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Abstract

Sudy of assembly associated domain of hepatitis E
virus capsid protein in vitro

Abstract

Interface domains play a very important role in protein-protein interaction, and
build a bridge between protein’s structure and function. A hot theme on functional
proteomics is investigating into interface domains of proteins. Self-assembly of virion
is a paradigm of protein-protein interaction. The unwrapped structures and elucidated
assembly mechanisms of some virus-like particles (VLPs) always leads to insights
into infection and pathogenesis of the corresponding viruses. In this study, bacterial
expressed hepatitis E virus (HEV) capsid proteins, which can self-assembly into
oligomers or VLPs in vitro, were used to study the domains related to subunit
refolding, interacting and VLPS’ assembly.

The peptide NE2 locating to aa394-606 of HEV ORF2 was found to interact with
one another to form dimers on SDS-PAGE, and three dimers could further interact
trimerically to form hexamers which could only be detected by Western blotting (WB)
with monoclonal antibodies. The NE2 hexamers were the predominant form in
detergent-free solution, which was verified by high-performance size exclusion
chromatography (HPSEC) and dynamic light scattering (DLS). The results of
matrix-assisted laser desorption/ionization-time of flight-mass spectrometry
(MALDI-TOF-MS) showed that the molecular weight of NE2 monomer and hexamer
were 22,899.18Da and 139,705.91Da respectively, both similar with the predicted
values. These results indicated that the hexamer be another sable assembly
intermediate besides dimer, which might mimic the capsomers and basic structural
subunits of HEV, respectively.

In order to discover the core domain which contributes to dimerization and if the
formation of main neutralizing epitope is associated with the dimerization of the
peptide, truncated, extended, and site-substitution mutants of NE2 protein were
produced and their dimerization property and the neutralizing epitope activity were
tested. The results showed that C-terminal from aa601 truncated mutants could hardly
refold from urea solution. Site-substitution of the Leu on aa601 of NE2 by any other
amino acids with hydrophilicity value less than -34kJmol™ resulted in the failure of
dimerization and renaturation, while mutants substitution of the same amino acid with
low hydrophilic amino acids can dimerize and have the similar neutralizing epitopes’
activity as NE2 protein. Substitutions of other amino acids around aa601 with Glu
showed that the high hydrophobic region from aa597 to aa602 is the core region
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contributing to dimerization of NE2 protein, and also is necessary for the formation of
neutralizing epitope. It has no effect on the dimerization when a 65 amino acids
fragment of N-terminus of NE2 peptide was truncated. However, the fragment may
act as helper for the formation of neutralizing epitope on NE2, because the truncated
mutant had losed its reactivity with neutralizing monoclonal antibody, but recovered
its reactivity when the C-terminus of this mutant was extended to aa660 of ORF2.
These results suggest that the formation of neutralizing epitope depends on the “right”
dimerization of the peptides.

Program based secondary structure prediction and the circular dichroism (CD)
spectrometry of NE2 and its mutants were performed. The results showed that the
secondary structural features of proteins which can dimerize, hexamerize and form the
neutralizing epitopes as NE2 are similar, but al distinct from the non-reactive and
non-dimerized mutants, and the secondary structural features of mutant which is
well-antigenic and can dimerize but cannot hexamerize. It indicated that the
formations of dimers and hexamers are related to the secondary structural features of
peptides. CDs showed that the random coil structural of hexamer forming peptides
were more prominent than others, which suggested that random coil structure benefit
the formation of hexamer.

The peptide HEV 239, a N-terminal extension mutant of NE2 protein located on
aa368-606 of ORF2, was found earlier to have the property of self assembly into
VLPs. Highly-purified denaturized HEV 239 peptide was renatured with a tangential
flow device under different conditions. The results showed that the concentration of
(NH4)2S04 has obviously effect on the assembly of VLPs. Furthermore, the VLPS’
size could be varied in different temperature. (NH4).SO4 was regarded to effect the
hydrophobic status of protein, but it had no effect on the formation of NE2 polymers.
Therefore, it was deduced that the N-terminal extension fragment of HEV 239 than
NEZ2, which corresponded to the aa368-394 region of ORF2, might act as a regulator
for VLPs assembly, and the self-assembly in vitro of VLPs might be an
entropy-driven reaction. The size and morpha of HEV 239 VLPs were analyzed by
HPSEC, DLS, transmission electron microscopy (TEM) and atomic force microscopy
(AFM). VLPs were visualized as regular spherical particles of ~18nm (13.6-23.0nm)
in diameter. There are some indentations and spikes on VLPs surface, similar to
native HEV virions and insect cell expressed VLPs.

It is well-known that primary structure of protein contains all the information of
protein folding and specific function. The investigation of HEV 239 peptide by
terminal truncation and extension showed that: (1) the peptides, N-terminal of which
located from aa345 to aall2, can not self-assembly in vitro or form dimers; (2) the
peptides, C-terminal of which located upstream to aa601, can self-assembly in vitro,
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but cannot form dimers and lose their reactivity with neutralizing monoclonal
antibody. So the N-terminal amino acids region for peptides which are capable of
self-assembly in vitro might be located on aa345-370, while their C-terminal region
be located on aab01-660. The N-terminal of HEV 239 was predicted to form a
Helix-Loop-Helix domain, which is a conserved protein-protein interaction domain on
many other proteins. This domain might play important role on regulating VLPS’
self-assembly in vitro.

With a method combining chemical cross-linking with MALDI-TOF-MS, three
domains related to subunit refolding, interacting and self-assemly to VLPs were
found:

(1) When the alanine on aa597 was substituted with cysteine, besides the
hydrophobic dimer, a disulfide dimer was also found, which indicated that two
alanines on aa597 of NE2 dimers are very closely on conformation of the dimers, so
that the aa597-602 domain might be the interface domain for hydrophobic
dimerization of HEV capsid proteins. Furthermore, the cross-linked disulfide dimers
shifted faster than hydrophobic dimers on SDS-PAGE, and its neutralizing epitope
was destroyed, which suggested that this interface domain might be flexible and the
flexibility is susceptible of rigid structure caused by disulfide bond.

(2) Site-substitution mutants of the aa372L, aa375L or aa395L on the HLH
domain of HEV 239 with Glu cannot assemby into VLPs. These sites are also high
conserved in wild HEV isolates. These results suggest that the aa368-395 be
regulation domain for self-assembly in vitro of VLPs.

(3 HEV 239 VLPs could be cross-linked by DTSSP cross-linker, which
indicated that the cross-linked domain might be assembly interface domain on VLPs.
The result of tryptical peptide mass fingerprinting (PMF) using MALDI-TOF-MS
showed that the cross-linking amino acid be the Lys on aa423. However, NE2 peptide
which also contains this amino acid cannot be cross-linked with the same condition,
which indicated that the conformation structures around this site be different between
NE2 and HEV 239. This result suggested that the assembly domain might contain a
molecular switch for locally direct binding of intermediates.

Based on all these results, a preliminary profile of the functional domains located
on HEV ORF2 was presented and a possible assembly mechanism in vitro was
proposed, which paved the way for further study of HEV’s cellular receptor and
anti-HEV vaccine.

Key words. Hepatitis E virus, oligomer, Virus-like paticle, self-assembly in vitro,
domain, capsomer
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AR5 8 104N A KRN 86 4t 1 S S kAT 1 Hefuh SRR R R A
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