa597 site mutated with cysteine two different homodimers were found in SDS-PAGE analysis. One 42kD can be disassociated
with 8mol/L urea which is postulated to form by virtue of hydrophobic interaction and the other 60kD falls apart with the re-
ductant DTT present. The exact conformation generating the cross-linking reaction of cysteines was further investigated by in-
duced-oxidation on monomer and hydrophobic homodimer of A597C protein with GSH/GSSG. And the results revealed it is the
conformation of hydrophobic homodimer that induces the disulfide bond come into being instead of the one of monomer. So the
aa597 site was verified to be located on interface domain of hydrophobically interacting homodimeric complex. To evaluate the bi-
ological significance of hydrophobicity of interface domain we searched natural variations as to the region on all available data-
bases with NCBI blast program. All variations on these amino acid residues kept higher hydrophobicity which suggests that the
hydrophobic domain is critical for the assemblage and propagation of HEV. NE2 N-terminal deletions up to aa458 had no effect
on dimerization and took no exact part in formation of major neutralizing epitopes but the fragment may act as helper for the for-
mation of major neutralizing epitopes on NE2. Interestingly the C-terminus aa605-a2a660 of ORF2 can also act as helper instead
of the N-terminus of NE2. This study suggests an interface domain of NE2 might be vital for HEV capsomer assembly and forma-

tion of major neutralizing epitopes. These results may offer clues to the rational design of recombinant anti-HEV vaccine.

Key words Hepatitis E Virus ORF2 interface domain homodimer
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