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F5E (Abstract)
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IRAI T 4 955 7 (Hepatitis E virus, HEV) & —F LA RNA i, =
FAL 5] SRR 4 (Hepatitis E, HE) , 23 B 1638 H 26 10 B 8RR
ol MRHESERER, EE RS E RS RN BT, U TR
At BYEREE . BEAMBY LT ER G RHIEER, & —Fh ™ =
o N S A R (s S AR, SIS T A 2 Wi AU I ORI

BTk = A 20K HEV UM 3-8, X HEV KW S 0Ri 43 . L
WF TR B T A 2 B B A AN R ik R Gi 4T H) . HEV ORF2 aall2-606 %
M1 (p495) T 7E B H4H M Hh 4 A 2H 2 Al S — 1 T 4k Xof R £ 905 5 A S50k
(Virus Like Particle, VLP) , {HA&4h 42 FF| FH KA Rk R ARG 1ZE
1R BLAR B A 0N S R AR IE, A 3k mT s AL R i) A e, AT ) 46 LA K
QRN M BE S B T, W] T RE- A IRAE B . R RN 2 AR
B FORIRE I VPAN At FULE VR RRZE DA o] 1k 5 b 35— A R T 98 e 1
p239 [AIFEA b, R RAZERIE RGTTRE p495 B AMRIE . PRAMASE, Gtk
AU B LA ST, LA BT 58 99 25 (R F FE S A1 (1) T L

B, AR KA ERIE RGN EERE pdos A, JFl TR
BN RIL, Lew* Ay p495 B [ R] ¥4 VE RO 1) G AT A SR TH 88 7 A8 4 )2
BT VR SRAF AU E 2] 90% 1) p495 B, B HRE QPR AN &M, A
T B IR pHLL 8BS 79K BE AR 55, i %€ 20-50mM PB6.5.0.5M NaCl.
37°C R p49s [MBRLAR SN LB LR A6 A, IR R B Pro®™ 2y p49s & 41351
KL 2 —

Hk, &5 B S CHUR I E B8R, pd95s AITERNIERS I —.
#279 15nm A5 1) VLP; Gl BPE BT, pd95 584 HEV Rf 7t B J
YR, 5 p239 MMIPERY; pd9S TE/N R IIEECE ORI & (EDse) M
0.068ug, 0.5ug 7IE A7 T 1N RPUAK TR 10°, 5 E LT p239 #1H Hecolin®
G R .

PR 4N SREG 3R, pa9s Al N IF3E N HEV 5 B4 i HepG2, #1fE
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Abstract

Abstract

Hepatitis E virus (HEV) is a non-enveloped RNA virus and can cause an acute
viral hepatitis with the symptoms of inappetence, nausea and vomit. It also can cause
liver failure and is responsible for unusually high rates of mortality in pregnant
women, patients with chronic liver disease, the aged and infants. HE has been paid
more attention as it is a pathogen which is hazardous to health.

Since there is no efficient cell culture model of HEV, HEV VLP assembly,
infection mechanism and vaccine development are researched through various
heterologous expression systems. Previous study has shown that HEV ORF2
aal12-606 (p495) is able to assemble into virus-like particles in insect cells, but there
is no report about p495 assembly in vitro and expression in E coli. Pseudovirus which
is infectious and invade the cell can be prepared following with the packaging of
nucleic acid in vitro, thus it can be used on research of interaction between virus and
host cell, mechanism for entry cell, virus receptors and evaluation of vaccine efficacy.
We researched the expression of p495 in E coli system, assembly in vitro,
immunogenicity and its pseudovirus based on p239 (which is the first recombinant
HEV vaccine prepared by our research group), and we hope that it can be a new tool
for the research of HEV.

First, we expressed p495 from bacterially expressed soluble precursor, and found
the amino acids, Leu®**, is important to soluble expression of p495. Then p495 protein
with purity of 90% are acquired by purification with anion chromatography. After that,
we established an efficient self-assembly method which showed 20-50mM PB6.5,
0.5M NacCl and 37°Cis the most suitable for formation of p495 VLPs by researching
its assmbly conditions, such as salt ions concentrations, pH and temperature of
assembly buffer and found the amino acids, Pro®**, played an important role in the
process of assembly of p495.

Secondly, Transmission Electron Microscopy (TEM) and Dynamic Light

Scattering (DLS) indicated that p495 is able to self-assemble into VLP (which is
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Abstract

homogeneous and radius of 15nm). The immunoreactivity of p495 is well with HEV
monoclonal antibodies and is same as p239. After immunization, the EDsy of p495 is
0.068ug, also they can elicit higher titers of HEV antibodies (which is the same as
Hecolin®) in mouse at 0.5ug dose.

Thirdly, p495 also have the ability of cellular attachment (we used HepG2 cell
line) , and we prepared HEV pseudovirus through adding exogenous gene (such as
GFP recombinant plasmid) to p495 in the self-assembly process. We confirmed
feasibility of preparation of HEV pseudovirus through dual-wavelength ultraviolet
HPLC analysis and cell infection.

In a conclusion, we firstly generated HEV p495 from bacterially expressed
soluble precursor and found the important amino acids Leu*** and Pro*®* for sucessful
soluble expression and self-assembly in vitro respectively. These VLPs are
homogeneous and have good immunoreactivity and immunogenicity, they also have
the ability of cellular attachment and packaging of DNA in vitro. Therefore, our
findings lay the foundation of research of mechanism for HEV capsid assembly and
cell infection and identification of receptors, and it also significantly provide guidance
for design of HEV vaccine based on E coli. The application of pseudovirus will
advance the development of HEV cell and animal models.

Key words. Hepatitis E virus; E coli expression system; virus like particles;

self-assembly; preparation of pseudovirus.
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Amp: Ampicillin, Z~5 B

AUC: Analytical Ultracentrifugation, 3 BT R

Bp: base pair, BlJE X}

NV: Norwalk Virus, 7 Fi 52575

DLS: Dynamic Light Scattering, 276U

DNA: Deoxyribonucleic Acid, i %8 %A% R

ELISA: Enzyme-linked ImmunoSorbant Assay, #5502 W I
GAM-AP: HRic B P B IR I 1) = 51 BR PR

GAM-HRP: Fric BRI E AL ) 0 B AR

GFP: Green Fluorescent Protein, %o Y6t H

HPLC: High Performance Liquid Chromatography, =20 4 itk
HEV: Hepatitis E virus, 22895 55

HRP: Horseradish Peroxidase, AR i & L4l

Kan: Kanamycin, RI&E &

KDa: kilo Daltons, T-i& /K

Mab: monoclonal antibody, .77 & i1k

ORF: Open Reading Frame, JT /i[5 5EAE

RNA: Ribonucleic Acid, #%¥FEH%IR

mRNA: Messenger RNA, {51# RNA

DEAE FF: DEAE Sepharose™ Fast Flow, [ 85152 #: Z 4/ i
SV: Sedimentation Velocity, /{45 &

TEM: Transmission Electron Microscopy, % 5 Hi 1 & il
VLPs: Virus-Like Particle(s), 24 Bk

pH: hydrogen ion concentration, &5 #1544

IEM : immuno-electron microscopy, #.J% H 54

cryo-EM: cryo-electron microscopy, i H 8%
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1HEV &1

B 9e, SORRIHF, f&—Fi e R AU 27 8 51 iS22 38 DR R ML R 1 Sk
AR, RAEREE (1~3% O, FURRGER LR Eik20%, SEURM 1% $at
KN EILs6%! 2 2], MIgHEE SChHIERIECT %, BRI Hikah+t
FAR MMIA EERHEVARRAP, T REFRE M ABILER, 5l
YN RS S L

1.1 KR HEV M4l

KAR HEV NERIREURL, B4R 27-34nm. 1983 4E, Balayan 251 VORI 4
J£ B4 (immuno-electron microscopy, IEM) MEZEF|LAHKE (E 1) , KA
HEV 74 520 A2 O Rk, 3t — 507 & B HEV R A 2R T=3 11—
THRIURL, B0 H - FR VR 55 BN 1.29 g/em®, VTS RHCH 1838F), 250
KLUk 165SP). HEV EEAFAET /N, RUFAERRIER G 5 A e

[10]

o

B 1A A g S HEV RRE B B0
Fig.1 Native HEV particlesvisualized by |EM
(quoted from Centersfor Disease Control and Prevention(CDC), Atlanta, USA)

1.2 HEV EEARWBERNHR
HEV R AeK 2] 7.2kb B2 4% 1TE X RNA, & —MoofBiiE — 1
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PREEE. B ATk B gt . ISR, rp A0 AR 7 A5 DU AN AS A b X SRS 1 4
BRRUTPL Tam ZF 1991 £ RIE R AR FF) (i 2) o HERALE 3
MNBETZAEHE (ORF) , HHA 37 Ik poly (A) RBELMA 57 b iE s
e

ORF1 AL THKH 57 dm. HAmiSmAkE o Eaa — M EERE. &
5. WRENS 21~ RNA B RNA BEARIOMRAEX, 20T SA 2T i 1
o 5 R A T A R 1419,

Transmembrane sequence

Polycysteine rcgr-nﬂ:,
ORF3
Hypervariable regicon

t Hydrophobic region

ORF1
ORF2 ]
Signal peptide. ‘/L\’ ‘A ')\‘
gnat pep Asn137 Asn310  Asn5é2
D Methyl transferase |:| Domain X
- Domain Y I:l Helicase
- Papain-like cysteine protease - RMA replicase
|:| Proline “hinge’ /l\_ Glycosylation site

B 2 BRI BB R A AR
Fig.2 Genomic organization of HEV

(quoted from encyclopedia in Nature)

i 20 35 0BT 78 2 30 TORF2 J Hedmid i 2R 9 L, Hofr T IR R 4
RNA3” %, 4x11980bp, Fifb660 M2 IEMRAIEH (pORF2) . pORF2NHEV
MFEEMEA, ERRREART. ENmE S — MR E S X, &H R
EE WA BN, K IEEA R T AT LA 2 H DR RNA B2
THKFEN. H4h, ORF2EEH =N HERALAL A, (R P 3L b AB 16 (1 A2
PAE A H AT AT AR

ORF2EQ (e fi e 5, 15 Sk #L, 7242 K/ Jy74kDaffjpORF2
T, AN R AR EREE A (gpORF2) , W K IpORF2i# A A
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Joft I 2 2 A 4 3 T s A B 7 U7 R R S B kAT SR IR I ORF2 5 [R 724
ApORF2HI~88kDalfgpORF2!"®, — il NAEMEIEAL [ pORF25E (15 590 AKX 5%
AT, BRIRE BTN, pORF2I394-4701546-580%% 3 42 AN 4y B X
A2 5K 1 A [ b [X 11 46K 22 BOAN ] B84 THEV 3 B A, I AN X3 57 4142 2
w2, AT R P2 NORF2 4ihd (i E AL A (A R Y EM, £
BHORF2 Zmhd ()28 (A7 /E 4 B b MR 224 Bl R 4 REWHEV 1IE
L RIER AL X AL T ORF2 fiémit 25 (1 f)aad59~606 2 If), Ff H b jE EEA
FHEV 5 g V41 R B 1 X420

S domain M domain P domain

S domain

B3 HEV #: F 11 PORF 27 [ 45 1 12" 28
Fig.3 The structure of genotype-1 pORF2 protein

(A) Ribbon representations of S, M, and P. The structureis covered from blue (N
terminus of thedomain) to red (C terminus of thedomain). (B) Dimer
structure of the capsid protein. One subunit iscolored red, and the other subunit
iscolored according to itsdomain structure (blue, Sdomain; green, M domain;

orange, P domain).
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