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(57) ABSTRACT

A highly immunoreactive viral peptide, pE2, is disclosed
which is derived from the carboxy-terminal end region of
ORF2 region of the hepatitis E virus (HEV) genome. A
unique feature of the novel pE2 peptide is that it possesses
conformational antigenic determinants which are only
exposed when monomers of the peptide associate with one
another through non-covalent interactions to naturally form
homodimers. The novel pE2 peptide is proven to be highly
reactive with sera from patients having current or past
infection with HEV which suggests that the homodimer may
mimic certain structural features of the HEV capsid protein.
Furthermore, the antigenic activity of the pE2 peptide is
strictly conformational in nature and therefore, exhibits
immunochemical reactivity only when the peptide exists in
a dimeric form. Consequently, the antigenic activity is lost
upon dissociation of the dimers, but the activity is restored
when the monomers reassociate to form dimers. Moreover,
diagnostic methods useful in detecting and diagnosing HEV
infection, and the use of a vaccine composition effective in
preventing hepatitis E virus infection in which the novel pE2
peptide is utilized are also disclosed.

15 Claims, 24 Drawing Sheets
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v10 v v v v
ORF2 5147 ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGTTTCTGCCTATGCT

v60 v v v v
ORF2 5197 GCCCGCGCCACCGCCCGGTCAGCCGTCTGGCCGCCGTCGTGGGCGGCGCA

v110 v v v v
ORF2 5247 GCGGCGGTTCCGGCGGTGGTTTCTGGGGTGACCGGGTTGATTCTCAGCLC

v160 v v v v
ORF2 5297 TTCGCAATCCCCTATATTCATCCAACCAACCCCTTCGCCCCCGATGTCAC

v210 v v v v
QRF2 5347 CGCTGCGGCCGGGGCTGGACCTCGTGTTCGCCARACCCGCCCGACCACTLCG

v260 v v v v
ORF2 5397 GCTCCGCTTGGCGTGACCAGGCCCAGCGCCCCGCCGTTGCCTCACGTCGT

v310 v v v v
ORF2 5447 AGACCTACCACAGCTGGGGCCGCGCCGCTAACCGCGGTCGLCTCCGGLCCCA

v360 v v v v
QRF2 5497 TGACACCCCGCCAGTGCCTGATGTTGACTCCCGCGGCGCCATCCTGECGCC

v410 v v v v
QRF2 5547 GGCAGTATAACCTATCAACATCTCCCCTTACTTCTTCCGTGGCCACCGGT

v460 v v v v
ORF2 5597 ACAAACTTGGTTCTATACGCCGCTCCTCTTAGCCCACTTCTACCCCTCCA

v510 v v v v
ORF2 5647 GGACGGCACCAATACTCATATAATGGCCACAGAAGCTTCTAATTATGCCC

v560 v v v v
ORF2 5697 AGTACCGGGTTGCTCGTGCCACAATTCGCTACCGCCCGCTGGTCCCCAAC

v610 v v v v
ORF2 5747 GCTGTTGGTGGCTACGCCATCTCCATCTCGTITCTGGCCACAGACCACCAC

v660 v v v v
ORF2 5797 CACCCCGACGTCCGTTGACATGAATTCAATAACCTCGACGGATGTTCGTA

v710 v v v v
ORF2 5847 TTTTAGTCCAGCCCGGCATAGCCTCCGAGCTTGTTATCCCAAGTGAGCGC

Figure 2A
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v760 v v v v
ORF2 5897 CTACACTACCGTAARCCAAGGTTGGCGCTCTGTTGAGACCTCCGGGGTGGC

v810 v v v v
ORF2 5947 GGAGGAGGAGGCCACCTCTGGTCTTGTTATGCTCTGCATACATGGCTCAC

vB860 v v v v
ORF2 5997 CTGTAAATTCTTATACTAATACACCTTATACCGGTGCCCTCGGGCTGTTG

v910 v v v v
ORF2 6047 GACTTTGCCCTCGAACTTGAGTTCCGCAACCTCACCCCCGGTAATACCAA

v960 v v v v
ORF2 6097 CACGCGGGTCTCCCGTTACTCCAGCACTGCCCGTCACCGCCTTCGTCGCG

v1010 v \Y v v
ORF2 6147 GTGCAGATGGGACTGCCGAGCTTACCACCACGGCTGCTACCCGCTTCATG

v1060 v v v v
ORF2 6197 AAGGACCTCTATTTTACTAGTACTAATGGTGTCGGTGAGATCGGCCGTGG

v1110 v v v v
ORF2 6247 GATAGCGCTTACCCTGTTTAACCTTGCTGACACCCTGCTTGGCGGTCTAC

v1ie60 v v v v
ORF2 6297 CGACAGAATTGATTTCGTCGGCTGGTGGCCAGCTGTTCTACTCTCGTCCC

E2 1 CAGCTGTTCTACTCTCGTCCC

v1210 v v v v
ORF2 6347 GTCGTCTCAGCCAATGGCGAGCCGACTGTTAAGCTTTATACATCTGTAGA

E2 22 GTCGTCTCAGCCAATGGCGAGCCGACTGTTAAGCTTTATACATCTGTAGA

v1260 v v v v
ORF2 6397 GAATGCTCAGCAGGATAAGGGTATTGCAATCCCGCATGACATCGACCTCG

--------------------------------------------------
--------------------------------------------------

E2 72 GAATGCTCAGCAGGATAAGGGTATTGCAATCCCGCATGACATCGACCTICG

v1310 v v v v
ORF2 6447 GGGAGTCTCGTGTAGTTATTCAGGATTATGACAACCAACATGAGCAGGAC

--------------------------------------------------
--------------------------------------------------

E2 122 GGGAGTCTCGTGTAGTTATTCAGGATTATGACAACCAACATGAGCAGGAC

Figure 2B
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v1360 v v v v
ORF2 6497 CGACCGACACCTTCCCCAGCCCCATCGCGCCCTTTTTCTGTCCTCCGAGC

..................................................
--------------------------------------------------

E2 172 CGACCGACACCTTCCCCAGCCCCATCGCGCCCTTTTTCTGTCCTCCGAGC

v1410 v v v v
ORF2 6547 TAATGATGTGCTTTGGCTTTCTCTCACCGCTGCCGAGTATGACCAGTCCA

..................................................
--------------------------------------------------

E2 222 TRAATGATGTGCTTTGGCTTTCTCTCACCGCTGCCGAGTATGACCAGTCCA

v1460 v v v v
ORF?2 6597 CTTACGGCTCTTCGACCGGCCCAGTCTATGTCTCTGACTCTGTGACCTTG

E2 272 CTTACGGCTCTTCGACCGGCCCAGTCTATGTCTCTGACTCTGTGACCTTG

v1510 v v v v
ORF2 6647 GTTAATGTTGCGACCGGCGCGCAGGCCGTTGCCCGGTCACTCGACTGGAC

--------------------------------------------------
--------------------------------------------------

E2 322 GTTAATGTTGCGACCGGCGCGCAGGCCGTTGCCCGGTCACTCGACTGGAC

v1560 v v v v
ORF2 6697 CAAGGTCACACTTGATGGTCGCCCCCTTTCCACCATCCAGCAGTATTCAA

--------------------------------------------------
--------------------------------------------------

E2 372 CAAGGTCACACTTGATGGTCGCCCCCTTTCCACCATCCAGCAGTATTCAA

v1el0 v v v v
ORF?2 6747 AGACCTTCTTTGTCCTGCCGCTCCGCGGTAAGCTCTCCTTTTGGGAGGCA

--------------------------------------------------
--------------------------------------------------

E2 422 AGACCTTCTTTGTCCTGCCGCTCCGCGGTAAGCTCTCCTTTTGGGAGGCA

v1660 v v v v
ORF?2 6797 GGTACTACTAAAGCCGGGTACCCTTATAATTATAACACCACTGCTAGTGA

..................................................
..................................................

E2 472 GGTACTACTAAAGCCGGGTACCCTTATAATTATAACACCACTGCTAGTGA

v1710 v v v v
ORF2 6847 CCAACTGCTCGTTGAGAATGCCGCTGGGCATCGGGTTGCTATTTCCACTT

--------------------------------------------------
--------------------------------------------------

E2 522 CCAACTGCTCGTTGAGAATGCCGCTGGGCATCGGGTTGCTATTTCCACTT

v1760 v v v v
ORF2 6897 ACACCACTAGCCTGGGTGCTGGTCCCGTCTCTATTTCCGCGGTTGCTGTT

--------------------------------------------------
--------------------------------------------------

E2 572 ACACCACTAGCCTGGGTGCTGGTCCCGTCTCTATTTCCGCGGTTGCTGTT

Figure 2C
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6947
622

6997
672

7047
722

7097
772

v1810 v v v v
TTAGCCCCijZTCCGCGCTAGCATTGCTTGAGGATACCATGGACTACCC

------------------------------------------------
-------------------------------------------------

TCCGCGCATTGCTTGAGGATACCATGGACTACCC
Stop code

TTAGCCCCC

v1860 v v v v
TGCCCGCGCCCATACTTTCGATGACTTCTGCCCGGAGTGCCGCCCCCTTG

--------------------------------------------------
-------------------------------------------------

TGCCCGCGCCCATACTTTCGATGACTTCTGCCCGGAGTGCCGCCCCCTTG

v1910 v v v v
GCCTCCAGGGCTGTGCTTTTCAGTCTACTGTCGCTGAGCTTCAGCGCCTT

GCCTCCAGGGCTGTGCTTTTCAGTCTACTGTCGCTGAGCTTCAGCGCCTT
End of ORF2

v1960 v v v v
AAGATGAAGGTGGGTAAAACTCGGGAGTTA‘ TAGTTTATTTGCTTGTGCCC

----------------------------------------
----------------------------------------

AAGATGAAGGTGGGTAAAACTCGGGAGTTATAGTTTATTT

v2010 v v v v

7147CCCTTCTTTCTGTTGCTTATTTCTCTTTTCTGCGTTCCGCGCTCCCTGARAA

7197

AAA

Figure 2D
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v10 v v v v
ORF3 5106 ATGAATAACATGTCTTTTGCTGCGCCCATGGGTTCGCGACCATGCGCCCT

vo0 v v v v
ORF3 5156 CGGCCTATTTTGCTGTTGCTCCTCATGTTTCTGCCTATGCTGCCCGCGCC

v11i0 v v v v
ORF3 5206 ACCGCCCGGTCAGCCGTCTGGCCGCCGTCGTGGGCGGCGCAGCGGCGGTT

v160 v v v v
ORF3 5256 CCGGCGGTGGTTTCTGGGGTGACCGGGTTGATTCTCAGCCCTTCGCAATC

v210 v v v v
ORF3 5306 CCCTATATTCATCCAACCAACCCCTTCGCCCCCGATGTCACCGCTGCGGC

v260 v v v v
ORF3 5356 CGGGGCTGGACCTCGTGTTCGCCAACCCGCCCGACCACTCGGCTCCGCTT

------------------------------------------
------------------------------------------

E3 1 GACCTCGTGTTCGCCAACCCGCCCGACCACTCGGCTCCGCTT

v310 v v v v
ORF3 5406 GGCGTGACCAGGCCCAGCGCCCCGCCGTTGCCTCACGTCGTAGACCTACC

--------------------------------------------------
--------------------------------------------------

E3 51 GGCGTGACCAGGCCCAGCGCCCCGCCGTTGCCTCACGTCGTAGACCTACC

v360 v
ORF3 5456 ACAGCTGGGGCCGCGCCGCTAA

----------------------
----------------------

E3 101 ACAGCTGGGGCCGCGCCGCTAA

Figure 3
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v10 v v v v
pPE2 1 QLFYSRPVVSANGEPTVKLYTSVENAQQDKGIAIPHDIDLGESRVVIQDY

vo60 v v v v
pEZ2 51 DNQHEQDRPTPSPAPSRPFSVLRANDVLWLSLTAAEYDQSTYGSSTGPVY

v1l10 v v v v
pE2 101 VSDSVTLVNVATGAQAVARSLDWTKVTLDGRPLSTIQQYSKTFEFVLPLRG

v160 v v v v
pE2 151 KLSFWEAGTTKAGYPYNYNTTASDQLLVENAAGHRVAISTYTTSLGAGPV

v210
pE2 201 SISAVAVLAPPPR

Figure 4
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v v v
pE3 1 DLVFANPPDHSAPLGVTRPSAPPLPHVVDLPQLGPRE.

Figure 5
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HEV ANTIGENIC PEPTIDE AND METHODS

FIELD OF THE INVENTION

The present invention relates to a highly immunoreactive
viral peptide, pE2, cloned from the genome of a Chinese
strain of hepatitis E virus (HEV) and its utilization in the
development of reliable diagnostic methods for the detection
and diagnosis of HEV, as well as its use in a vaccine
composition for the prevention of HEV in humans.

BACKGROUND OF THE INVENTION

Hepatitis E virus (HEV) was first discovered in 1983 as a
cause of enterically transmitted hepatitis (Balayan et al.,
1983). The full length viral genome was first cloned and
sequenced in 1991, and it was found to be a single-stranded
positive sense unenveloped RNA (Tam et al, 1991).
Although morphologically resembling members of the Cali-
civiridae (Bradley et al., 1988; Huang et al., 1992; Panda et
al,, 1989), it has a distinct genomic organization (Berke et
al., 1997). Based on sequence analysis, the 7.2 kb viral
genome is predicted to contain three open reading frames
(ORF) (F1G.1) (Tam et al., 1991; Aye et al., 1992; Ayeet al.,
1993; Huang et al., 1992; Reyes et al., 1993). Non-structural
viral proteins are encoded as a polyprotein by ORF1 located
at the 5' terminus of the viral genome. ORF2 is located at the
3'end of the genome and encodes a major structural protein.
The 5' end of ORF3 has one base overlapping with the 3' end
of ORF1 and the 3' end has 339 bases overlapping with the
5" end of ORF2. ORF3 is believed to code for another
structural protein whose function is still unknown. Linear
antigenic epitopes have been located in ORF2 and ORF3 by
epitope mapping and study of recombinant peptides (Cour-
saget et al., 1993; Khudyakov et al., 1993; Khudyakov et al.,
1994).

Recent studies have shown that truncated recombinant
peptides derived from both the amino and carboxy-termini
of the major HEV structural protein of the ORF2 region can
self-assemble into virus-like particles (Li et al, 1997).
Although smaller in size, these virus-like particles were
morphologically and antigenically similar to the capsid
protein of the infectious virus (Li et al., 1997; Xing et al.,
1999). Based on these findings, it would appear that the
assembly of the recombinant peptide into the virus-like
particles may have similar requirements as the assembly of
the full length HEV structural protein into the larger capsid
of the infectious virus particles. Notably, these findings
suggest that the ORF2 encoded structural protein alone may
be sufficient to self-assemble into the virus capsid. More-
over, it would appear that the interactions involved in the
formation of the capsid protein per se may occur within a
domain of the full length ORF2 protein from amino acid
residues 112 to 608 (Xing et al, 1999). With a high
isoelectric point of 12.35, the 111 amino acid long sequence
located at the amino terminal domain of the major structural
protein is believed to be involved in packaging of the viral
genome (Briton and Heinz, 1990), however this domain
evidently does not directly participate in the assembly of the
virus capsid per se. The carboxy-terminal domain of the
major structural protein also does not directly participate in
the assembly of the virus capsid, however Li et al. (1997)
have shown that appropriate proteolytic cleavage of this
domain was essential for the assembly of virus-like par-
ticles.

Hepatitis E principally occurs in developing countries in
both epidemic and sporadic forms. Several large outbreaks
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2

of hepatitis E occurred in the 1950°s to 1980°s caused by
sewage-polluted drinking water (Visvanathan, 1957, Wong
et al., 1980; Myint et al., 1985; Belabbes et al., 1985; Hau
et al., 1999). The infection is usually self-limiting, but there
are reports of serious complications when infection occurs
during pregnancy (Tsega et al., 1992; Dilawari et al., 1994;
Hussaini et al., 1997). One important preventive strategy
employed in the combat against viral infection is the moni-
toring and detection of HEV in environmental specimens to
ensure public health safety and environmental protection.
However, traditional methods presently utilized for collect-
ing and concentrating virus particles have several well
known disadvantages that limit the investigation and dis-
covery of a potential source of HEV. Two of the most
common methods presently utilized are adsorption and
centrifugation.

In the adsorption method, viruses are first concentrated
from a test sample by adsorption to microporous filters and
then eluted with large volumes of eluent. However, this
technique also effectively concentrates a variety of other
solutes, such as humic acids and proteins, which may
interfere with the detection of viruses. In particular, many
naturally occurring inorganic and organic solutes inhibit the
nucleic acid polymerases useful in the amplification of target
genomes (e.g. reverse transcriptase and Tag polymerase)
(Tsai et al., 1992; 1993). The likelihood of nucleases and
proteases being present in the test sample may degrade virus
genomes before they can be amplified and therefore, con-
tribute to an ambiguous result. 1n addition, various proteins,
carbohydrates, and other organic compounds may bind
magnesium ions and nucleotides necessary for the proper
function of nucleic acid polymerases, while other solutes
may exhibit toxic effects that could ultimately damage these
polymerases (Demeke and Adams, 1992; Imai et al., 1992;
Kolk et al., 1992).

In the centrifugation method, the test sample is homog-
enized and then centrifuged repeatedly. During the process,
polyethylene glycol (PEG) is added to the supernatant and
then centrifuged again. The final pellet is resuspended in
buffer, however the final concentrate still contains toxic
substances which may interfere with subsequent stages of
the diagnostic method such as cell culturing, reverse tran-
scription and polymerase chain reaction (Beril et al., 1996).
As a consequence, it is necessary that the concentrate
derived from the test sample undergo detoxification by gel
filtration on a sephadex column.

Another important strategy useful in the fight against viral
infection is the utilization of a vaccine for immunization
against HEV to ensure public health safety and protection.
However, it has not hitherto been possible to develop a
vaccine against HEV infection using live attenuated or killed
viral particles because of the difficulty in propagating the
virus in cultured cells. As an alternative solution, it has been
shown that some recombinant HEV peptides, especially
those derived from the structural genes of the viral genome,
are more promising in providing protection against contract-
ing HEV (Tsarev et al., 1994a; Tsarev et al., 1997). Advan-
tages to using recombinant peptides in vaccine formulations,
compared to attenuated viruses, are that peptides can be
more efliciently produce and convenmiently purified. Further-
more, there is no possibility that the resulting vaccine will
contain any live intact virus particles, thereby avoiding a
potential risk of infectivity.

In view of the above comments, there remains a need for
a reliable method of determining and diagnosing HEV
which will not only avoid the disadvantages previously
described, but also provide a more sensitive analytical test
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for detecting HEV in biological and environmental speci-
mens. According to the present invention, there is provided
a diagnostic method employing a highly immunoreactive
recombinant viral peptide, pE2. derived from the carboxy-
terminal end region of ORF2 of the hepatitis E virus (HEV)
genome, which is proven to be highly reactive with sera
from patients having current or past infection with HEV.
Moreover, the pE2 peptide is antigenically related to the
hepatitis E virus since part of its amino acid sequence is
highly conserved among other HEV isolates. As described
and further demonstrated herein, the antigenic properties of
the pE2 peptide makes it an excellent candidate as a vaccine
for the immunization and prevention of HEV infection.
Accordingly, diagnostic methods useful in detecting HEV
infection and a vaccine composition effective in preventing
hepatitis E virus infection in which the novel pE2 peptide is
utilized are provided herein.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a hepatitis
E virus (HEV) peptide. pE2, which is highly immunoreac-
tive with sera from individuals infected with the hepatitis E
virus due to the presence of conformational antigenic deter-
minants that are only exposed following dimerization of pE2
monomers to form homodimers.

Another object of the invention to provide an improved
and more reliable diagnostic method for determining current
and past infection of HEV through the detection of 1gM and
1gG antibodies in a clinical or biological test sample, which
incorporates the pE2 dimer as an immunoreagent due to its
high specificity and sensitivity of binding to HEV antibod-
es.

Still another object of the present invention is to provide
an improved and more reliable diagnostic method for moni-
toring and detecting HEV in public health and environmen-
tal studies using antibodies specifically raised against the
pE2 dimer that can effectively capture, isolate and concen-
trate HEV particles in a test sample, and which avoids
disadvantages associated with the use of other conventional
methods.

Yet another object of the invention is to provide a vaccine
composition which comprises the pE2 dimer, and its use
thereof, for the immunization and prevention of HEV infec-
tion.

As shown in Table 1, although the percentage of nucle-
otide sequence homology may vary from between 77% and
100% among different HEV isolates, these changes are
generally conservative in nature, as signified by the high
percentage of amino acid sequence homology. Conservation
within the HEV genome as revealed among the different
isolates of HEV implies that (1) the pE2 peptide may be an
important functional domain of the structural protein of
HEYV, (2) diagnostic tests incorporating the pE2 peptide are
likely to be advantageous in detecting different isolates of
HEV, and (3) a vaccine prepared from the pE2 peptide is
likely to afford protection against different HEV isolates.

TABLE 1

A Conserved Region of the HEV Major Structural Protein

Sequence Homology (%)

Strain Region Nucleotide Amino Acid Reference

D11092  China 100 100 Aye et al., 1992
D10330  China 92.6 98.6  Aye etal., 1993
D25547  China 94.1 99.5  Yin et al,, 1994
M73218  Burma 92.9 100 Tam et al., 1991
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TABLE 1-continued

A Conserved Region of the HEV Major Structural Protein

Sequence Homology (%)
Strain Region Nucleotide Amino Acid Reference
M74506  Mexican 78.2 94.3 Purdy et al., 1999
MR0581  Pakistani 98.3 100 Tsarev et al., 1992
M94177  China 98.6 99.5 Bietal, 1994
X98292  India 89.7 99 Donati et al., 1997
M74506  Mexican 78.2 94.3 Huang et al., 1992
AF035437 USA 76.7 92.9 Schlauder et al., 1998

According to the present invention there is provided a
highly immunoreactive viral peptide, pE2, which is derived
from the carboxyl terminal end region of ORF2 of the
hepatitis E virus (HEV) genome and comprises an amino
acid sequence identified as SEQ 1D. NO: 2. A special
feature of the pE2 peptide is that it possesses conformational
antigenic determinants which are only exposed as a result of
non-covalent interactions between monomers of the peptide
to naturally form homodimers. Moreover, the cloning and
expression of the highly immunoreactive structural pE2
peptide, as well as its purification and characterization are
described herein.

The HEV peptide, pE2, of the present invention is derived
from the domain of the HEV major structural protein
described previously, which directly participates in the
assembly of the virus capsid. Translated from the carboxyl
domain of the ORF2 nucleotide sequence, the pE2 peptide
was originally predicted to be 267 amino acid residues in
length corresponding to the carboxyl domain of the full
length protein. Based on similar peptide mapping studies
(Khudyakov et al., 1993; Khudyakov et al., 1994), it was
also expected that the peptide would contain linear epitopes
at both its amino and carboxy-termini. However, a frame-
shift mutation in the cloned sequence caused translation to
terminate prematurely at a new termination codon located
upstream from the original ¢cDNA sequence giving rise
instead to a smaller peptide of only 213 amino acid residues
in length (F1G. 2).

Characterization of the pE2 peptide showed a truncation
at its carboxy-terminus which has effectively removed the
carboxyl domain that inhibits self-assembly of the virus-like
particles. Consequently, the pE2 peptides interact with one
another as monomers through dimerization, thereby natu-
rally occurring as homodimers. Furthermore, the pE2 pep-
tide is strongly recognized in its dimeric form by HEV
reactive human sera which suggests that the homodimer may
mimic certain structural features of the HEV capsid protein.
Therefore, it is the conformational antigenic determinants
brought about by the dimerization of the pE2 peptide which
serves to distinguish it from other bacterially expressed
HEV peptides reported by other investigators (Yarbough et
al,, 1991; Purdy et al., 1992; Liet al., 1994; Li et al., 1997).
While the antigenic activity of previously reported HEV
peptides has been attributed primarily to the presence of
linear epitopes contained within their respective primary
structures, the antigenic activity of the pE2 peptide of the
present invention is largely related to the quarternary struc-
ture of the homodimers. Accordingly, the antigenic domain
of the pE2 peptide is distinctly different from previously
identified linear epitodes defined within the amino terminal
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domain of the ORF2 region because no other similar con-
formational antigenic determinants has been previously
described or predicted by peptide mapping.

As demonstrated and described herein, two different types
of antigenic activity are exhibited by the novel pE2 peptide.
The first type of antigenic activity is associated with the
monomeric form of the pE2 peptide which is a similar type
of activity associated with other bacterially expressed HEV
antigenic peptides described to date (Yarbough et al., 1991;
Purdy et al., 1992; Li et al., 1994). This type of antigenic
activity is primarily attributed to linear epitopes located to
the primary structure of the respective peptides, although the
activity may be influenced by secondary and tertiary struc-
tures corresponding to various configurations assumed by
the respective peptides in aqueous solution (Li et al., 1997).
However, the second and more salient antigenic activity
exhibited by the pE2 peptide is associated with the dimeric
form of the peptide and which was discovered to be more
highly immunoreactive than its monomeric form. Experi-
mental studies show that the levels of antibody reactive
against the pE2 dimer present in HEV reactive human sera
was frequently observed at much higher levels than for
antibody reactive against the pE2 monomer. This new type
of antigenic activity, which has hitherto never been
described, is largely attributed to the new conformational
antigenic determinants inherent to the pE2 homodimer.
Moreover, the antigenic activity was abrogated upon disso-
ciation of the dimer and the activity was reconstituted once
the monomers had reassociated to form dimers. This behav-
ior illustrates that the antigenic activity associated with the
conformational antigenic determinants is related to the
dimeric form, or quarternary structure, of the pE2 peptide
brought about by non-covalent interactions between pE2
monomers to form homodimers.

E2 DNA Sequence

According to one aspect of the present invention there is
provided a purified nucleic acid molecule, E2, which
encodes the conformational peptide, pE2, and which com-
prises the cDNA sequence identified as SEQ 1.D. NO: 1, and
any homologous sequence or fragment thereof.

The nucleotide sequence, E2, was originally isolated from
the carboxy-terminal end of the ORF2 region of the hepatitis
E virus (HEV) genome of the Chinese strain D11092 of
HEV (F1G. 2). The original cloned sequence, comprising
811 base pairs in length and spanning positions 6326 to 7136
with a stop codon located at positions 7127 to 7129, had
inadvertently contained a single base pair deletion at posi-
tion 6957, presumably due to a PCR amplification error
(F1G. 2). The resulting frameshift mutation caused transla-
tion of the nucleotide sequence to terminate prematurely at
a new stop codon (positions 6966 to 6968). Subsequent
translation of the nucleic acid sequence led to the generation
and discovery of the novel pE2 peptide and the novel E2
nucleotide sequence (i.e. SEQ 1D NO: 1) encoded therefrom
comprising 642 base pairs. Accordingly, with reference to
F1G. 2, the novel E2 nucleotide sequence spans positions
6326 to 6968 wherein a fragment of the sequence located
downstream of the new stop codon after position 6968 is
removed and a single base pair deletion occurs at position
6957.

1t will be appreciated by those skilled in the art that due
to the degeneracy of the genetic code, more than one codon
may code for any given amino acid residue of the sequence
represented by SEQ 1D NO: 2 (i.e. pE2), thereby resulting
in a wide variety of nucleic acid sequences in addition to
SEQ 1D NO: 1 (i.e. E2) that may be generated and which

20

25

35

40

45

60

65

6

will also encode the pE2 peptide. Accordingly, the invention
contemplates each and every possible variation of nucleotide
sequence that could be made by selecting combinations
based on possible codon choices, including the complemen-
tary nucleic acid sequence for SEQ 1D NO: 1. These
combinations are made in accordance with the standard
triplet genetic code as applied to the nucleic acid sequence
of the pE2 peptide, and all such variations are to be
considered as being specifically disclosed.

Moreover, a variety of pE2 peptide derivatives or anti-
genic equivalents may be made, including for example,
various substitutions, insertions, deletions, or extensions, the
net result of which do not alter the immunochemical reac-
tivity of the pE2 peptide. Therefore, nucleic acid sequences
that code for immunologically active derivatives of the pE2
peptide are also contemplated as being part of the present
invention. Methods for making such derivatives may be
readily accomplished by one of ordinary skill in the art
(Sambrook et al., Molecular Cloning: A Laboratory Manual,
2" Bd.,, Cold Spring Harbor Laboratory Press, Plainview,
N.Y., 1989). In accordance with the present invention, any
nucleic acid sequence which encodes the amino acid
sequence of the pE2 peptide, or antigenic equivalents, can be
used to generate recombinant molecules which express pE2.

pE2 Amino Acid Sequence

According to another aspect of the present invention,
there is provided a conformational HEV peptide antigen,
pE2, comprising an amino acid sequence represented by
SEQ 1D NO: 2 or a homologous sequence, fragment, or
analog thereof.

1t is well established that the information for determining
the three-dimensional structure of a polypeptide is carried
entirely within its amino acid sequence. Moreover, portions
of the sequence comprising amino acids that define specific
conformational epitopes can be widely dispersed with inter-
vening sequences along the length of the molecule. Based on
the predicted tertiary (and quarternary) structure of the
polypeptide, the three-dimensional coordinates of the con-
formational epitopes are eventually brought into their cor-
rect configuration due to the three-dimensional folding of
the polypeptide’s primary structure. Accordingly, it is
expected that the amino acid sequence can be subject to a
certain degree of modification based on the higher level of
structural organization of the polypeptide which will not
alter the conformational structure and immunochemical
reactivity of the epitope substantially. Therefore, segments
of the polypeptide located between groups of residues
defining the various epitopes may not critically alter the
presentation of the epitope following extension, deletion,
insertion, or substitution of residues within these intervening
sequences.

Moreover, depending on the chemical properties of the
amino acid residues contained within a sequence which
defines a particular epitope, substitutions with residues
having similar functional groups may not alter the immu-
nochemical reactivity of the epitope. 1n this regard, it is
expected that as long as the immunochemical reactivity of
the pE2 peptide is preserved so that it remains recognizable
by anti-pE2 antibodies, various amino acid residues in the
amino acid sequence may be deleted, inserted or substituted
by other amino acid residues, to generate derivatives. This is
providing, of course, that the particular change incorporated
provides an advantage in its use, such as in dealing with
strain-to-strain variations among different isolates of HEV
(Table 1). Furthermore, amino acid substitutions which are
contemplated within the scope of the invention are those in



US 7,204,989 Bl

7

which the chemical nature of the substitute residue is similar
to that of the original amino acid. Amino acids are generally
considered to possess similar chemical properties based on
their functional group and therefore, include combinations
such as: Gly/Ala; Asp/Glu; Asn/Gln; Val/lle/Leu; Ser/Thr;
Lys/Arg; and Phe/Tyr. These derivatives of the pE2 peptide
may therefore comprise extensions, substitutions, insertions
and/or deletions of the amino acid sequences defined by
SEQ ID NO: 2, providing their immunochemical reactivity
to HEV antibodies is preserved. Two peptides are said to
have equivalent immunochemical reactivity and within the
scope of this invention when they are capable of being
recognized by the same antibodies raised against the pE2
peptide.

Generating the pE2 Peptide

The pE2 peptide of the present invention can be generated
by methods known in the art that provide the conformational
epitopes of interest, including chemical synthetic methods
and recombinant DNA technology. A preferred method of
preparing the pE2 peptide is through recombinant DNA
expression in a host cell followed by isolation and purifi-
cation of the peptide. In accordance with the present inven-
tion, nucleic acid sequences which encode the pE2 peptide,
fragments of the peptide, fusion proteins or functional
equivalents thereof, may be used in recombinant DNA
molecules that direct the expression of pE2 in appropriate
host cells. In order to express an immunologically active
pE2 peptide, the nucleotide sequence encoding pE2 (i.e.
SEQ ID NO: 1), or its functional equivalent, is inserted into
an appropriate expression vector which contains the neces-
sary elements for the transcription and translation of the
inserted coding sequence. Depending on the host cell
selected, the expression vector will normally contain control
elements of DNA that effect expression of the DNA
sequence and usually include a promoter, ribosome binding
site, translational start and stop sites, and a transcriptional
termination site.

Therefore, according to yet another aspect of the present
invention, there is provided a method for preparing the pE2
peptide of the present invention which comprises isolating
the ¢cDNA sequence from the HEV genome, inserting the
¢DNA sequence into an expression vector such that it is
capable of being expressed in an appropriate host cell,
transforming the host cell with the expression vector, cul-
turing the transformed host cell, and isolating and purifying
the pE2 peptide.

Methods which are well known to those skilled in the art
can be used to construct expression vectors containing the
pE2 coding sequence and appropriate transcriptional or
translational controls. The desired cDNA sequence obtained
as described above may be inserted into an expression vector
using known and standard techniques (Sambrook et al., 1989
and Ausubel et al., 1989). The expression vector is normally
cut using restriction enzymes and the cDNA sequence is
inserted using blunt-end or staggered-end ligation. The cut is
usually made at a restriction site in a convenient position in
the expression vector such that, once inserted, the cDNA
sequences are under the control of the functional elements of
¢DNA that effect its expression. Transformation and cultur-
ing of an host cell and isolation of the peptide as required
may also be carried out using standard techniques.

In bacterial systems, a number of expression vectors may
be selected depending upon the use intended for the peptide
or protein to be expressed. For example, when large quan-
tities of a peptide or protein are needed for the production of
antibodies, vectors which direct high level expression of
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fusion proteins that are readily purified may be desired.
According to a related aspect of the present invention, there
is provided an expression vector containing the nucleic acid
sequence, E2, identified by SEQ ID NO:1 which codes for
the pE2 peptide and which vector is capable of expressing
the nucleic acid sequence, E2. The expression vector is
suitable for expression in a bacterial system, preferably .
coli, and includes, but is not limited to the multifunctional E.
coli cloning and expression vector pGEX (Promega, Madi-
son, Wis.). In this particular vector, the pE2 coding sequence
is ligated, at its 5'-end, into the vector in frame with the
heterologous sequence for the glutathione S-transferase
(GST), at its 3'-end, and the resulting hybrid polynucleotide
sequence expressed as a fusion protein. In general, such
fusion proteins are soluble and can easily be purified from
lysed cells by adsorption to glutathione-agarose beads fol-
lowed by elution in the presence of free glutathione. Proteins
made in such systems are designed to include cleavage sites
so that the cloned peptide of interest can be released from the
GST moiety by adding the appropriate protease, such as
thrombin.

Therefore, according to a preferred embodiment of the
present invention, there is provided a plasmid that expresses
the fusion protein, GE2, comprising the HEV peptide, pE2
identified by SEQ ID NO: 2, which is fused to the glu-
tathione-S-transferas (GST) polypeptide. The E2 nucleic
acid sequence, represented by SEQ ID NO: 1, is inserted into
a pGEX,, expression vector such that the open reading
frame of the E2 nucleotide sequence is in frame with the
GST open reading frame. The plasmid of the invention
comprised the 811 base pair sequence located at positions
6326 to 7136 (FIG. 2) with a stop codon located at positions
7127 to 7129. However, a single base pair deletion at
position 6957, presumably due to a PCR amplification error
had, in turn, resulted in a frameshift mutation that caused
translation of the nucleotide sequence to terminate prema-
turely at a new stop codon (positions 6966 to 6968) resulting
in the generation of the novel pE2 peptide. Accordingly, the
novel E2 sequence spans positions 6326 to 6968 with a
single base pair deletion at position 6957, and the fragment
located downstream of the new stop codon after position
6968 removed (FIG. 2). The cloned E2 sequence, which
encodes for the novel pE2 peptide, has 642 base pairs and is
identified as SEQ ID NO: 1.

GE2 Protein

The isolated fusion protein, GE2, which contains the
entire pE2 peptide fused to a full GST polypeptide is
approximately 92 kD. However, the GE2 fusion protein of
the invention can contain smaller portions of the pE2 peptide
that are immunogenic and therefore can be expected to be
smaller than 92 kD. The fusion protein, GE2, described
herein is engineered to contain a cleavage site located
between the pE2 amino acid sequence and the GST, or
heterologous, protein sequence so that the pE2 peptide may
be cleaved and purified away from the heterologous moiety
when bound to a glutathione sepharose-4B column using
thrombin. Moreover, in addition to purification and charac-
terization purposes, the GE2 polypeptide is also useful for
directing and confirming the expression of the pE2 peptide
in appropriate host cells and developing polyclonal antisera
or monoclonal antibodies specific to epitopes of the pE2
peptide. In turn, polyclonal antisera or monoclonal antibod-
ies generated by immunizing a mammal with an isolated
GE2 polypeptide are beneficial for assaying for the presence
of HEV particles in a biological test sample, as described
herein.
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pE2 as a Diagnostic Reagent

The conformational pE2 peptide provided herein may be
employed as an immunoreagent in diagnostic assays used to
screen biological test samples for the presence of HEV
antibodies and therefore, aid the practitioner or clinician in
the detection and diagnosis of HEV infection. Accordingly,
the present invention provides methods for immunochemi-
cally detecting anti-HEV antibodies in a biological test
sample using the pE2 peptide. Essentially, any immunoassay
format which is designed to utilize the pE2 as a capture
antigen for detecting anti-HEV antibodies may be
employed. Methods for performing immunoassays are well
known in the art and the present invention is not intended to
be limited to any particular immunoassay. Both homoge-
neous and heterogeneous immunoassays may be used.

In general, a biological test sample suspected of contain-
ing HEV antibodies is contacted and incubated with the pE2
peptide for a time and under conditions which allow a
reaction to occur. Preferably, the pE2 peptide is attached to
a suitable solid support. If HEV antibodies are present in the
test sample, they will form an immunological complex
(antigen-antibody complex) with the pE2 peptide and
become attached to the solid support. As an option, the solid
support may be washed with a buffer solution to remove any
unbound components which in certain instances, will help to
improve the sensitivity of the assay. After washing, the
immunological complex is reacted with an indicator reagent
and allowed to incubate for a time and under conditions for
a second complex to form. Immunological complexes are
detected by any of a number of known techniques, depend-
ing on the format of the assay. For example, a conjugate of
an anti-mammalian immunoglobulin complexed with a label
or signal-generating component (e.g. an enzyme) is com-
monly employed as an indicator reagent. The presence of an
immunological complex confirms the presence of antibodies
to HEV in the test sample and is determined by measuring
the signal generated. As with many indicator reagents, the
amount of antibody present is usually proportional to the
signal generated. The presence of the immunological com-
plex in the test sample may be detected visually or mechani-
cally using, for example, an automated scanning and inter-
pretation device.

A suitable solid support will depend upon the type of
immunoassay format that is performed however, it is desired
that the type of support chosen will have reasonable strength
and not interfere with the immunoreactivity of the immu-
nological complex, nor the production of a detectable signal
from the signal-generating component. Examples of solid
supports include the walls of microwells of a reaction tray,
test tubes, sheets, plates, slides, beads (e.g. polystyrene or
glass), nitrocellulose strips, membranes, microparticles such
as latex particles, chips of glass, plastic, and others.

The label or signal-generating component used as a means
to detect the formation of an immunological complex will
allow visual detection of a precipitate or a color change,
visual detection by microscopy, or automated detection by
spectrometry, radiometric measurement, or the like.
Examples of signal-generating components include colloidal
gold, fluorescent compounds, luminescent compounds, a
chromogen, radioactive elements, enzymes (e.g. alkaline
phosphatase, horseradish peroxidase and beta-galactosidase)
and enhancer compounds (e.g. biotin, anti-biotin and avi-
din).

Accordingly, another aspect of the present invention pro-
vides a method for the diagnosis or detection of HEV
antibodies present in a biological test sample comprising the
following steps:
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providing a pE2 peptide comprising the amino acid
sequence defined by SEQ ID NO: 2, or a homologous
sequence, fragment, or analog thereof, characterized in
that the pE2 peptide is preferably immobilized onto a
solid support;

contacting and incubating the pE2 peptide with a biologi-
cal test sample under conditions which allow the for-
mation of an immunological (antigen-antibody) com-
plex between the pE2 peptide and anti-HEV antibodies;

possibly removing unbound components from the result-
ant mixture;

incubating the resultant mixture with an indicator reagent;
and

examining the mixture for the presence of the immuno-
logical complex, whereby the formation of the immu-
nological complex indicates the presence of antibodies
to hepatitis E virus (HEV) in the test sample.

Generating Anti-pE2 Antibodies

It is further demonstrated by the methods and examples
described herein that due to the high immunochemical
reactivity displayed by the pE2 peptide, antibodies specifi-
cally reactive against the pE2 peptide can be generated
through techniques well known in the art. Since the confor-
mational antigenic determinants of the pE2 peptide of the
present invention mimic similar structural features of the
HEV capsid protein, the pE2 peptide is useful for the
production of both polyclonal and monoclonal antibodies.
Moreover, these antibodies, or fragments thereof, directed
against the pE2 peptide are particularly useful in the devel-
opment of diagnostics tests as valuable immunoreagents for
determining HEV infection through isolation and screening
of viral particles and/or antigen. Thus, anti-pE2 antibodies
can be used in a number of clinical diagnostic procedures
including conventional immunoassay formats to detect the
presence of HEV antigen in biological samples and immune
capture formats in which small samples of HEV virus
particles can be isolated and concentrated. (Harlow and
Lane, Antibodies: A laboratory Manual, 1988, Cold Springs
Harbor Laboratory Press).

If polyclonal antibodies against the pE2 peptide of the
present invention are desired, a selected non-human mam-
malian host (e.g., mouse, rat, sheep, rabbit, goat, etc.) is
injected with the peptide, optionally coupled to a carrier, to
promote an immune response and the antibody thus pro-
duced is subsequently recovered and purified. According to
preferred embodiment of the present invention, the mam-
malian host is immunized with the GE2 polypeptide as
described above bearing HEV conformational epitope(s).
The GE2 polypeptide is administered in the form of an
injectable formulation whereby the GE2 polypeptide is
admixed with a physiologically acceptable diluent. Adju-
vants, such as Freund’s complete or incomplete adjuvant,
may be included in the formulation. The formulation is
injected into the host over a suitable period of time, plasma
samples being taken at appropriate intervals to assay for
HEV viral antibody. When an appropriate level of activity is
obtained, the host is bled. Antibody is then recovered and
purified from the blood plasma using standard procedures,
for example, by immunoaflinity chromatography.

Although the polyclonal antibodies of the invention are
preferred, a system containing various monoclonal antibod-
ies functioning as a polyclonal system is also within the
scope of the present invention. Monoclonal antibodies
directed against HEV conformational epitopes can also be
readily produced using the GE2 polypeptide of the present
invention by one skilled in the art. The general methodology
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for producing monoclonal antibodies using immortal anti-
body-producing cell lines, commonly known as hybridomas,
is well known. Hybridomas can be created by the fusion of
cells which produce anti-pE2 antibody and an immortalizing
cell which imparts long-term tissue culture stability to the
hybrid cell. In the formation of the hybrid cell line, the first
fusion partner, the antibody-producing cell, can be a spleen
cell of a non-human mammalian host, such as a mouse or rat,
is innoculated with the GE2 polypeptide. After sufficient
time has elapsed for the host to mount an antibody response,
the antibody-producing cells are removed. Cells of an
immortalizing cell line, such as a mouse or rat myeloma cell
line, are fused with the antibody-producing cells and the
resulting fusions screened to identify a cell line, such as a
hybridoma, that secretes the desired monoclonal antibody.
The fusion of an antibody-producing cell with an immortal
cell can be accomplished by standard procedures (Kohler
and Milstein, (1975) Nature (London) 256, 495-497; Ken-
net, R., (1980) in Monoclonal Antibodies (Kennet et al., Eds.
pp- 365-367, Plenum Press, NY). The fused cell line may be
cultured and the monoclonal antibody screened and purified
for the production of anti-pE2 antibody from the culture
media in a similar manner to recovering polyclonal antibody.

Therefore, according to a further aspect of the present
invention, there is provided a method for producing a
purified antibody against HEV antigen, wherein an effective
amount of a conformational HEV peptide, pE2, having an
amino acid sequence represented by SEQ ID NO: 2 or a
homologous sequence, fragment, or analog thereof, is
injected into a non-human mammalian host, and collecting
the antibody produced. In a preferred embodiment of the
present invention, the recombinant fusion protein, GE2,
which contains the amino acid sequence represented by SEQ
ID NO: 2 is injected into the non-human mammalian host to
generate the desired antibody.

Utilization of Anti-pE2 Antibody as a Capture Reagent

Monoclonal or polyclonal antibodies that have been
raised or developed using the pE2 peptide of the present
invention can be used in an immunoassay as a capture
reagent to detect the presence of HEV capsid protein, or viral
particle, in a biological test sample. Essentially, any immu-
noassay format which is designed to utilize the anti-pE2
antibody as a capture reagent may be employed. Methods for
performing immunoassays are well known in the art and the
present invention is not intended to be limited to any
particular immunoassay.

In general, since the conformational antigenic determi-
nants of the pE2 peptide of the present invention mimic
similar structural features of the HEV capsid protein, anti-
pE2 antibodies may be employed in immune capture meth-
ods to isolate and concentrate HEV viral particles which can
subsequently be detected by extracting viral RNA and
applying reverse transcriptase polymerase chain reaction
(RT-PCR). According to a preferred embodiment of the
invention, an immune capture method is provided for the
purpose of isolating and concentrating HEV viral particles
whereby polystyrene paddles, or other suitable solid absor-
bent materials, are coated with antisera raised against the
pE2 peptide. This method is highly effective in detecting
small amounts of the virus in a test sample which is
determined by extraction of viral RNA and applying RT-
PCR thereon, preferably a nested polymerase chain reaction.

Asuitable solid support or absorbent material will depend
upon the type of immunoassay format that is performed
however, it is desired that the type of support chosen will
have reasonable strength and not interfere with the immu-
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noreactivity of the immunoclogical complex. Examples of
solid supports include the walls of microwells of a reaction
tray, test tubes, sheets, plates, slides, beads (e.g. polystyrene
or glass), nitrocellulose strips, membranes, microparticles
such as latex particles, chips of glass, plastic, and others.
Accordingly, another aspect of the present invention pro-
vides a method for the detection of HEV viral particles (i.e.
analyte) in a biological test sample, comprising the follow-
ing steps:
providing a purified antibody raised against an pE2 pep-
tide having an amino acid sequence defined by SEQ ID
NO: 2, or a homologous sequence, fragment, or analog
thereof, characterized in that the anti-pE2 antibody is
preferably immobilized onto a solid support;
contacting and incubating the anti-pE2 antibody with a
biological test sample under conditions which allow the
formation of a complex between the anti-pE2 antibody
and any HEV analyte which may be present in the test
sample;
possibly removing unbound components from the result-
ant mixture; and
examining the mixture for the presence of HEV analyte.

Diagnostic Test Kits

The novel HEV peptide, pE2, or the anti-pE2 antibody,
described herein will typically be packaged in the form of a
diagnostic kit for use in the detection and diagnosis of HEV
infection. The kit will normally contain, in a separate
container, the pE2 peptide or the anti-pE2 antibody as the
immunoreagent. Moreover, depending on the immu-
noreagent employed and the type of HEV analyte to be
detected, the kit may additionally contain positive and
negative control samples, an indicator reagent, such as a
labeled anti-human antibody and a signal generating reagent
(e.g. enzyme substrate in the case of an enzyme label) if the
label does not generate a signal directly. As described herein,
the term “separate container” refers to any material capable
of holding within fixed limits the pE2 peptide or the anti-pE2
antibody of the present invention, as well as other compo-
nents provided in the diagnostic test kit. Instructions for
carrying out the assay will normally be included in the kit.
Such instructions generally describe the immunoreagent
concentration or at least one assay method parameter such as
the relative amounts of immunoreagent and sample to be
admixed, time periods for immunoreagent/sample admix-
tures, temperature, buffer conditions and the like.

If desired, the pE2 peptide or anti-pE2 antibody of the
present invention can be typically immobilized to a solid
support material by passive adsorption or through covalent
linkage in which there are many techniques available that
are well known to those skilled in the art. Solid supports
advantageous for immobilizing the pE2 peptide or anti-pE2
antibody of the present invention are also well known to
those skilled in the art. A suitable support will depend upon
the type of immunoassay format that is performed however,
it is desired that the type of support chosen will have
reasonable strength and not interfere with the immunoreac-
tivity of the immunological complex, nor the production of
a detectable signal from the signal-generating component.
Examples of solid supports include the walls of microwells
of a reaction tray, test tubes, sheets, plates, slides, beads (e.g.
polystyrene or glass), nitrocellulose strips, membranes,
microparticles such as latex particles, chips of glass, plastic,
and others.

The indicator reagent should comprise a label or signal-
generating component capable of indicating the formation of
an immunological complex by the immunoreagent of the
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present invention and the captured HEV analyte. The indi-
cator reagent of the diagnostic test kit can be provided in
solution, as a liquid dispersion or as a substantially dry
power, e.g. in a lyophilized form. Where the indicator
reagent utilizes an enzyme as the signal-generating compo-
nent, the enzyme’s substrate can also be provided in a
separate container of the diagnostic test kit. Moreover, the
label or signal-generating component used as a means to
detect the formation of an immunological complex through
antigen-antibody binding will allow visual detection of a
precipitate or a color change, visual detection by micros-
copy, or automated detection by spectrometry, radiometric
measurement, or the like. Examples of signal-generating
components include colloidal gold, fluorescent compounds
(e.g. fluorescein and thodamine), luminescent compounds, a
chromogen, radioactive elements, enzymes (e.g. alkaline
phosphatase, horseradish peroxidase and beta-galactosidase)
and enhancer compounds (e.g. biotin, anti-biotin and avi-
din).

As an example of a kit for detecting HEV antibody, a
predetermined amount of pE2 of the present invention can
be immobilized to a microwell of a reaction tray so that it is
capable of immunologically binding to incoming HEV anti-
body. The indicator reagent can be a labeled mammalian
anti-human antibody which will recognized and bind to any
HEV antibody that may be present in the test sample. The
labeled mammalian anti-human antibody can utilize an
enzyme as the signal-generating component, and the
enzyme’s substrate additionally provided if the enzyme does
not generate a signal directly.

Vaccine

Presently, it has not yet been possible to produce attenu-
ated HEV vaccines because the virus cannot be successfully
propagated in culture. Candidate vaccines being currently
developed are recombinant peptides of the major structural
protein expressed eukaryotes (Tsarev et al., 1993a; Tsarev et
al., 1994a). Advantages to using recombinant peptides in
vaccine formulations compared to attenuated viruses are that
peptides can be more efficiently produced and conveniently
purified. Furthermore, there is no possibility that the result-
ing vaccine will contain any live intact virus particles,
thereby avoiding a risk of infectivity.

The pE2 peptide was found to be more immunogenic in
its dimeric form than in its monomeric form. In an experi-
mental study in which antiserum was raised against the pE2
peptide, levels of antibody reactive against the dimer were
substantially higher than for those reactive against the
monomeric form. Moreover, unlike HEV reactive human
sera which exhibited a broad spectrum of HEV antibody
specificity, the pE2 antisera had a restricted spectrum of
HEV antibody specificity. Notably, however, the pE2 anti-
sera was capable of recognizing and binding HEV particles
as evidenced by their ability to effect efficient immune
capture of the virus. The antigenic relationship thus estab-
lished between the dimeric form of the pE2 peptide and the
virus is that the pE2 dimer mimics certain structural features
of the virus capsid which makes it morphologically and
antigenically related to the HEV capsid protein. Accord-
ingly, it is highly probable that the hepatitis E virus capsid
and the pE2 peptide share certain common antigenic deter-
minants, more particularly the new conformational antigenic
determinants associated with the dimeric form of the pE2
peptide. This contention is consistent with the finding that
the dimeric form of the peptide was recognized strongly and
commonly by HEV reactive human sera.
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In view of the fact that the pE2 homodimer appears to be
structurally and antigenically related to the HEV capsid
protein, this makes the bacterially expressed peptide appeal-
ing as a potential candidate for a vaccine against HEV
infection. Moreover, conservation within the HEV genome
of different HEV isolates (Table 1) further suggests that
while the pE2 peptide is derived from a Chinese isolate, it
is also likely to afford protection against other HEV isolates,
including the most genetically divergent strains recently
isolated from Mexico and the U.S.

Therefore, according to yet another aspect of the present
invention, there is provided a vaccine composition compris-
ing the pE2 peptide, identified by SEQ ID NO: 2, or a
homologous sequence, fragment, or analog thereof, and a
pharmaceutically acceptable carrier, which protects mam-
mals against challenge with hepatitis E virus following
immunization.

Moreover, a use of the vaccine for immunizing a indi-
vidual against infection against hepatitis E virus, wherein
the vaccine comprises an immunologically effective amount
of the pE2 peptide, in combination with a pharmacologically
acceptable carrier, is also provided. Pharmacologically
acceptable carriers are well known to those of ordinary skill
in the art (Arnon, R. (Ed.) Synthetic Vaccines 1:83-92, CRC
Press, Inc., Boca Raton, Fla., 1987). They include liquid
media suitable for use as vehicles to introduce the peptide
into a patient but should not in themselves induce the
production of antibodies harmful to the individual receiving
the composition. An example of such liquid media is saline
solution. Moreover, the vaccine formulation may also con-
tain an adjuvant for stimulating the immune response and
thereby enhancing the effect of the vaccine.

An “immunologically effective amount” means that the
administration of that amount to a subject, either in a single
dose or as part of a series, is effective for treatment, as
defined above. This amount varies depending upon the
health and physical condition of the subject to be treated, the
species of the subject to be treated (e.g. non-human mam-
mal, primate, etc.), the capacity of the subject’s immune
system to synthesize antibodies, the degree of protection
desired, the formulation of the vaccine, the strain of infect-
ing HEV, and other relevant factors. It is expected that the
amount will fall in a relatively broad range that can be
determined through routine trials.

Vaccines of the present invention may be administered by
any convenient method for the administration of vaccines
including oral and parenteral (e.g. intravenous, subcutane-
ous or intramuscular) injection. The treatment may consist
of a single dose of vaccine or a plurality of doses over a
period of time.

These and other advantages and features of novelty which
characterize the invention are pointed out with particularity
in the claims annexed hereto and forming a part hereof. For
a better understanding of the invention, its advantages, and
objects obtained by its use, reference may be made to the
accompanying drawings and descriptive matter, in which
there is illustrated and described preferred embodiments of
the invention.

Although any methods and materials similar or equivalent
to those described herein can be used in the practice or
testing of the present invention, the preferred methods,
devices, and materials are now described.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following description, the invention will be
explained in detail with the aid of the accompanying figures
which illustrate preferred embodiments of the present inven-
tion and in which:

FIG. 1 illustrates the genomic organization of the open
reading frames ORF1, ORF2 and ORF3 within the HEV
genome and the approximate location of the coding region
for the pE2 and pE3 peptides;

FIGS. 2A to 2D provide the nucleotide sequence for the
ORF2 (SEQ ID NO:4) of Chinese HEV strain (DDBI
Accession No. D11092) and the E2 fragment (SEQ ID
NO:1, which sequence is shown continuing with nt1823-
1990 of SEQ ID NO:4) derived therefrom; the single base
pair deletion is indicated by a box;

FIG. 3 provides the nucleotide sequence for the ORF3
(SEQ ID NO:5) of Chinese HEV strain (DDBJ Accession
No. D11092) and the E3 fragment (SEQ 1D NO:6) derived
therefrom;

FIG. 4 provides the amino acid sequence of the pE2
peptide (SEQ ID NQO:2) encoded by E2;

FIG. 5 provides the amino acid sequence of the pE3
protein (SEQ ID NO:7) encoded by E3;

FIG. 6 shows the characterization of recombinant plas-
mids carrying the HEV genomic sequences. A 821 bp insert
containing a 810 bp sequence of ORF2 (Lane 2) and a 124
bp insert containing a 114 bp sequence of ORF3 (Lane 3) of
the HEV genome were obtained by digestion of recombinant
pGEX,, plasmids with BamHI and EcoRI. The molecular
weight of these products were compared with markers (Lane
1);

FIG. 7 shows the characterization of purified HEV recom-
binant peptides expressed from ORF2. Purified pE2 fusion
protein, GE2 (Lanes 1 and 2), pE2 peptide (Lanes 3 and 4)
and glutathione S-transferase (GST) fusion protein (Lane 5)
were subjected to analysis by (A) SDS PAGE and (B)
Western blotting using a GST-specific antiserum and (C) a
pooled human HEV reactive human serum. In addition,
samples of the GE2 and pE2 peptides were heated at 100° C.
for 3 minutes for subsequent analysis (Lanes 2 and 4) by
SDS PAGE (A) and Western blotting (B and C). The
molecular weight of these products were compared with
markers (Lane 6);

FIG. 8 shows the characterization of the GST fusion
peptide, GE3, expressed from ORF3 of the HEV genome.
The GE3 peptide (Lane 1), which was heated at 100° C. for
3 minutes (Lane 2), and GST (Lane 3) were subjected to
analysis by (A) PAGE and (B) Western blotting using a GST
specific antiserum and (C) a pooled human serum. The
molecular weight of these products were compared with
markers (Lane 4);

FIG. 9 shows that the antigenic activity of the pE2 dimer
is about 80 times stronger than the antigenic activity of the
pE2 monomer. Graded amounts from between 1.3 and 1,360
nanograms of equivalent samples of heated and unheated
purified pE2, as described below for FIG. 10, were subjected
10 Western blotting using a pooled HEV reactive human
serum at 1:200 dilution. The minimum amount of the pE2
monomer detected by the pooled serum was 1,360 ng, which
is about 16 times higher than the minimum amount of the
pE2 dimer detected at 86 ng, under the same conditions. The
reactivity against the dimer at limiting concentration was
estimated to be ar least 5 times more intense than the
reaction observed against the limiting concentration of the
monomer. Therefore, taken together, the antigenic activity of

10

15

20

25

30

35

40

45

50

55

60

65

16

the pE2 dimer was estimated to be about 80 times stronger
than that of the pE2 monomer;

FIG. 10 shows the different antigenicity of the recombi-
nant pE2 peptide in its dimeric and monomeric forms. An
equivalent sample containing 1,300 nanograms of purified
pE2 was heated for 3 minutes at 100° C. to dissociate the
dimeric form of the peptide into its monomeric form. The
heated sample was mixed in equal proportions with a sample
of purified pE2, which had not been heated. The 23 kDa
monometic, and the 42 kDa dimeric, forms of the peptide
were separated by SDS PAGE and transblotted onto mem-
brane. The membrane was cut into strips for Western blot
analysis. Tested at a serum dilution of 1:50, 8 sera were
reactive against both the pE2 monomer and pE2 dimer,
whereas the other 10 sera were only reactive against the pE2
dimer;

FIG. 11 shows the treatment of purified pE2 peptide with
8 M urea for 1 hour at 4° C. (Lane 1), 20° C. (Lane 2), 37°
C. (Lane 3) and 45° C. (Lane 4). An equivalent sample of
purified pE2 that was treated with 8 M urea at 45° C. for 1
hour was also dialyzed against 1xPBS overnight (Lane 5).
The five samples were subjected to (A) PAGE and (B)
Western blotting using a pooled HEV reactive human serum;

FIG. 12 compares the levels of IgG antibody present in
three types of human sera which reacted with purified pE2
or GE3, as determined by ELISA. The level of IgG antibody
contained in these sera was determined by titration using
microplates that had been coated with a predetermined
optimum concentration of a preparation of purified pE2 or
GE3. The peptide preparations were analysed by SDS PAGE
(left lane) and tested by Western blotting at 1:100 serum
dilution. The human sera was either strongly reactive (solid
circle), weakly reactive (hatched circle), or not reactive
(open circle) against the corresponding recombinant pep-
tides. The antibody level was defined as the reciprocal of the
serum dilution, which gave an OD value that exceeded the
cutoff OD value of 0.37;

FIG. 13 shows the distribution levels of IgG antibody
contained in sera obtained from 96 patients having non-A, B
and C hepatitis as determined by ELISA which are strongly
reactive (solid bar), weakly reactive (hatched bar) and not
reactive (open bar) against purified pE2 or GE3. Each serum
specimen was tested at 1:100 serum dilution by Western
blotting and analysed by ELISA using microplates coated
with purified pE2. The levels of the antibody were evidenced
by OD values and the reactivity of the serum against the
peptide was assessed according to the intensity of the
reaction;

FIG. 14 illustrates the time distribution of HEV antibodies
following the onset of the disease. pE2 specific (A) [gG and
(B) IgM and pE3 specific (C) IgG and (D) IgM antibodies
in sera from 96 hepatitis patients having non-A, B and C
hepatitis were determined by ELISA produced with the
respective HEV peptides. The results were compared with
the lengths of time after disease onset when these sera were
taken. Cut-off OD values (dotted line) were 0.52 for pE2
1gG, 0.57 for pE2 IgM, 1.05 for GE3 IgG and 0.74 for GE3
IgM;

FIG. 15 illustrates the determination of antibodies by
three ELISAs of distinct HEV specificity. HEV specific
antibodies in sera from 74 hepatitis patients out of 96 non-A,
B, and C hepatitis patients, were further tested by a com-
mercially available assay (GeneLabs Diagnostics Pte Ltd.,
Singapore). The results were compared with those obtained
by assay specific for GE3 (A, B and C) or specific for pE2
(D, E and F). Previously performed Western blotting showed
that 32 of these sera were reactive against pE2 and GE3 (A
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and D), 14 were reactive against pE2 alone (B and E) and 40
were unreactive with either of these peptides (C and F).
Cut-off OD values (dotted lines) were 0.6 for the commer-
cial assay, 0.52 for pE2 specific 1gG and 1.05 for GE3
specific 1gG;

FIG. 16 shows specific immune capture of HEV by
polystyrene paddles coated with antiserum raised against
purified pE2. The antiserum, taken from the animal M1
described in F1G. 19, was diluted 1:100 and used to coat the
polystyrene paddles. The paddles were separately immersed
overnight in solutions containing HEV (Lane 2), HAV (Lane
3), calicivirus (Lanes 4 and 5), or enterovirus (Lane 6). The
paddles were removed from the solution, exhaustively
washed in 4 changes of buffer solution. The RNA bound to
the paddles was extracted, reverse transcribed and the cDNA
was subjected to PCR amplification using primers for the
corresponding viruses. The molecular weight of these prod-
ucts was compared with markers (Lane 1);

FI1G. 17 illustrates the immune capture of HEV using
polystyrene paddles coated with either (A) an pE2-specific
antiserum or (B) a pre-immune serum, taken from animal
M1 described in FIG. 18, and reacted with 4.5 ml samples
of a serially-diluted bile containing HEV. After washing,
HEV particles bound to the paddles were detected by
RT-PCR. The molecular weight of these products were
compared with markers (left lane);

FIG. 18 shows the production of pE2 antibody by
Macaque monkeys in response to immunization with puri-
fied pE2. Three monkeys (M1, M2 and M3) were each
immunized with 4 weekly injections of 100 ug of purified
pE2. Three control monkeys (M5, M7 and M8) were given
placebo. Two weeks after the completion of immunization,
both groups of animals were infected by intravenous injec-
tion of 10° genome equivalent dose of HEV and the animals
were further observed for 7 weeks. Serum samples were
taken weekly and analysed for the presence of anti-pE2
antibody using an ELISA test;

F1G. 19 illustrates the spectrum of HEV antibodies
present in sera taken from Macaque monkeys following
immunization with preparations of purified pE2 peptide, and
before HEV challenge. Three adult monkeys (M1, M2 and
M3) were injected four times at weekly intervals with a
preparation containing 100 ug of purified pE2. The sera
obtained 2 weeks after the final injection was serially diluted
in 4 fold increments and tested by Western blotting against
equal mixtures of the monomeric (heated for 3 minutes at
100° C.) and dimeric (untreated) forms of purified pE2. The
immune serum from M1 was tested at 4-fold serial dilutions
of 1:4,000 to 1:256,000 (Lanes 1 to 4); the sample from M2
was tested at the dilutions of 1:100 to 1:6,400; and the
sample from M3 was tested at 1:250 to 1:16,000. Pre-
immunized sera was tested at 1:100 as a negative control
(lane 5) (A). Both the preimmune and the immune sera from
these animals and a positive control serum, P, were further
tested at 1:100 dilution by Western blotting against GE3 (B),
the 30 kDa GST fusion protein containing the pE3 peptide,
and by ELISA (C) using a commercial assay (Beijing
Medical University, Beijing). The cutoff OD value of the
ELISA recommended by the manufacturer is indicated by
the dotted line;

FI1G. 20 illustrates the genomic dose of challenging hepa-
titis E virus. Animals were inoculated with 1 ml of a 1:100
dilution of a stock HEV. A genomic dose of the inoculating
virus was determined by RT-PCR in serially diluted aliquots
of the virus preparation as described herein under the
subsection entitled “Materials and Methods™;
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F1G. 21 illustrates the antibody response to the HEV
challenge. Plasma samples were obtained from immunized
(M1, M2, M3) and non-immunized control animals (M5,
M7, M8) immediately before and at the indicated times
following the HEV challenge. The serum samples as well as
positive, P, and negative, N, control human serum samples
were tested by Western blotting against purified pE2 and
GE3, and by ELISA using a commercial assay (Genelabs
Diagnostics Pte Ltd., Singapore);

DETAILED DESCRIPTION OF THE
INVENTION

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Generally, the nomenclature used herein
and the laboratory procedures in cell culture, molecular
genetics, and nucleic acid chemistry described below are
those well known and commonly employed in the art.
Standard techniques are used for recombinant nucleic acid
methods, cell culture and transformation. Generally, enzy-
matic reactions and purification steps are performed accord-
ing to the manufacturer’s specifications. The techniques and
procedures are generally performed according to conven-
tional methods in the art and various general references
(Sambrook et al., Molecular Cloning: A Laboratory Manual,
2" Ed., Cold Spring Harbor Laboratory Press, Plainview,
N.Y., 1989). As employed throughout the disclosure, the
following terms, unless otherwise indicated, shall be under-
stood to have the following meanings:

Biological test sample refers to a component of an indi-
vidual’s body which is the source of the analyte of interest.
Examples of test samples include, without limitation, human
and animal body fluids such as whole blood, serum, plasma,
cerebrospinal fluid, white blood cells, secretions of the
intestinal tract, urine and lymph fluids.

E2 is the cloned cDNA fragment which spans positions
6326 to 6968 of the genome of the Chinese HEV strain
(DDBI Accession No. D11092) illustrated in FI1G. 2 and
which contains a single base pair deletion at position 6957
(i.e. SEQ 1D NO: 1).

pE2 is the peptide encoded by E2 (i.e. SEQ 1D NO: 2).

E3 is the cloned cDNA fragment which corresponds to
position 5364 to 5477 of the genome of the Chinese HEV
strain (DDBJI Accession No. D11092) as illustrated in F1G.
3.

pE3 is the peptide encoded by E3 as illustrated in F1G. 4.

GE2 is a fusion protein whereby the amino terminus of
pE2 is linked with the carboxy-terminus of glutathione
S-transferase.

GE3 is a fusion protein whereby the amino terminus of
pE3 is linked with the carboxy-terminus of glutathione
S-transferase.

Hepatitis E Virus (HEV) is a single stranded positive RNA
virus morphologically similar to members of the calcivirus.
1t can cause sporadic cases or endemic outbreaks of hepa-
titis, and is serologically distinct from hepatitis A virus
(HAV), hepatitis B virus (HBV), hepatitis C virus (HCV)
and hepatitis D virus (HDV).

Homodimer is a molecule formed by the union of two
identical monomers.

Homologous sequence is a nucleic acid or amino acid
sequence having at least 80%, and more preferably 90%,
sequence identity to the E2 nucleic acid sequence, or pE2
amino acid sequence, identified as SEQ 1D NO: 1 or 2,
respectively.
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I HEV Genomic Sequences

The HEV genomic sequences illustrated in FIGS. 2A to
2D and FIG. 3 correspond to the ORF2 and ORF3 regions,
respectively. Similarly, the peptide sequences shown in
FIGS. 4 and 5 correspond to the gene products derived from
the ORF2 and ORF3 regions, respectively. Accordingly, the
genomic sequences listings shown are as follows:

SEQ ID NO. 1 is the nucleic acid sequence of the cloned
DNA fragment E2, derived from ORF2.

SEQ ID NO.2 is the amino acid sequence of peptide pE2.

SEQ ID NO: 3 is the nucleic acid sequence of the
downstream primer, ORF2Rc.

II HEV Peptides pE2 and pE3

Expression of pE2 and pE3 Peptides from the HEV Genome

A 114 bp region from the 3" end of the ORF3 sequence and
a 811 bp region from the 3' end of the ORF2 sequence
located within the genome of a Chinese strain D11092 of
HEV were cloned and amplified by reverse transcription-
polymerase chain reaction (RT-PCR). These sequences were
subsequently ligated to the BamHI and EcoRI cloning sites
ona pGEX vector. The cloned viral genes were recovered by
digestion of the respective plasmids with EcoRI and BamHI
(FIG. 6, Lanes 2 and 3) and subjected to sequence analysis.
The analysis located the 114 bp sequence to positions 5364
to 5477 within the viral genome. It was predicted to specify
a 37 aa peptide, pE3, with a MW of 3.9 kD. The 811 bp
sequence was located at position 6326 to 7136, however, the
analysis also revealed a single base pair deletion at position
6957 (FIG. 2D), presumably due to a PCR amplification
error. The resulting frameshift was predicted to cause trans-
lation of the nucleic acid sequence to terminate prematurely
at a new stop codon at position 6968, thus giving a smaller
than expected peptide of 213 amino acid residues in length,
pE2, with a MW of 23 kD, instead of 267 amino acid
residues as initially expected. Three amino acid residues at
the carboxy-terminus of pE2 which were produced by the
frameshift are non-HEV sequence (SEQ ID NO: 2).

The nucleotide sequences shown in FIGS. 2A to 2D and
3 correspond to the ORF-2 and ORF-3 regions, respectively,
of the Chinese strain of HEV (DDBI Accession No.
D11092).

The amino acid sequences shown in FIGS. 4 and 5
correspond to the peptides, pE2 and pE3, derived from the
ORF-2 and ORF-3 regions, respectively, of the Chinese
strain of HEV (DDBI Accession No. D11092).

Characterization of the HEV ORF2 and ORF3 Specified
Proteins

The sequences cloned from both the ORF-2 and ORF-3
regions of the HEV genome were expressed as glutathione
S-transferase (GST) fusion peptides, GE2 and GE3, respec-
tively. This expression system gave a high yield of the viral
peptides and permitted efficient purification when using the
Glutathione Sepharose-4B system. This method yielded
about 2 mg of purified GE2 and 7 mg of GE3 from one liter
of bacterial culture. Alternatively, GE2 bound to sepharose-
4B could be eluted using thrombin, which cleaved the fusion
protein at the carboxy-terminus of GST to release the viral
peptide pE2. This procedure yielded about 1 mg of the
purified pE2 peptide from one liter of bacterial culture.

The purified preparations of GE2 and pE2 were charac-
terized by SDS PAGE and Western blotting techniques (FIG.
7). Purified pE2 fusion protein, GE2 (Lanes 1 and 2), pE2
peptide (Lanes 3 and 4) and glutathione S-transferase (GST)
fusion protein (Lane 5) were subjected to analysis by (A)
SDS PAGE and (B) Western blotting using a GST-specific
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antiserum and (C) a pooled human HEV reactive human
serum. In addition, samples of the GE2 and pE2 peptides
were heated at 100° C. for 3 minutes for subsequent analysis
(Lanes 2 and 4) by SDS PAGE (A) and Western blotting (B
and C). Purified GE2 was resolved as a major band in a
dimeric form with a MW of 92 kD (FIG. 7A, Lane 1), but
dissociated into a 49 kD band after the sample had been
heated at 100° C. for 3 minutes (FIG. 7A, Lane 2). Both the
dimeric and monomeric forms of GE2 were recognized by
anti-GST serum in the corresponding Western blot (F1G. 7B,
Lanes 1 and 2). It was noted that the 49 kD GE2 monomer,
one of the minor components in this preparation, was only
reactive with anti-GST and not with the human HEV reac-
tive serum (FIG. 7C, Lane 2). Accordingly, when GE2 was
heated at 100° C. for 3 minutes, the 49 kD monomer became
the major band but its antigenicity against human HEV sera
was markedly reduced (FIG. 7C, Lane 2). The pE2 peptide,
which was purified by digestion of the bound fusion peptide
with thrombin, had naturally formed a dimer of 42 kD which
also became dissociated into a 23 kD monomer after heating
at 100° C. for 3 minutes (FIG. 7A, Lanes 3 and 4, respec-
tively). Neither the dimeric nor the monomeric forms of pE2
were recognized by anti-GST serum (FIG. 7B, Lanes 3 and
4). Furthermore, only the dimeric form of pE2 was reactive
with the human HEV serum (FIG. 7C, Lanes 1 and 3).
The purified GST fusion protein expressed from ORF3
(GE3) was also characterized by SDS PAGE and Western
blot (FIG. 8). The GE3 protein occurred as a monomer
which migrated as a band with the expected MW of 30 kD.
Western blot showed that GE3 was reactive with both the
anti-GST antiserum and the pooled HEV human serum.
However, in contrast to pE2 and GE2, the reactivity of GE3
was associated only with a monomeric form since its anti-
genic activity was not affected by heating. Therefore, it is
likely that such activity is attributed, at least partly, to
epitopes located by previous peptide mapping studies to the
carboxy-terminus of the ORF3 specified full length protein.

1II E2 and Its Antigenic Activity

pE2 Peptide Naturally Occurs as a Homodimer

Previous studies have described recombinant peptides of
the HEV structural protein encoded by ORF2 of the HEV
genome which are recognized by HEV reactive human sera
(Yarbough et al., 1991; Li et al, 1994). By the technique of
peptide mapping using overlapping short peptides spanning
the length of the structural protein, the activity of these
antigenic peptides has been attributed to the number and the
nature of antibody binding sites located to different regions
along the length of the polypeptide. Referred to as linear
epitopes, these antibody binding sites are related to the
primary structure of the protein as determined by its amino
acid sequence. The configuration assumed by the recombi-
nant peptides in solution, which is determined by their
secondary and tertiary structures, may affect accessibility of
the epitopes to antibodies and hence, reduce their antigenic
activity.

The recombinant pE2 peptide of the present invention
exhibits two types of antigenic activity recognizable by
HEV reactive human sera. One type of antigenic activity is
related to the primary structure of the pE2 peptide, whereas
the second type of activity is related to the quarternary
structure of the peptide in its dimeric form. The first anti-
genic activity is attributed to linear epitopes contained
within the amino acid sequence of the pE2 peptide and
which are associated with its monomeric form, as identified
by Western blotting and described below. However, the
second type of antigenic activity is strictly conformational in
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nature and only results when monomers of the pE2 peptide
associate with one another to form homodimers. Therefore,
an outstanding feature of the pE2 peptide which differenti-
ates it from other HEV recombinant peptides is that it
naturally and predominantly forms homodimers (e.g. higher
oligomers) under physiological conditions and that the anti-
genic activity of this peptide is attributed to conformational
antigenic determinants presumably arising from the quarter-
nary structure of the pE2 peptide achieved through its
dimeric form alone. Furthermore, the antigenic activity is
abrogated upon dissociation of the dimer but the activity can
be restored upon reconstitution of the dimer from the
monomeric form. Accordingly, this type of antigenic activity
is the first of its kind to be reported for a recombinant peptide
derived from the ORF2 region of the HEV genome.

F1G. 7 shows that a pooled human HEV reactive serum is
strongly reactive against the dimeric form of the glutathione
S-transferase (GST) fusion protein of pE2 (i.e. GE2) and
purified pE2. Purified GE2 (Lanes 1 and 2) and purified pE2
(Lanes 3 and 4) were produced as described herein and
subjected to analysis by (A) SDS-PAGE and (B) Western
blotting using an antiserum raised against GST and (C) a
pooled HEV reactive human serum. The samples appearing
in Lanes 2 and 4 were heated at 100° C. for 3 minutes
immediately before the analysis. A purified sample of GST
and a mixture of molecular weight markers were loaded to
Lanes 5 and 6, respectively. In the unheated samples (7A,
Lanes 1 and 3), the fusion protein, GE2, migrated mainly as
a dimer of an approximate molecular weight of 92 kDa (74,
Lane 1) and pE2 as a dimer of an approximate molecular
weight of 42 kDa (7A, Lane 3). However, as illustrated in
F1G. 7A, Lanes 2 and 4, heating caused the dimeric forms
of both proteins to dissociate into a 49 kDa monomeric GE2
fusion protein and a 23 kDa monomeric pE2 peptide,
respectively. 1t was discovered following Western blotting
that the fusion protein, GE2, in either its dimeric or mono-
meric forms, was recognized by antiserum raised against
GST (7B, Lanes 1 and 2), as well as GST, as expected (7B,
Lane 5). The HEV reactive human sera strongly recognized
the dimeric form of the GE2 fusion protein (7C, Lane 1) and
the pE2 peptide (7C, Lane 3). Heating of the samples at 100°
C. for 3 minutes resulted in the dissociation of the dimeric
form of both the GE2 fusion protein and the pE2 peptide into
their corresponding monomeric forms. However, this disso-
ciation is associated with a concomitant loss of antigenic
activity as indicated by the inability of the HEV reactive
human sera to recognize and bind to the monomeric forms
of the GE2 protein and the pE2 peptide (7C, Lanes 2 and 4,
respectively).

The antigenicity of the pE2 monomer was assessed and
compared with that of pE2 dimer by Western blot (FIG. 9).
Equal amounts of unheated and heated samples of the
purified pE2 peptide were mixed. The mixture was diluted
serially at 4 fold dilution and loaded into lanes 1 to 6. After
electrophoresis, the antigenicity of both forms of pE2 was
determined with a pooled HEV reactive human serum used
previously in F1G. 7 at 1:200 dilution. F1G. 9 shows that the
minimum amount of the pE2 monomer in which the pooled
human serum gave a positive reaction was 1,360 ng, which
is about 16 times higher than the minimum amount of 86 ng
determined for the pE2 dimer when tested under the same
conditions. Furthermore, the intensity of the reaction against
the pE2 dimer was estimated to be approximately 5 times
stronger than the intensity of the reaction against the pE2
monomer. Therefore, the combined results demonstrate that
the antigenic activity associated with the pE2 dimer is
largely distinct from the monomer and that the overall
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reactivity of the pE2 dimer is approximately 80 times greater
than that of the pE2 monomer. The antigenic activity of the
pE2 monomer is attributed to several linear epitopes con-
tained within the primary structure of the pE2 amino acid
sequence.

In addition, 18 individual human sera positive for a
commercial HEV ELISA kit (Genelabs Diagnostics Pte [td.,
Singapore) were tested at dilution 1:50 by Western blotting
(F1G. 10) against an equal mixture of a sample of purified
pE2 (1360 ng for each form of pE2 per reaction) which, prior
to analysis, was either left untreated to conserve the dimeric
form of the pE2 peptide, or heated at 100° C. for 3 minutes
to dissociate the pE2 dimer into its monomeric form.
According to the results shown in F1G. 10, only 8 of the 18
sera were reactive against the both the pE2 dimer and
monomer while the remaining 10 sera were reactive only
against the pE2 dimer. The higher prevalence of antibody
reactivity against the pE2 dimer compared to the monomeric
form is a further indication that the dimer is more antigeni-
cally reactive than the monomer.

F1G. 11 shows that the second type of antigenic activity
inherent to the pE2 dimer is related to the quarternary
structure of dimeric, or oligomeric, forms of the pE2 pep-
tide. Referred to as conformational antigenic determinants,
this type of antigenic reactivity associated with recombinant
peptides, other than pE2, which are derived from the ORF2
region of the HEV genome is hitherto unknown. Prior to
SDS PAGE (A) and Western blot analysis (B), separate
samples of purified pE2 were treated with 8M urea for 1
hour at four different temperatures: 4° C. (Lane 1); 20° C.
(Lane 2); 37° C. (Lane 3); and 45° C. (Lane 4). Moreover,
a portion of the sample treated at 45° C. was subsequently
dialysed overnight to remove the urea (Lane 5) prior to SDS
PAGE and Western blot analysis. Western blotting was
carried out using a pooled HEV reactive human serum at a
dilution of 1:250. The results obtained by SDS PAGE (F1G.
11A) show that the extent to which the pE2 dimer dissoci-
ated into its monomeric form had increased with an increase
in temperature during the heating process until complete
dissociation of the pE2 dimer was eventually achieved at 45°
C. (Lane 4). Consistent with these results, the corresponding
Western blot analysis (F1G. 11B) illustrates that only in
samples in which the pE2 dimer is present (i.e. Lanes 1 to
3 and Lane 5) does the HEV reactive serum exhibit any
degree of reactivity. Alternatively, the HEV reactive human
serum shows no reactivity whatsoever towards the heated
sample which contained only the monomeric form of the
pE2 peptide (i.e. Lane 4).

These results suggest that under physiological conditions,
pE2 monomers naturally associate with one another to form
homodimers and that the conformational antigenic determi-
nants recognized by HEV reactive human serum are likely
due to the occurrence of such dimeric interactions since
antibodies against the monomeric form of pE2 could not be
detected. Accordingly, this second type of antigenic activity
which is determined by the quarternary structure of the pE2
dimer appears to be strictly conformational in nature and is
only functional when the pE2 peptide is in its dimeric form.
Consequently, dissociation of the dimeric form of the pE2
peptide was shown to be associated with a loss of confor-
mational antigenic activity (i.e. F1G. 11B, Lane 4). However,
the conformational antigenic activity could be restored upon
reassociation of pE2 monomers to form dimers following
overnight dialysis of the urea-treated samples against PBS
(F1G. 11B, Lane 5).
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pE2 Conformational Antigenic Determinants Important in
HEV Infection

As shown and described above, of the two types of pE2
antigenic activity recognizable by HEV reactive human sera,
the conformational antigenic determinants of the dimeric
form appear to play a more significant role in natural HEV
infection than the linear epitopes of the monomeric form.
This was concluded when the results of a Western blot
analysis (FIG. 10) showed that out of a total of 18 HEV
reactive human sera, all 18 sera were reactive against the
dimeric form of the pE2 peptide, while only 8 of the sera
were additionally reactive against the monomeric form of
the pE2 peptide. Furthermore, based on the results shown in
FIG. 9, the overall reactivity of the pE2 conformational
antigenic determinants was estimated to be about 80 greater
than that of the linear epitopes contained within the mono-
mer.

The role of the pE2 conformational antigenic determi-
nants in natural HEV infection was further evaluated by
testing sera from 21 healthy blood donors and 96 patients
having non-A, B and C acute hepatitis taken at different
times after onset of hepatitis (Table 2). The sera used in the
study was obtained from patients admitted to the Princess
Margaret Hospital in Hong Kong with current, or a past
history of non-A, B and C acute hepatitis. The results show
that pE2 specific IgG antibody was markedly more prevalent
among the non-A, B and C hepatitis patients than the healthy
donors. The difference is consistent with epidemiological
studies indicating that HEV is a common cause of non-A, B
and C hepatitis. The detection of the 1gG antibody suggests
that some of these patients may be currently infected and
others may have been previously infected with the virus.
About 10% of the healthy donors had been infected with the
virus in the past and this is in agreement with the level of
HEV infection in the community from which these blood
samples were taken.

TABLE 2

Detection of HEV Antibodies in Human Sera by Western Blotting

Number of Sera From:

Antibody (IgG) Profiles  Non-A, B and C
pE2 Hepatitis Patients  Healthy Blood Donors
+ 56 3
- 40 18
Total 96 21

IV Determining the HEV Specificity of pE2 and GE3

To ascertain that the antigenetic activity of pE2 dimer and
pE3 is HEV specific, 74 of the 96 serum specimens obtained
from patients with acute, or history of acute non-A, B and C
acute hepatitis were further tested by a commercial HEV
specific ELISA (Table 3). The high concordance rates
between the commercial test and pE2 or GE3 tests demon-
strate the HEV antigenic specificity of the pE2 and pE3.
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TABLE 3

Detection of IgG antibody against pE2, GE3 and IgG HEV antibody by a
commercial ELISA.

Westemn EIA Overall*
Blotting + - Total Concordance
pE2 + 37 7 44 89.2%
- 1 29 30
GE3 + 30 0 32 89.2%
- 8 36 54
Total 38 36 74

*Overall concordance = number of the specimens with concordant result/
number of total specimens x 100%.

V Establishment of ELISA to Detect IgG and IgM Anti-HEV
The two separate ELISAs were conducted by coating
microplates separately with purified preparations of either
pE2 or glutathione S-transferase fusion protein GE3. Pro-
duction and purification of these HEV peptides have been
previously described. The purity of these preparations was
determined by the relative intensity of the 42 kD pE2 dimer
and the 30.4 kD GE3 fusion peptide such that they constitute
89% and 95% of the total proteins in their respective
preparations (FIG. 12, left lane). Western blotting showed
that these peptides were the principal antigens in these
preparations as shown by a reaction with HEV positive
human sera (FIG. 12, solid and hatched circles), but not with
the control negative human serum (FIG. 12, open circles).
Titration of these sera by assays produced with these purified
HEV peptide preparations yielded typical results which
correlated with the reactivity of these sera against corre-
sponding peptides as determined by Western blotting.

In an extended study, levels of HEV IgG antibodies were
determined in serum specimens obtained from 90 healthy
donors and 96 patients with current, or past history of non-A,
B and C acute hepatitis using pE2 and GE3 specific assays.
Antibody levels of individual patients sera generally corre-
lated with their reactivity against the corresponding viral
peptides as previously determined by Western blotting (FIG.
13). OD values obtained for the reactive sera (FIG. 13, solid
bars) determined by Western blotting were higher than the
weakly reactive (FIG. 13, hatched bars) or the non-reactive
(FIG. 13, open bars).

By setting cutoff values at 5 SD above the mean OD
values of non-reactive sera evidenced by Western blotting,
85.7% of pE2 reactive or weakly reactive sera gave a
positive result by pE2 specific assay, and 66.6% of GE3
reactive sera gave a positive result by GE3 specific assay.
Total concordance between Western blotting and pE2 and
GE3 specific assays were 91.7% and 88.5%, respectively.
Based on the Western blot results, both of the ELISA tests
have 100% specificity, and discrepant results obtained by
these assays and Western blotting were confined to the
weakly reactive sera. These results confirmed that the pE2
assay was specific for the 42 kD pE2 dimer and the GE3
assay was specific for the 30.4 kD pE3 peptide. Seropreva-
lence of IgG pE2 antibodies as determined by ELISA was
50% for the HEV patients and 5.5% for the donors, and that
of IgG GE3 was 22.9% for the HEV patients and 1.1% for
the donors. Seroprevalence of pE2 specific antibody of
either group of test subjects was higher than the GE3 specific
antibody. This suggested that pE2 is the dominant of the two
antigens and that a higher prevalence of either of these
antibodies was associated with acute hepatitis.
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Antibody Responses to Distinct Antigenic Domains of HEV
Capsid Proteins

For a further comparison, IgG antibodies of 74 sera, out
of the 96 sera, were further tested by a commercial test kit
(Genelabs Diagnostics Pte Ltd., Singapore). The commer-
cial test kit was made from a mixture consisting of a 42
amino acid peptide and a 33 amino acid peptide encoded
from the 3' end of ORF2 and ORF3, respectively, of a
Burmese and a Mexican strain of HEV (Yarbough et al.,
1991). The 33 amino acid peptide of ORF3 used in the
commercial test is found within a portion of pE3 (i.e. GE3)
because, as previously described, pE3 is a 38 amino acid
peptide which is also expressed from the 3' end of ORF3.
Therefore, it is expected that the antigenic specificity of the
ORF3-specified peptide in the commercial test would be
closely related to that of GE3. On the other hand, the
ORF2-specified peptide used in the commercial test is
located further downstream from the carboxy-terminal end
of the 213 amino acid pE2 peptide. Therefore, the antigenic
specificity of the commercial test kit, which is partly deter-
mined by the ORF2 peptide contained within the kit, is
expected to be different from the pE2 peptide of the present
invention. Unlike previously reported HEV peptides derived
from the ORF2 region, the antigenic activity of pE2 is
unique in that it is mainly attributed to conformational
antigenic determinants which are only exposed when pE2
monormers associate with one another to form homodimers.

As evidenced by Western blotting, 30 of the sera were
previously tested to be reactive for both pE2 IgG and GE3
1gG (pE2+/GE3+, FIGS. 15A and 15D), 14 were reactive for
pE2 IgG only (pE2+/GE3-, FIGS. 15 B and 15E) and 30
were not reactive against either peptide (pE2-/GE3-, FIGS.
15 C and 15F). Consequently, levels of antibody determined
by the commercial assay for the pE2 and GE3 reactive sera
varied coordinately with levels of GE3 antibody (FIG. 15A)
but independently with the levels of pE2 specific antibody
(FIG. 15D). Eleven of these sera were weakly reactive for
GE3 and gave low OD values which were below the cut-off
values of the GE3 specific ELISA (FIG. 15A). Ten of the 14
sera reactive only against pE2 were found to contain differ-
ent levels of the corresponding antibody. Seven of the 14
sera were reactive by the commercial assay (FIG. 15E).
However, all of them gave a negative result by the GE3
specific ELISA (FIG. 15B). The remaining sera were unre-
active against either peptide. All of them gave a negative
result by both pE2 and GE3 specific ELISA, and all but one
also gave a negative result by the commercial assay.

The spectrum of HEV antibody detected by the three
assays is summarized in Table 4. Despite their distinct
antigenic specificity, 33 sera were positive by both the pE2
specific assay and the commercial assay and 30 were nega-
tive by both assays, giving a total concordance of 87.8%
between the two assays. Similarly, total concordance
between the GE3 specific assay and the commercial assay
was 74.3%. Overall concordance between the three assays
combined was 66.2%. Frequency of detection of HEV
antibody by the commercial assay (47%) was slightly lower
than the pE2 specific assay (50%) and higher than the GE3
specific assay (29%). Based on the antibody spectrum exhib-
ited by individual sera, antibody detected by the commercial
assay in 15 of 40 sera can be attributed to those which are
specific for the ORF2 specified peptide used to produce this
assay because the sera were not reactive when tested by the
GE3 specific assay. The remaining 23 sera gave a positive
result by both the commercial assay and the GE3 specific
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assay, but it was not ascertained if these sera also contained
antibody against the ORF2 specified peptide used to produce
the commercial assay.

TABLE 4

Viral Hepatitis Patients' Sera Reaction Patterns
Against HEV Peptides and Commercial ELISA Kit

pE2 GE3 Number of Sera
ELISA ELISA Genelabs Kit (n=74)
+ + + 17
+ - + 16
+ - - 4
- + + 2
- - + 3
- - - 32
37 (50%) 19 (25.7%) 38 (51.3%) Prevalence (%)
87.8% 74.3% - Total Concordance

o'

!Total concordance (%) with the commercial ELISA kit equals the number
of sera giving a positive result or a negative result by either pE2 or GE3
specific assays and the commercial assay simultaneously/total number of
sera tested x 100%. Overall concordance between the three assays com-
bined similarly was calculated to be 66.2%.

V1 Antibody Responses in Current and Past HEV Infection

The level of pE2 and GE3 specific IgM antibodies of sera
from HEV patients and healthy donors was also determined.
In a preliminary study, it was shown that the assay was not
affected by the presence of IgG antibodies, such that results
obtained in the presence and absence of anti-human IgG
were essentially the same. Subsequent determinations were
therefore done in the absence of anti-human IgG and cutoff
values were set at 3 SD above the mean OD values of sera
from 90 donors. FIG. 14 compares the occurrence of pE2
and GE3 antibodies in sera from patients with time of onset
of hepatitis E. pE2 and GE3 specific IgM antibodies and
GE3 specific IgG antibodies were mainly present in serum
samples obtained early after onset of hepatitis E while
occurrence of pE2 specific IgG antibodies were not related
to disease onset.

Based on HEV antibody levels determined by pE2 and
GE3 specific assays as in FIG. 14, individual serum speci-
mens tested exhibited 9 distinct HEV serological profiles. A
total of 53 patients’ sera were found to variously reactive for
one or more of these antibodies (Table 5). Eighteen sera
exhibited five serological profiles which are consistent with
current infection (Table 5, profiles 1 to 5). These include 3
sera which were reactive for pE2 IgM only (Table 5, profile
1), 11 sera which were additionally reactive for pE2 and
GE3 specific IgG antibody (Table 5, profile 2) and another
3 which were reactive for these and also GE3 specific IgM
antibody (Table 5, profile 4). The other sera were reactive for
pE2 specific IgM and various other antibodies. It was noted
that 16 of these samples were taken within 30 days after
onset of hepatitis E. The other 2 patients’ sera were taken
more than 60 days after onset. These and the other sera from
donors presumably were due to asymptomatic HEV infec-
tion unrelated to previous episodes of hepatitis E. Another
35 patients’ sera exhibited serological profiles, which are
consistent with past HEV infection (Table 5, profiles 6 to 8)
being positive for IgG antibodies but not IgM antibodies.
Twenty-seven of these sera were reactive for pE2 specific
IgG (Table 5, profile 6) and seven were also reactive for GE3
specific IgG (Table 5, profile 7), but none were reactive for
the IgM antibodies (Table 5, profiles 6 to §). One profile
showed sera that was not reactive to any of these antibodies
(Table 5, profile 9). However, occurrence of these serologi-
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cal profiles were not related to time of onset of hepatitis E.
Most of the specimens showing current infection profiles
were obtained within 27 days (median=13 days) after onset
of hepatitis E and the other specimens were obtained on days
indicated in parenthesis. Past infection profiles did not
correlate with disease onset, and these specimens were
cumulated at a similar rate after disease onset as the non-
reactive sera (median=>50 and 40 days).

TABLE 5

5

28

ments were carried out to determine if antisera raised against
pE2 may effect immune capture of HEV particles.

Specificity of RT-PCR Primers

In this study, two pairs of primers, ASR/A3F and B5SR/
B3F (Table 9) were chosen for RT-PCR. The specificity of
these primers was evaluated by direct RT-PCR with speci-
mens separately containing HEV, HAV, enteroviruses and
caliciviruses. FIG. 16 shows that only the specimen con-

Serological Profiles of HEV Infection

Donors Patients
Profiles IsM 1eG No. of Sera  No. of Sera Days After
Identified pE2 GE3 pE2 GE3 (n =90) {n=96) Onset
1 + - - - 0 3 9-15
2 + - + + 0 11 5-27 (190,240)
3 + + - - 1 1 8
4 + + + + 0 3 7-14
5 - + + + 0 1 18
Total (Current Infection) 1 18 Median = 13
6 - - + - 5 27 5-430
7 - - + + 0 7 9-40
8 - - - + 0 1 18
Total (Past Infection) 5 35 Median = 50
9 - - - - 84 42 Median = 40

ELISA for the Determination of Low Avidity IgG Anti-pE2
Antibody

A further application of the ELISA method is for the
determination of low avidity IgG antibody in serum using
the pE2 dimer. This was accomplished by titrating serum
specimens in the presence, and in the absence, of 4 M urea.
The presence of low avidity IgG antibody is indicated when
the urea treatment has caused the apparent antibody level to
decrease significantly by more than 4 fold. Table 6 shows
that the low avidity antibody was exclusively detected in the
patients’ sera, which were taken within 2 weeks after the
onset of hepatitis E and that this antibody is subsequently
replaced by avid IgG antibody on a gradual basis. Thus, the
transient occurrence of the low avidity IgG antibody makes
it potentially useful for the diagnosis of acute hepatitis E.

TABLE 6

D termination of low avidity pE2 IgG antibody by ELISA
in serum samples of non-A, B and C hepatitis patients
at different times after onset of the disease.

pE2 [gG Avidity Test (Cases)

Days After Onset Low Avidity High Avidity Total

-7

8-14
15-21
22-84

>84
Total
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VII Establishment of Immune Capture RT-PCR to Detect
HEV RNA

The above described reactivity of human sera may be
explained if the pE2 dimer were to mimic certain structural
features of the HEV capsid. To test this possibility, experi-
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taining HEV presented a specific band with the expected size
of the 203 bp HEV sequence following RT-PCR amplifica-
tion.

pE2 Dimer Mimics Structural Properties of HEV

The antigenic relationship between pE2 dimer and HEV
viral particles was studied by immune capture experiments
using polystyrene paddles coated with antisera raised against
the pE2 peptide. The antiserum used was obtained from a
monkey immunized with 4 doses of 100 pg of purified pE2
and which was predominantly reactive against the pE2
dimer. The antiserum was weakly reactive against the pE2
monomer and it was not reactive with other HEV antigen.
The paddles coated with the antiserum were found to effect
specific immune capture of HEV particles and the bound
virus was subsequently detected (Lane 2) by reverse tran-
scriptase polymerase chain reaction (RT-PCR) as described
herein under the section entitled “Materials and Methods™.
The paddles were similarly allowed to react with, but had
failed to effect the capture of HAV (Lane 3), calicivirus
(Lanes 4 and Lane 5) and enterovirus (Lane 6) (FIG. 16).

These results further support the contention that the pE2
dimer may mimic certain structural features of HEV viral
particles which have enabled the antiserum to be predomi-
nantly reactive against the dimer and therefore, effect effi-
cient and specific immune capture of the HEV particles.
Application of this finding to develop an immune capture
assay for the detection of HEV in clinical, food and envi-
ronmental samples is discussed below.

Immune Capture RT-PCR (IC-RT-PCR)

Antiserum raised against pE2 in rabbits was tested for its
ability to immune capture HEV. Polystyrene paddles, coated
separately with the antiserum and the pre-immune serum,
were used for capture of the virus. RT-PCR on the captured
particles was performed. It was discovered that the antise-
rum could capture HEV particles up to a dilution of 5° of the
stock virus (FIG. 17A), while the pre-immune serum failed
to capture the virus even with undiluted stock solution (FIG.
17B).
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Comparison of a Commercial Viral RNA Detection Kit to
IC-RT-PCR

The immune capture RT-PCR (IC-RT-PCR) method
described above can be used routinely for the detection of
HEV for public health and environmental monitoring
because of the availability of a stable source of antisera
derived from the expression of HEV specified protein, pE2.

In the method described below, immune capture of HEV
partciles was followed by the extraction of HEV RNA with
a commercial kit (QIAamp Viral RNA Kit, QIAGEN), the
use of which is familiar to molecular biologists. If it is
assumed that the efficiency of RNA extraction using a
commercial kit is 100% without interference, then theoreti-
cally, IC-RT-PCR should be 32 times more sensitive than
direct RT-PCR because the former can accommodate 32
times more volume of a sample. In this study, the seeding
virus was diluted in 5-fold serial dilution so the expected
results should be that IC-RT-PCR is 25-fold more sensitive
than RT-PCR.

In this study, three types of HEV-seeded specimens were
prepared which included plain water, the supernatant of
human stool specimens and the supernatant of homogenized
shellfish specimens. The water sample, a shellfish (e.g.
oyster) sample and a stool sample were spiked with the same
amount of HEV. The spiked samples were serially diluted in
5 fold increments and aliquots of the diluted samples were
tested for the presence of HEV by the commercial (conven-
tional) method and by the immune capture method. The
comparative efliciency of HEV capture from these speci-
mens was examined and the results are provided in Table 7.
According to these results, the immune capture method
demonstrates increased sensitivity over the conventional
RT-PCR method for the detection of HEV in the water
sample by 25 fold, in the stool sample by 125 fold and in the
shellfish samples by more than 125 fold. Therefore, the
results show that IC-RT-PCR is at least 25 times more
sensitive than the commercial viral RNA kit. The reason for
increased sensitivity observed with the water samples was
because the sample volume tested by the immune capture
method was 32 times the sample volume tested by the
conventional RT-PCR method. Moreover, the results also
indicate that there are unknown factors in the supernatant of
stool and shellfish which inhibit the extraction of RNA for
subsequent synthesis of ¢cDNA. This is why the results for
the water samples are significantly higher than for the
shellfish and stool supernatant samples as the water samples
are not expected to contain substances which may inhibit
detection. However, this interference observed with the stool
and shellfish samples is reduced to a minimum using IC-RT-
PCR over the convention RT-PCR method. The increased
sensitivity of the IC-RT-PCR method in excess of 25 fold
over the conventional RT-PCR method is attributed to the
removal of inhibitory substances by the immune capture
method.

TABLE 7

Comparative Efficiency of HEV Detection by Immune Capture-RT-PCR
and Conventional RT-PCR Methods

Stool Shellfish
Method Water Supernatant Supernatant
IC-RT-PCR 1:3, 125 1:125 1:125
Conventional 1:125 1 not
RT-PCR (not diluted) detected

Sensitivity of detection is indicated as the limiting sample dilution
required for virus detection.

In conclusion, both the commercial RT-PCR method and
the IC-RT-PCR method have a lower sensitivity for the stool
and shellfish samples than for the water sample. However,
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this phenomenon may be caused by some unknown factors
in the stool and shellfish samples which can possibly accel-
erate the degradation of viruses. On the other hand, the
IC-RT-PCR results are 125-fold more sensitive than using
direct RT-PCR which implies that the immune capture
method successfully overcame the interference from
unknown facts in the stool and shellfish samples and further
illustrates that IC-RT-PCR is practical as a clinical and
environmental monitor.

VIII The Role of pE2 in HEV Protection

The previous results of the study of non-A, B and C
hepatitis patients, indicated that the dimeric form of the
recombinant peptide, pE2, may assume an important role in
natural HEV infection through the exposure of conforma-
tional antigenic determinants which are generated from the
dimerization of the monomeric form of the peptide.

As previously shown in the study of non-A to C acute
hepatitis patients, the dimeric form of pE2 was found to
assume a more prominent role in natural HEV infection. pE2
specific IgM antibodies were commonly produced during
acute HEV infection. The corresponding IgG antibodies
were also produced and persisted for a protracted period of
time accompanied by increasing avidity. Furthermore, they
were the most prevalent HEV antibodies present in conva-
lescent sera and sera from individuals previously infected
with the virus. These results suggested that pE2 may afford
protection against HEV and is further supported by a pro-
tection study in the experimental infection of Macaque
monkeys. Moreover, the results also suggest that the pro-
tective effects are mainly attributed to the conformational
antigenic determinants exhibited through dimerization of the
pE2 peptide as opposed to the presentation of linear epitopes
and provides a rational basis for vaccine development.

A protection study in experimental infection using a
Macaque monkey model shows that immunization with a
purified preparation of the pE2 peptide confers protection of
the animals against a HEV challenge and therefore, makes it
a prime vaccine candidate. The infective dose was found to
approximate the genomic dose and the pathology associated
with experimental infection was comparable to that associ-
ated with natural infection in humans (Tsarev et al., 1993b;
Tsarev et al., 1994b). In order to obtain a clear indication as
to whether the bacterially expressed peptide affords protec-
tion against HEV, the animals used in the present study were
challenged with a relative large dose containing at least 10°
genome equivalent of the homologous strain of HEV virus.
Virus excretion in stool and viraemia seen in the control
animals were essentially abrogated in the immunized ani-
mals. None of these animals developed additional HEV
antibodies apart from anti-pE2 antibodies already present
before the challenge. Since anti-pE2 antibodies present in
the pre-challenge sera were predominated by those which
specifically recognize the pE2 dimer rather than its mono-
meric form, it was concluded that to a large extent, the
protective effects are attributed to the conformational anti-
genic determinants that arise from the dimerization of this
viral peptide. Consistent with this belief, study and charac-
terization of the pE2 peptide suggests that it probably
encompasses a domain in the major structural protein of
HEV, which interacts to form HEV capsid. Therefore, the
viral capsid is generated with the same or similar confor-
mational antigenic determinants compared to those gener-
ated through the pE2 dimerization. Consequently, antibodies
specific for pE2 dimers are the dominant antibody response
to natural HEV infections.
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The nucleotide sequence specifying the 210 aa HEV
peptide, pE2, was compared with the reported nucleotide
sequence and predicted amino acid sequences in the corre-
sponding regions of prototype HEV strains. The 210 aa
peptide is encoded in a highly conserved region in the ORF2
of the HEV genome (Table 1). Purity of the viral peptide
used for immunization was assessed by SDS PAGE (F1G.
7A, Lane 3) and its antigenicity, by immune blotting using
a human HEV reactive (F1G. 7C, Lane 3). PE2 constituted
over 90% of the protein present in the purified preparation
used for immunization. The dimeric form was specifically
recognized by the HEV reactive human serum (F1G. 7C,
Lane 3), but not the 23 kD monomeric form (F1G. 7C, Lane
4). These results suggest that anti-HEV antibodies present in
the human serum are mainly directed against conformational
antigenic determinants arising from the dimerization of the
viral peptide.

lmmunization

Three test monkeys (M1, M2, M3) were immunized with
four weekly intra-muscular doses of 100 ug of a preparation
of purified pE2 dimer. Another three monkeys (M5, M7,
M8) were given placebo and served as controls. The animals
were bled 2 weeks after the fourth immunization dose and
the sera tested by Western blotting against purified pE2, GE3
and by a commercial ELISA test. The animals were subse-
quently challenged with 10° genome equivalent of the
homologous strain of HEV two weeks following the final
immunization dose.

The antibody response to the immunization was moni-
tored using an ELISA produced with purified pE2 peptide
(F1G. 18). The results showed that immunization elicited a
vigorous antibody response against the viral peptide in all
the three animals (M1 to M3). The antibody was first
detected one week after the first immunization and reached
the maximum level about one week after receiving the third
dose. The control animals did not show detectable pE2
specific antibody. This vigorous response seen in all three
animals shows that pE2 is strongly immunogenic.

The HEV specificity of the sera obtained immediately
before virus challenge was further analyzed by Western
blotting against equal samples of native (i.e. pE2 dimer) and
heat-denatured purified pE2 (i.e. pE2 monomer) (F1G. 19A,
Lanes 1 to 4), a purified GE3 fusion protein (F1G. 19B), and
by a commercial ELISA assay for detecting HEV (FIG.
19C). The latter assay is an ELISA produced with a mixture
of two synthetic HEV peptides corresponding to the amino
acid sequences of the carboxy-terminal regions of the ORF2
and ORF3 specified proteins. According to the manufactur-
er’s instructions, the assay utilized two HEV peptides, one
1s similar to pE3 (i.e. GE3) and the other corresponds to the
carboxy-terminal region of the major structural protein of
HEV which is located adjacent to, but does not overlap with
pE2.

F1G. 19A shows the determination of the level of anti-
bodies against the pE2 dimer and monomer by Western
blotting using aliquots of the sera which were serially
diluted in 4-fold increments. The serum from M1 was tested
between a dilution of 1:4000 (Lane 1) and 1:256,000 (Lane
4); the serum from M2 was tested between 1:100 (Lane 1)
and 1:6,400 (Lane 4); and the serum from M3 was tested
between 1:250 (Lane 1) and 1:16,000 (Lane 4). The blots
were produced with equivalent preparations of the dimeric
and monomeric forms of purified pE2 peptide. The level of
the antibody against either form is defined as the maximum
dilution (limiting dilution) of the serum which is reactive
against the respective form of the peptide. The results show
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that the level of the antibody against the dimer in the serum
taken from M1 is 1:64,000, which is 16 times higher than the
level of the antibody against the monomer, the limiting
dilution being 1:4,000. The levels of the antibody against the
dimer in the serum taken from M2 and M3 were 1:1,600 and
1:4,000, respectively, which were more than 16 times and 4
times higher than the corresponding levels of the antibody
against the monomer in the same sera. None of the sera
obtained from these animals before immunization showed
detectable activity at 1:100 serum dilution (F1G. 19A, Lane
5).

F1G. 19B shows that at a dilution of 1:100, none of the
sera were reactive against purified GE3. The same sera was
tested at the same dilution by a commercial EL1SA, which
was produced with a synthetic peptide corresponding to the
carboxy-terminal of the major HEV structural protein and
the protein specified by ORF 3 of the HEV genome. F1G.
19C shows that none of the sera contained detectable
antibody against these HEV peptides. Sera from the control
animals was also similarly tested by the methods described
above and none of the sera showed detectable HEV antibody
by any of these methods as well.

Therefore, these results show that the pE2 peptide is
highly immunogenic and capable of eliciting a vigorous
antibody response in monkeys, as well being capable of
promoting an immune response in other mammalian hosts,
such as mouse, rat, sheep or rabbit. The antibody produced
in response to the immunization was predominantly reactive
against the pE2 dimer. The levels of these antibodies, as
determined by limiting dilution, were 4 to 16 times higher
than the corresponding levels of the antibodies against the
monomet. This shows that the pE2 dimer is the dominant
immunogen because it caused a higher level of antibody
production than the monomeric form. Moreover, immuni-
zation with purified pE2 did not elicit the production of other
HEV antibodies detectable by other commercially available
methods. Therefore, it may be concluded from these results
that the antisera thus raised against purified pE2 is specific
for pE2, more particularly the dimeric form of the peptide.

Moreover, the antiserum diluted beyond the limiting
dilution for the monomer can only be rendered reactive
against the dimer and not the monomer. ln accordance with
the normal practice in immunology, such antisera rendered
“monospecific” for the dimer by appropriate dilution as
described herein can be used to distinguish the dimer and the
conformational antigenic determinants expressed by the
dimers from the monomers and the linear epitopes contained
therein.

HEV Challenge

Three test animals (M1,M2,M3) and three control animals
(M5, M7, M8) were challenged 2 weeks following their
immunization by intra-peritoneal injection of a homologous
strain of HEV. The challenging virus was originally isolated
from an outbreak in China in 1986 (Table 1, Strain D11092)
and the amount of the virus injected was estimated by PCR
to be 10° HEV genome equivalent per dose (FIG. 20). The
primate infection dose of the challenging virus injected was
not determined. Recent studies by other investigators
showed that primate infectivity titres of HEV are of the same
order of magnitude as genomic titres.

Following the experimental infection, the animals were
observed daily for the development of hepatitis E virus.
Virus excretion was monitored in stool samples obtained
before, and every two days after the infection. Peripheral
blood samples were obtained twice per week for the deter-
mination of viral load in the plasma and peripheral blood



US 7,204,989 Bl

33

monocytic cells (PBMC). Serum specimens were taken for
determination of ALT levels. Both groups of animals had
normal levels of ALT and did not develop symptoms of
hepatitis E. This presumably was because the virus has been
attenuated through previous passages in primates (Zhuang et
al, 1992). Nevertheless, Table 8 shows that one control
animal, M5, excreted the virus in every stool sample taken
between the 5% and 177 days post-infection. Virus excretion
persisted for 10 days from the 7% to 17 days in the other
two control animals, M7 and M8. The HEV genome was
also detected in the PBMC specimens taken from M7 on the
9% day and from M8 on the 137 day after the infection. The
HEV genome was not detected in any plasma samples taken
from these animals. Immunization with the pE2 peptide
completely abrogated virus excretion in two of the test
animals, M1 and M2, it reduced virus excretion to one day
in the third test animal, M3, and the viral genome was not
detected in any of the plasma or PBL samples taken from
these animals.

TABLE 8

HEV Excretion in Stool and Viraemia After Virus Challenge

Day After Challenge

Group Monkey 3 5 7 9 1 13 15 17 19

Test No.
No.
No.
No.
No.
No.

+

Control

o0 =1 W o
I
I+ o+
+ 4+ 4+ 1
+ o+
+ 4+ 4+ 1
+ +
+ 4+ 4
+ 4+ 4+ 1
|
|

4

!'The HEV genome was detected in peripheral blood monocytes by RT-
PCR. None of the plasma samples contained detectable HEV genome.

HEV Seroconversion After Virus Challenge

The spectrum of HEV antibodies present in the serum
samples obtained before and up to 4 weeks after virus
challenge was analyzed according to the experimental meth-
ods and conditions described for F1G. 19. F1G. 21 shows that
the sera obtained from all three control animals (MS,M7,
MB) before virus challenge gave a negative result by all
three HEV antibody assays initially. HEV seroconversion
occurred 7 days following infection in one control animal,
MS. This was evidenced by the detection of the pE2
homodimer specific antibody in sera taken on this day and
all subsequent occasions (F1G. 21). All these serum samples
also gave a possible test result for HEV antibody by the
commercial ELISA test and the consecutive samples
obtained on the 7 day and 14” day were reactive against
purified GE3 as well. The broad specificity spectrum of the
antibody response to the infection was in contrast to the
restricted specificity spectrum of the antibody response to
immunization with the pE2 peptide described earlier (F1G.
21). The serum specimens obtained from another control
animal, M7, on the 147 and 21 days after infection were
weakly reactive against the pE2 dimer and gave a positive
result by the commercial assay, but none of the specimens
were reactive against the ORF3 specified peptide, GE3. The
remaining control animal, M8, did not mount a detectable
antibody response to the infection. In contrast, except for the
pE2 antibody, the immunized animals did not acquire other
HEV antibodies after the infection (F1G. 21).

The sera obtained from the immunized animals (M1,M2,
M3) were already reactive against the pE2 dimer before the
virus challenge on day 0 and the antibodies persisted in the
subsequent samples taken from these animals on days 7, 14
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and 28 after the virus challenge. However, in contrast to the
control animals, none of the immunized animals acquired
additional HEV antibodies after the virus challenge (F1G.
21A).

Discussion

Previous studies had established the Rhesus monkey as to
be a suitable animal model for HEV. The infective dose was
found to approximate the genomic dose (Tsarev et al.,
1994b) and the pathology associated with experimental
infection was comparable to that associated with natural
infection in humans (Tsarev et al., 1993b). In order to obtain
a clear indication as to whether the bacterially expressed
peptide affords protection against HEV, the animals used in
the present study were challenged with a relative large dose
containing at least 10° genome equivalent of the homolo-
gous strain of HEV virus. We have shown that the infection
has resulted in protracted virus excretion in the fecal
samples for at least 10 days by all three control animals and
a transient viraemia evidenced in two animals by the detec-
tion of the virus genome in the PBMC specimens. Moreover,
the infection was accompanied by HEV seroconversion in
two animals. Presumably because the challenging virus has
been attenuated by previous passages in primates, however,
all the control animals remained healthy with normal ALT
levels.

Immunization with purified pE2 was found to elicit a
vigorous antibody response against the peptide in both its
monomeric and dimeric forms. The levels of the dimer
reactive antibody were substantially higher than the corre-
sponding levels of the monomer specific antibody. Apart
from these antibodies, the sera did not exhibit other HEV
reactivity. The pE2 reactive antibodies evidently had served
to prevent the experimental infection in the immunized
animals. 1t was shown fecal virus excretion was abrogated in
two immunized animals and in the third animal, the duration
of excretion was reduced from 10 or more days, observed in
the control animals, to one day. 1t was further shown that
none of the immunized animals harboured detectable viral
load in PBMC or plasma specimens and apart from the pE2
specific antibodies, none of these animals had acquired
additional HEV antibody after the virus challenge.

The results taken together show that immunization with
the recombinantly expressed pE2 peptide has prevented
experimental infection of primates with a homologous strain
of HEV and that the protection was largely attributed to
antibodies against the dimeric form of the pE2 peptide.
Since pE2 is highly conserved among different HEV isolates
including the most genetically divergent isolates from
Mexico (Huang et al., 1992) and the U.S.A. (Schlauder et
al., 1998), it is possible that the pE2 peptide may protect
against infection by other strains of HEV as well.

The following examples are provided for purposes of
illustration of the inventive concepts, and are not intended to
limit the scope of the invention as defined by the appended
claims.

EXAMPLES

Virus Strain—The Chinese HEV strain with DDBJ acces-
sion No. D11092 was a generous gift from Professor H.
Zhuang, Beijing Medical University, PR. China (Aye et al.,
1992). 1t was obtained in the bile of Macaque monkeys,
which were experimentally infected according to methods
described by Zhuang (Zhuang et al., 1992) with stool
specimens taken from hepatitis E patients.

Sera—The ninety-six (96) sera used as described herein
were obtained from patients admitted to the Princess Mar-
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garet Hospital in Hong Kong with current, or a past history
of non-A, B and C acute hepatitis. The specimens were
collected from the patients during their hospitalization or at
different times after they had been discharged.

36
downstream primer, ORF2Rc. The new cloned sequence
encodes the identical pE2 peptide (i.e. SEQ 1D NO: 2),
except that the sequence located downstream of the new stop
codon has been removed.

TABLE 9

RT and PCR Primers

Primer*  Purpose  Position Sequence Enzyme Site
3R RT 5508-5529  5-CGGGGAGTCAACATCAGGCACT-3' (SEQ ID NO:8)

ESR RT 7117-7140  5-AAGCAAATAAACTATAACTCCCGA-3' (SEQ ID NO:9)

ORF2F  Cloning  6326-6330  5-GCTGGATCCCAGCTGTTCTACTCTCGTCCCGTCG-3' (SEQ ID NO:10) BamHI
ORF2Ra  Cloning  7117-7136  5-GGCGAATTCCAAATAAACTATAACTCCCGA-3' (SEQ ID NO:11) EcoRI
ORF2Rb  Cloning  6932-6956  5'-GGCGAATTCGGGGGGCTAAAACAGCAACCGCGGA-3' (SEQ ID NO:19)  EcoRI
ORF2R¢  Cloning 69436968  5'-GGCGAATCCCTAGCGCGGAGGGGGGGCTAAAACA-3' (SEQ ID NO:3)

ORF3F  Cloning 53645384 5-CCGGGATCCGACCTCGTGTTCGCCAACCCG-3' (SEQ ID NO:12) BamHI
ORF3R  Cloning 54575477  5-CAGGAATTCCTTAGCGGCGCGGCCCCAGCTG-3' (SEQ ID NO:13) EcoRI
A3R RT-PCR 45664586  5-GGCTCACCGGAGTGTTTCTTC-3' (SEQ ID NO:14)

ASF RT-PCR 43414362  5-CTTTGATGACACCGTCTTCTCG-3' (SEQ ID NO:15)

B3R RT-PCR 45544575  5-GTGTTTCTTCCAAAACCCTCGC-3' (SEQ ID NO:16)

BSF RT-PCR  4372-4392  5-GCCGCAGCAAAGCATCCATG-3' (SEQ ID NO:17)

*Primers were designed by reference to the sequence of a Chinese HEV isclate (DDBJ accession No. D11092). Non-HEV sequences

are underlined.

Example 1

Cloning of the HEV Capsid Gene

Extraction of HEV RNA

Viral RNA was extracted from the bile of an experimen-
tally HE V-infected Macaque monkey (Zhuang et al., 1992)
using the QlAamp Virus RNA Kit [QIAGEN GbmH,
Hilden, Germany] according to the manufacturer’s instruc-
tions. The purified RNA was mixed with 2 volumes of
isopropanol [BDH Laboratory Supplies, England] and Yioth
volume 3M NaAc (pH 6.4) [Sigma, USA] and left to stand
at =20° C. for 1 hour. Afterwards, the mixture was centri-
fuged at 15,000 rpm for 15 minutes. The pellet was washed
once with 70% ethanol [BDH Laboratory Supplies,
England] and then resuspended in reverse transcription
buffer.

RT-PCR of Target Sequences

For reverse transcription, the RNA pellet was added to 20
il of RT master mixture (4 pl 5xRT buffer [Boeringer
Mannheim]; 1.6 ul of 2.5 mM dNTP; 0.2 pl Avian Myelo-
blastosis Virus (AMV) [Boeringer Mannheim]; 0.625 ul
RNAsin [Boeringer Mannheim]; 1 pl reverse primer ESR or
E3R (150 pg/ul); 12.6 pl RNAse-free water) and incubated
at 42° C. for 1 hour.

The primers used are listed in Table 9. E3R and E5R were
designed to construct cDNA fragments of the virus. The
cDNA sequences corresponding to the 3' terminal regions of
ORF2 and ORF3 were amplified using the primer pairs
ORF2F/ORF2Rb and ORF3F/ORF3R, respectively. These
primers were modified to contain BamHI and EcoRI restric-
tion sites to facilitate cloning of the amplified cDNA frag-
ments. All primers were synthesized by Life Technologies,
US.A.

The original cDNA sequence, which spanned positions
6326 to 7136 with a single base pair deletion at position
6957, was cloned from the ORF2 region using the primer
pair ORF2F/ORF2Ra. However, the novel E2 cDNA
sequence (i.e. SEQ 1D NO: 1) can be cloned from the same
region using the same upstream primer, ORF2F, and the new
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PCR amplification of the target sequence cDNA was
carried out by adding 5 pl of ¢cDNA to 45 ul PCR master
mixture (5 pl 10xTaq buffer) [Boeringer Mannheim]; 4 pl of
2.5 mM dNTP mixture; 1.0 ul of each primer (150 ng/ul); 1
1 of Taq DNA polymerase (1 U/ul) [Boeringer Mannheim])
and 33 pl ultrapure water. The PCR mixture was overlaid
with 50 pl mineral oil. The thermal cycling conditions were:
denaturation at 94° C. for 40 seconds; annealing at 57° C. for
40 seconds; and extension at 72° C. for 1 minute. The
resulting PCR products were designated E2 and E3 from
ORF2 and ORF3, respectively.

Cloning into pGEX Plasmid

The PCR products were extracted with phenol-chloro-
form and then precipitated with ethanol. The products, E2
and E3, and the vector pGEX.,, were digested using BamHI
and EcoR1 (Boeringer Mannheim). The pGEX,,, vector was
a gift from Dr. Cao Liang, Department of Microbiology, the
University of Hong Kong. It was a derivative of a pGEX
expression vector (Smith et al., 1988) with the multiple
cloning site  5-CCGCGTGGATCCGAAATTCCTC-
GAGATCGATTAG-3' (SEQ 1D NO:20) containing BamH],
EcoRl, Xhol and Clal restriction cleavage recognition
sequences. The digested fragments were separated on aga-
rose gels, recovered by cutting the band out of the gel,
electro-elution and then precipitated by ethanol. Afterwards,
E2 and E3 were ligated to pGEX,, using T4 ligase
(Boeringer Mannheim). The recombinant plasmids pGEX, -
E2 and pGEX,;-E3 were transformed into E. Coli DH5a by
electro-transformation with a gene pulser [B10O-RAD] and
plated on LB agar plates (Sambrook et al., 1989) with
ampicillin (100 pg/ml). Twenty colonies of transformants
were picked up for plasmid preparation. BamHI and EcoR1
digestion was subsequently carried out and recombinants
with the expected insert size were chosen (F1G. 6). All
plasmids used in this study were prepared using the QlAgen
mini-plasmid kit [Q1Agen, Hilden, Germany].

Sequencing

DNA sequencing was performed using an AB1 PRISM
Dye Terminator Cycle Sequencing Ready Reaction Kit
[PERKIN ELMER]. The results showed that the 811 bp E2
sequence was located at position 6326-7136 and also
revealed a single base pair deletion at position 6957, pre-
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sumably due to a PCR amplification error. The resulting
frameshift was predicted to cause translation to terminate
prematurely at a new stop codon at position 6968 giving a
smaller than expected peptide of 213 aa with a MW of 23
kD, instead of 267 aa as initially expected. The position of
E2 and relative fragments are shown in F1G. 1.

Example 2

Production and Purification of HEV Peptides

Expression of GST Fusion Protein

The recombinant plasmids were transformed into E. coli
BL21. Single colonies were picked for growth in 2xYTA
medium (tryptone 16 g/1; yeast extract 10 g/1; NaCl 5 g/1;
ampicillin 100 pg/1). The overnight culture (4 ml) was
inoculated in 400 ml of 2xYTA medium and incubated at
28° C. until the OD600 was 20.5. 1sopropyl p-D-Thiogla-
ctoside (IPTG) [Pharmacia Biotech, U.S.A.] (400 pl of 100
mM solution) was added and the culture grown for 5 to 6
hours. The cells were pelleted by centrifugation at 7,000 rpm
for 10 minutes in a Beckman J2-MC rotor JA-14.

Purification

The pellet was washed once in phosphate buffer saline
(PBS: 0.8% NaCl; 0.02% KCl; 0.144% Na,HPO,; 0.024%
KH,PO,, pH 7.0), resuspended in 20 ml PBS and sonicated
in a SONIPREP 150 [MSE] (30 seconds on; 30 seconds off;
35 cycles; power 18 to 22). After sonication, Triton-X100
(Sigma, U.S.A.) was added to give a final concentration of
1% and the mixture was gently shaken for 30 minutes. The
bacterial lysate was centrifuged at 4° C. and the supernatant
was collected. Batch purification of the fusion protein was
carried out according to the “GST Fusion Protein System
Manual” using glutathione sepharose-4B [Pharmacia Bio-
tech, U.S.A.]. The bound fusion peptide was eluted twice
with elution buffer (10 mM reduced glutathione in 50 mM
Tris-HCI, pH 8.0) and are referred to as GE2 and GE3 to
correspond to the cDNA fragments of ORF2 and ORF3,
respectively.

Thrombin Cleavage of Fusion Proteins Bound to Bulk
Matrix

Thrombin [Pharmacia Biotech, U.S.A.] (5 ul of a 1 U/l
solution) and 95 pl of PBS were added to a 100 pl bed
volume of GE2 bound to glutathione sepharose-4B and
incubated at 22° for 16 hours. The supernatant was collected
by centrifugation and pooled with the supernatant of a
second wash of the matrix. This thrombin-cleaved protein
was designated pE2.

Example 3

Identification of HEV Peptides

Analysis of SDS Polyacrylamide Gel Electrophoresis (SDS-
PAGE)

A 10% of SDS-polyacrylamide gel was set according to
standard methods (Sambrook et al., 1989). The peptide
specimens (4 ug) were loaded on the gel and electrophoresed
at 100 volts for 3 hours using Minigel Twin G42 [Biometra,
Germany]. The gel was stained with Coomassie brillant blue
R250 in a mixture of 45 ml methanol, 45 ml H,0O and 10 ml
of glacial acetic acid.
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Western Blotting

After SDS-PAGE, the proteins in the gel were transferred
to 0.45 pum nitrocellulose membranes [BIO-RAD, U.S.A ] at
100 volts for 1 hour using Mini-PROTEAN 11 Cell [B1O-
RAD]. After being blocked with 5% of skim milk [Carna-
tion, Nestle] in 1xPBS at 4° C. overnight, the membrane was
reacted with pooled sera (1:500) collected from hepatitis E
patients or anti-GST sera (1:1000) obtained from guinea
pigs at room temperature for 1.5 hours. After washing three
times, 5 minutes each time with 0.05% Tween®,, in PBS,
the membrane was reacted with horseradish peroxidase
(HRP) conjugated Protein-A [BIO-RAD, U.S.A.] at room
temperature for another 1.5 hours. After washing three times
again, the positive bands were developed by incubation of
the membrane with 3-amino-9-ethyl carbazole [ AEC Single
Solution, ZYMED, U.S.A.] at room temperature for 5 to 10
minutes. The colour reaction was stopped by transferring the
membrane into water. The sera and conjugates described
above were diluted in blocking buffer (5% of skim milk
[Carnation, Nestle] in 1xPBS).

Example 4

Establishment of ELISA to Detect 1gG and 1gM
Anti-HEV

Serum Source

The sera from 96 non-A, B and C hepatitis patients
collected at the Princess Margaret Hospital, Hong Kong,
was studied. Of these sera, 74 out of 96 were further tested
with a commercial HEV kit [Genelabs, Singapore|. Sera
from 90 healthy donors was obtained at the Queen Mary
Hospital.

ELISA Using HEV Peptide Antigen

The assay specific for either pE2 or pE3 was produced by
coating each well of a polystyrene microtitre plate [Nunc,
Denmark] with either 0.063 pg/ml of purified pE2 peptide
(6.3 ng/100 pul in 0.05 M sodium carbonate, pH 9.5) or with
0.23 pg/ul of GE3 (23.0 ng/100 pl in 0.05 M sodium
carbonate, pH 9.5). Concentrations of the peptides used
were previously determined to be optimal. After overnight
incubation at 4° C., the wells were washed with 350 pl
washing buffer (0.05% Tween®,, in PBS) and then blocked
with 2% bovine serum albumin (BSA) [Sigma, U.S.A.] in
PBS at 4° C. for 24 hours. The plates were rewashed twice
again with washing buffer. HEV antibody levels were deter-
mined by adding 0.1 ml serum specimens at 1:100 dilution
to duplicate wells (diluent: 1% BSA, 0.2% Bronidox in
PBS). After incubation at 37° C. for 30 minutes, the wells
were washed five times with 0.05% Tween®,, in PBS. 1gM
antibodies were determined by reaction with a horseradish
peroxidase (HRP)-conjugated human 1gM specific antise-
rum at 1:25,000 dilution [BIOSOURC] and 1gG antibodies
with a HRP-conjugated protein A at 1:16,000 dilution [BI1O-
RAD] (diluent: 1% BSA, 0.2% bronidox, 10% sucrose in
PBS). After incubation at 37° C. for 30 minutes, the wells
were washed five times and 100 pl TMB substrate (3,3',5,
S'-tetramethylbenzidine) [Diesse, ltaly] was added. The
reaction was stopped by 0.3 M H,SO, after incubation at 37°
C. for 15 minutes. The plate was read at 450 nm with an
Anthos 2001 microplate reader [ANTHOS LAB]. To enable
comparison of the results obtained on separate test runs, a
reference serum was included in each test run, and OD
values obtained with test sera on each test run was normal-
ized against that obtained concurrently with the reference
sera. Anti-pE2 1gG cut-off values were set at 3 SD above the
mean OD value of non-reactive sera previously tested by
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Western blot. The anti-pE2 1gM cut-off value was set at 3 SD
above the mean OD value of the healthy blood donors’ sera.

pE2 1gG Avidity Test

The sera was serially diluted and reacted with pE2-coated
microplates in duplicate wells. After incubation at 37° C. for
30 minutes, the wells were washed and then treated with
PBS (control) or PBS containing 4 M urea at room tem-
perature for 10 minutes. The plate was washed and then
reacted with HRP-Protein A conjugate as before.

BExample 5

1gG Anti-pE2 Detected by Western Blot

Serum Source

All the sera used in Example 4 was retested by using the
Western blot technique.

Western Blot

Thirty-four (34) ug of purified pE2 was loaded to a 70 mm
wide single lane SDS-polyacrylamide gel and electrophore-
sed at 100 volts for 3 hours. After electrophoresis, the
peptides were transferred to a 0.45 pm pure nitrocellulose
membrane [B10-RAD] at 100 volts for 1 hour in a MINI-
PROTEAN 11 Cell [BIO-RAD]. After shaking in blocking
buffer at 4° C. overnight, the membrane was cut into 2 mm
strips. Strips were incubated with each of the sera separately
at 1:250 dilution for 1.5 hours. They were subjected to three
5 minute washings in washing buffer and then incubated
with goat anti-human 1gG alkaline phosphatase conjugate at
1:30,000 [Sigma, U.S.A.] at room temperature for 1.5 hours.
After three washings, BCIP/NBT mixture [Gibico BRL,
U.S.A] was added for colour development and the reaction
was stopped by putting the strips into water.

The results confirmed that most of the antibody deter-
mined by ELISA could be attributed to those which could
bind to the dimeric form of pE2, but not its monomeric form.

Example 6

Immune Capture RT-PCR (1C-RT-PCR)

Production of Specific Rabbit Polyclonal Antibodies

The antigen used for production of antibodies to HEV is
the pE2 peptide developed as the glutathione S-transferase
fusion protein, GE2. Female white rabbits weighing 2.5-3.0
kg were immunized with 100 pg of antigen. The first dose
contained an equal volume of complete freund adjuvant.
Incomplete freund adjuvant was used in subsequent doses in
a 10 to 14 day interval schedule. When specific antibodies
rose to a level detectable by ELISA at 1:10,000 dilution of
the rabbit serum, the rabbit was given an intravenous booster
of 100 pg of the antigen in PBS. On the 4” day after the
booster, blood was collected by cardiac puncture. Specific
antibodies were evaluated by Western blotting and ELISA.

Preparation of Stool Suspensions

Thirteen acute hepatitis E patient’s stool was collected at
the First People’s Hospital of Guangzhou. Stools of three
experimentally HEV-infected monkeys were collected from
day 0 to day 30 after HEV inoculation.

Stool specimens (5 g) were mixed with 20 ml 1xPBS and
incubated at 4° C. for 1 hour. The mixture was centrifuged
at 1500 rpm for 10 minutes and the supernatant was col-
lected for immune capture.
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Preparation of Homogenized Suspension of Shellfish

Sixty-four shellfish specimens were collected from street
markets around Hong Kong and 17 were collected by the
Department of Environmental Protection.

Twenty grams of shellfish meat was blended thoroughly
and the homogenate was mixed with 100 ml 0.2 M glycine-
0.15 M NaCl buffer (pH 9.5) and 2 ml of stock solution of
Cat-Floc (1% w/v). The resulting mixture was vortexed and
incubated for 10 minutes at 4° C. The mixture was then
centrifuged at 1000 rpm for 5 minutes. The supernatant was
collected for immune capture.

HEV Particles Seeding

The bile containing HEV particles was collected from a
confirmed experimentally HEV-infected Macaque monkey
generously donated by Professor Zhuang Hui (Beijing Medi-
cal University). The bile was diluted 200 fold with 1% BSA
in PBS and this was referred to as stock solution. The stock
solution was diluted from 5° to 5° with five serial dilutions
and these were referred to as working solution. A 10 pl
aliquot of each of the working solutions was mixed with 5
ml of either water, stool supernatant or shellfish supernatant
to produce HEV-seeded specimens for 1C-RT-PCR and
direct RT-PCR comparison.

Ilmmune Capture

Antiserum, diluted 1:200 with 50 mM sodium carbonate/
sodium bicarbonate buffer (pH 9.6), was used as a coating
solution. Nunc-lmmuno paddle [Nunc, Denmark] was
coated by incubation with 1 ml of the coating solution in a
tube at 37° C. for 4 hours. The antisera was removed and
replaced by 1 ml 0f 2% bovine serum albumin (BSA) in PBS
in which the paddle was incubated at 37° C. for 1 hour. The
paddle was then washed with 0.05% Tween®,, in PBS and
transferred into a tube for immune capture. Shellfish sus-
pension or 20% stool suspension (4.5 ml) was added to the
tube and the tube was gently shaken overnight at 4° C. The
paddle, referred to as immuno-paddle, was then washed 3
times with 0.05% Tween®,, in PBS and transferred to a
microcentrifuge tube for RNA extraction and nested RT-
PCR for detection of HEY RNA.

Extraction of Viral RNA

RNAse-free water (140 ul) and AVL buffer (560 pl) was
added to the tube containing the immuno-paddle. The viral
RNA was then extracted according to the instructions of the
“QlAgen Viral RNA Handbook™. Afterwards, Yo volume 2
M sodium acetate (pH 4.6) and 1 volume isopropanol was
added to the purified RNA. The mixture was vortexed, left
to stand at =20° C. for 1 hour and then centrifuged at 14,000
rpm at 4° C. for 15 minutes. The pellet was rinsed once with
pre-cooled 70% ethanol. After centrifugation, the ethanol
was carefully removed and the pellet was air-dried at room
temperature for 15 minutes before it was reverse transcribed
to specific cDNA.

Reverse Transcription (RT) and Nest PCR

Primers used for RT and PCR are listed in Table 9. The
outer primer pair was ASF and A3R and the inner primer pair
was B5F and B3R.

RT-PCR: Each RNA pellet was mixed with 20 pl of RT
master mixture (4 pl 5xRT buffer [Boeringer Mannheim],
1.6l 2.5 mM dNTP, 0.2 ul of 25 U/ul Avian Myeloblastosis
Virus (AMV) [Boeringer Mannheim], 0.625 ul of 40 U/ul
RNAsin [Boeringer Mannheim], 1 pl of 150 ng/ul reverse
primer (A3) and 12.6 ul RNAse-free water). After 1 hour
incubation at 42° C., cDNA (5 pl) was added to 45 ul PCR
master mixture (5 Wl 10xTaq buffer [Boeringer Mannheim],
4 ul of 2.5 mM dNTP mixture, 1.0 pl of forward and reverse
primer (150 ng/ul) (A3 and AS), 1 ul of 1 U/ul Taq DNA
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polymerase [Boeringer Mannheim] and 33 pl ultrapure
water). The PCR mixture was overlaid with 50 ul mineral
oil. The amplification was carried out in a DNA thermal
cycler 480 (Perkin-Elmer Cetus) with the following cycling
conditions: denaturation at 94° C. for 40 seconds; annealing
at 57° C. for 40 seconds; and extension at 72° C. for 1 minute
20 seconds. Processing was carried out for a total of 35
cycles followed by a final auto-extension at 72° C.

Nested PCR and amplicon detection: 2 pl of the first PCR
production was added to 48 pl of PCR master mixture which
contained the same composition as the first PCR except that
the primers were B3 and B5. 5 pl of the PCR product and a
50 bp DNA ladder [GibcoGRL] were loaded to 2% agarose
gel in TBE buffer and electrophoresed at 100 volts for 30
minutes. The gel was stained with 0.5 pg/ml ethidium
bromide for 15 minutes and then visualized under UV light.

Example 7

The Role of pE2 in HEV Protection

Animals

Wild monkeys, rhesus macaques, were quarantined for 1
month and then bled for a test of ALT and HEV antibodies.
The monkeys with ALT/AST over 60 or 1gG anti-HEV
positive were excluded from the study. The monkeys
recruited were divided into three groups, one test group and
one control group. Each group consisted of three animals.

Immunization

The test group was immunized by four weekly intra-
muscular doses, each containing 100 pg of purified pE2. The
first dose contained an equal volume of complete freund
adjuvant. Incomplete freund adjuvant was used in subse-
quent doses. The control animals received placebo made up
with the respective adjuvants. Serum specimens were
obtained weekly for determination of HEV antibodies.
When the specific antibodies were elicited to a satisfactory
level, the animals were then given an 1/'V booster. Both
groups of the animals were challenged two weeks after the
last immunization by intravenous injection of a 10° genome
equivalent dose of the homologous strain of HEV. The stool
specimens were collected every two days and peripheral
blood samples were taken weekly for five weeks after
infection. The plasma and peripheral mononuclear blood
cells (PMBC) were separated by ficoll-hypaque gradient
centrifugation (Kanof et al., 1998). Alanine amino trans-
ferase (ALT) levels were determined on freshly collected
serum samples in an autoanalyzer (Model 7170, HITACHI,
Japan). The plasma specimens were stored for the determi-
nation of HEV antibodies and the HEV genome.

Challenge of HEV Particles

Both groups of the animals were challenged two weeks
after the last immunization by intravenous injection of 10°
genome equivalent dose of the homologous strain of HEV.

Monitoring of Primates

The stool specimens were collected every 2 days and
peripheral blood samples were taken weekly for 5 weeks
after infection. The plasma and peripheral mononuclear
blood cells (PMBC) were separated by ficoll-hypque gradi-
ent centrifugation (Kanof et al., 1998). Alanine amino trans-
ferase (ALT) levels were determined on freshly collected
serum samples in an autoanalyzer (Model 7170, HITACHI,
Japan). The plasma specimens were stored for the determi-
nation of HEV antibodies and the HEV genome.
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The levels of HEV antibodies were determined by a
commercial HEV ELISA kit produced by Beijing Medical
University and also by an assay produced by coating micro-
titer plates with the purified pE2 peptide. Antibodies against
the purified viral peptides were detected by Western blotting
in which approximately 0.5 pg of pE2 or 100 pg of GE3 was
loaded on a 70 mm wide slab of 10% SDS-polyacrylamide
gel. After electrophoresis, the viral peptide was electro-
phoretically transblotted onto nitrocellulose membrane. The
membrane was shaken in 5% skim milk at 4° C. overnight
and cut into 2 mm strips for use. Horseradish perioxidase
conjugated Protein-A (BIO-RAD, USA) was used at the
dilution 1:2000 as the second antibody.

Viral RNA in PMBC and plasma was extracted using
QlAmp RNA blood mini-kit and QlAgen Viral RNA kit
(QIAGEN, Germany), respectively, according to the manu-
facture’s instructions. The purified viral RNA was reverse
transcribed and then amplified by nested PCR. The primer
used for reverse transcription was A3R. The outer primer
pair was ASF and A3R and the inner primer pair was BSF
and B3R (Table 9).

An immune capture method was used for the detection of
HEV in the stool specimens. Polystyrene paddles (Nunc-
Immuno paddles, Nunc, Denmark) were coated with 1 ml of
1:100 hyperimmune rabbit anti-pE2 serum at 37° C. for 4
hours. The coated paddle was blocked with 1 ml blocking
buffer (2% bovine serum albumin in PBS) at 37° C. for 1
hour. After washing with 0.05% Tween®,, in PBS, the
paddle was transferred into a tube containing 4.5 ml of 20%
stool suspension. The tube was gently shaken overnight at 4°
C. The paddle was then washed three times with 0.05%
Tween®, in PBS and placed in a clean tube for extraction of
RNA using QlAgen Viral RNA kit (QIAGEN, Germany).
The purified viral RNA was reverse-transcribed and ampli-
fied as previously described.

INDUSTRIAL APPLICABILITY

The highly immunoreactive viral peptide, pE2, cloned
from the genome of a Chinese strain of hepatitis E virus
(HEV), is extremely useful in the development of reliable
diagnostic methods and diagnostic assays for the detection
of HEV, as well as in the development of a vaccine com-
position and a vaccine method for the prevention of HEV in
humans.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 20

<210> SEQ ID NO 1

<211> LENGTH: 642

<212> TYPE: DNA

<213> ORGANISM: Hepatitis E virus

<220> FEATURE:

<221> NAME/KEY: CD$

<222> LOCATION: (l)..(642)

<400> SEQUENCE: 1

cag ctg ttc tac tect cgt cecc gtc gte tca gecc aat gge gag ceg act 48

Gln Leu Phe Tyr Ser Arg Pro Val Val Ser Ala Asn Gly Glu Pro Thr

1 5 10 15

gtt aag ctt tat aca tct gta gag aat gct cag cag gat aag ggt att 96

Val Lys Leu Tyr Thr Ser Val Glu Asn Ala Gln Gln Asp Lys Gly Ile

20 25 30
gca atc ccg cat gac atc gac ctc ggg gag tct cgt gta gtt att cag 144
Ala Ile Pro His Asp Ile Asp Leu Gly Glu Ser Arg Val Val Ile Gln
35 40 45
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-continued

48

gat
Asp

cca
Pro
65

tet
Ser

ggc
Gly

ggc
Gly

gat
Asp

gtc
Val
145

aaa
Lys

ctc

act
Thr

gcc
Ala

tat
Tyr
50

tecg
Ser

cte
Leu

cca
Pro

gcg
Ala

ggt
Gly
130

ctg
Leu

gce
Ala

gtt
Val

age
Ser

cce
Pro
210

gac
Asp

cge
Arg

acc
Thr

gtc
Val

cag
Gln
115

cgc
Arg

ceg
Pro

999
Gly

gag
Glu

ctg
Leu
195

cct
Pro

aac
Asn

cct
Pro

gct
Ala

tat
Tyr
100

gcc
Ala

cce
Pro

ctc
Leu

tac
Tyr

aat
Asn
180

ggt
Gly

ccg
Pro

caa
Gln

ttt
Phe

gcc
Ala
85

gtc
Val

gtt
Val

ctt
Leu

cgce
Arg

cct
Pro
165

gce

Ala

gct
Ala

cgc
Arg

<210> SEQ ID NO 2
<211> LENGTH: 213
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gln

1

Val

Ala

Asp

Pro

65

Ser

Gly

Gly

Asp

Leu

Lys

Ile

Tyr

50

Ser

Leu

Pro

Ala

Gly
130

Phe

Leu

Pro

Asp

Arg

Thr

val

Gln

115

Arg

Tyr

Tyr

20

His

Asn

Pro

Ala

Tyr

100

Ala

Pro

cat
His

tect
Ser
70

gag
Glu

tct
Ser

gce
Ala

tcc
Ser

ggt
Gly
150

tat
Tyr

gct
Ala

ggt
Gly

tag

gag
Glu
55

gtc
Val

tat
Tyr

gac
Asp

€99
Arg

acc
Thr
135

aag

Lys

aat
Asn

999
Gly

cece
Pro

Hepatitis E

2

Ser

Thr

Asp

Gln

Phe

Ala

85

Val

Val

Leu

Arg

Ser

Ile

His

Ser

Glu

Ser

Ala

Ser

Pro

Val

Asp

Glu

55

Val

Tyr

Asp

Arg

Thr
135

cag
Gln

cte
Leu

gac
Asp

tet
Ser

tca
Ser
120

atc
Ile

cte
Leu

tat
Tyr

cat
His

gte
Val
200

gac
Asp

cga
Arg

cag
Gln

gtg
Val
105

cte
Leu

cag
Gln

tecc
Ser

aac
Asn

cgg
Arg
185

tet
Ser

virus

Val

Glu

Leu

40

Gln

Leu

Asp

Ser

Ser

120

Ile

Val

Asn

25

Gly

Asp

Arg

Gln

val

105

Leu

Gln

cga
Arg

gct
Ala

tcc
Ser
90

acc
Thr

gac
Asp

cag
Gln

ttt
Phe

acc
Thr
170

gtt
val

att
Ile

Ser

10

Ala

Glu

Arg

Ala

Ser

90

Thr

Asp

Gln

ceg
Pro

aat
Asn
75

act

Thr

ttg
Leu

tag
Trp

tat
Tyr

tgg
Trp
155

act

Thr

gct
Ala

tee
Ser

Ala

Gln

Ser

Pro

Asn

75

Thr

Leu

Trp

Tyr

aca
Thr
60

gat
Asp

tac
Tyr

gtt
Val

ace
Thr

tca
Ser
140

gag
Glu

gct
Ala

att
Ile

gcg
Ala

Asn

Gln

Arg

Thr

60

Asp

Tyr

val

Thr

Ser
140

cct
Pro

gtg
Val

g9c
Gly

aat
Asn

aag
Lys
125

aag

Lys

gca
Ala

agt
Ser

tce
Ser

gtt
Val
205

Gly

Asp

Val

Pro

Val

Gly

Asn

Lys

125

Lys

tce
Ser

ctt
Leu

tect
Ser

gtt
Vval
110
gtc
Val

acc
Thr

ggt
Gly

gac
Asp

act
Thr
190

gct
Ala

Glu

Lys

30

Val

Ser

Leu

Ser

val

110

Val

Thr

cca
Pro

tgg
Trp

teg
Ser
95

gcg
Ala

aca
Thr

ttc
Phe

act
Thr

caa
Gln
175

tac

Tyr

gtt
Val

Pro

15

Gly

Ile

Pro

Trp

Ser

95

Ala

Thr

Phe

gce
Ala

ctt
Leu
80

acc

Thr

acc
Thr

ctt
Leu

ttt
Phe

act
Thr
160

ctg

Leu

acc
Thr

tta
Leu

Thr

Ile

Gln

Ala

Leu

80

Thr

Thr

Leu

Phe

192

336

384

432

480

528
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val

145

Lys

Leu

Thr

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Leu

Ala

Val

Ser

Pro
210

Pro

Gly

Glu

Leu

195

Pro

Leu Arg Gly Lys Leu
150

Tyr Pro Tyr Asn Tyr

165

Asn Ala Ala Gly His

180

Gly Ala Gly Pro Val

Pro Arg

SEQ ID NO 3
LENGTH: 34
TYPE: DNA

ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: Cloning Primer ORF2Rc

SEQUENCE: 3

200

Ser Phe Trp
155

Asn Thr Thr
170

Arg Val Ala
185

Ser Ile Ser

ggcgaatcce tagcgcggag ggggggctaa aaca

<210> SEQ ID NO 4
<211> LENGTH: 2054
<212> TYPE: DNA

<213> ORGANISM: Hepatitis E virus

<400> SEQUENCE: 4

atgecgececete

ccegeceggte

ttctggggtyg

cceottegece

cgaccactcg

agacctacca

ccagtgeetyg

tcteeectta

agcccacttce

aattatgccc

gctgttggtyg

teegttgaca

gcctccgage

gttgagacct

catggctcac

gactttgece

tecegttact

cttaccacca

gtcggtgaga

ggcggtctac

gtcgtetecag

caggataagqg

ggcctatttt
agcegtetgg
accgggttga
ccgatgtcac
gctcegettg
cagetgggge
atgttgacte
cttctteegt
tacccctceca
agtaccgggt
gctacgecat
tgaattcaat
ttgttatcce
ccggggtgge
ctgtaaattc
tcgaacttga
ccageactge
cggctgctac
tcggecgtgg
cgacagaatt
ccaatggcga

gtattgcaat

gctgttgete
cegecgtegt
ttctcagece
cgctgeggece
gcgtgaccag
cgegecgeta
cegeggegee
ggccaccggt
ggacggcacc
tgctecgtgece
ctccatcteg
aacctegacy
aagtgagcgc
ggaggaggag
ttatactaat
gttccgeaac
cegtecacege
ccgcetteatg
gatagcgett
gatttcgteg
gccgactgtt

ccegeatgac

ctcatgttte
gggcggegea
ttcgcaatcc
ggggctggac
gcccagcgcee
accgeggteg
atcetgegee
acaaacttgg
aatactcata
acaattcgct
ttetggecac
gatgttegta
gtacactacc
gccacctectg
acaccttata
ctcaccceeg
cttegtegeg
aaggacctct
accctgttta
gctggtggee
aagctttata

atcgaccteg

Glu Ala Gly Thr Thr

160

Ala Ser Asp Gln Leu

175

Ile Ser Thr Tyr Thr

190

Ala Val Ala Val Leu

205

tgcetatget
geggeggtte
cctatattca
ctcgtgtteg
ccgecgttge
ctceggecca
ggcagtataa
ttctatacge
taatggccac
accgcccget
agaccaccac
ttttagteca
gtaaccaagg
gtcttgttat
ccggtgeect
gtaataccaa
gtgcagatgg
attttactag
accttgctga
agctgttcta

catctgtaga

gggagtcteqg

gccogogeca
cggeggtygt
teccaaccaac
ccaacccgcc
ctcacgtegt
tgacaccccg
cctatcaaca
cgcteectett
agaagcttct
ggtccccaac
caccccgacg
geccggeata
ttggcgetet
gctctgcata
cgggctgttg
cacgcgggte
gactgcegag
tactaatggt
caccctgett
ctctegtecce
gaatgctcag

tgtagttatt

34

60

120

180

240

300

360

420

480

1020

1080

1140

1200

1260

1320
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-continued

caggattatg acaaccaaca tgagcaggac cgaccgacac cttccccagc cccatcgege 1380
cctttttetg tcctccgage taatgatgtg ctttggettt ctectcaccge tgccgagtat 1440
gaccagtcca cttacggetc ttecgaccgge ccagtetatg tctetgacte tgtgaccttg 1500
gttaatgttg cgaccggege gecaggecgtt geceggteac tegactggac caaggtcaca 1560
cttgatggte gecccecttte caccatcaag cagtattcaa agaccttett tgtcctgecg 1620
ctocogeggta ageotcteoctt ttgggaggca ggtactacta aagecgggta cccttataat 1680
tataacacca ctgctagtga ccaactgctc gttgagaatg ccgectgggca tcgggttget 1740
atttccactt acaccactag cctgggtget ggtccegtet ctatttecege ggttgotgtt 1800
ttagcccece actcegeget ageattgett gaggatacca tggactacece tgeeccgegec 1860
catactttcg atgacttetg ccecggagtge cgeccececttg gectecaggg ctgtgetttt 1920
cagtctactg tcgctgaget tcagcgcctt aagatgaagg tgggtaaaac tcgggagtta 1980
tagtttattt gcttgtgccce cccocttettte tgttgettat ttctetttte tgegtteege 2040
gctcectgaa aaaa 2054
<210> SEQ ID NO 5
<211> LENGTH: 370
<212> TYPE: DNA
<213> ORGANISM: Hepatitis E virus
<400> SEQUENCE: 5
tgaataacat gtcttttget gcgecccatgg gttegegace atgegeccte ggectatttt 60
gctgttgete ctecatgttte tgectatget gccegegecca cegeccggte ageegtetgg 120
ccgccgtegt gggcggegca geggeggtte cggeggtggt ttectggggtg accgggttga 180
ttctcagece ttocgcaatcc cctatattca tccaaccaac ceccttegecce cgatgtcacce 240
gctgeggeeg gggctggacce tcgtgttege caacccgcce gaccactcgg cteccgettgg 300
cgtgaccagg cccagcgecce cgccgttgece tcacgtcgta gacctaccac agcectggggec 360
gcgeecgetaa 370
<210> SEQ ID NO 6
<211> LENGTH: 114
<212> TYPE: DNA
<213> ORGANISM: Hepatitis E virus
<220> FEATURE:
<221> NAME/KEY: CDS
<222> LOCATION: (1)..(114)
<400> SEQUENCE: 6
gac ctc gtg ttc gcc aac ccg ccc gac cac tcg gect ccg ctt gge gtg 48
Asp Leu Val Phe Ala Asn Pro Pro Asp His Ser Ala Pro Leu Gly Val
1 5 10 15
acc agg ccc agc gcc ccg ccg ttg cct cac gtc gta gac cta cca cag 96
Thr Arg Pro Ser Ala Pro Pro Leu Pro His Val Val Asp Leu Pro Gln

20 25 30
ety ggg ceg cge cge taa 114
Leu Gly Pro Arg Arg

35

<210> SEQ ID NO 7
<211> LENGTH: 37

<212> TYPE:

PRT

<213> ORGANISM: Hepatitis E virus

<400> SEQUENCE: 7



US 7,204,989 Bl
53 54

-continued

Asp Leu Val Phe Ala Asn Pro Pro Asp His Ser Ala Pro Leu Gly Val

1 5

10 15

Thr Arg Pro Ser Ala Pro Pro Leu Pro His Val Val Asp Leu Pro Gln

20

Leu Gly Pro Arg Arg
35

<210> SEQ ID NO 8
<211> LENGTH: 22
<212> TYPE: DNA

25 30

<213> ORGANISM: Artificial

«220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 8
cggggagtca acatcaggca ct
<210> SEQ ID NO 9

<211> LENGTH: 24
«212> TYPE: DNA

RT Primer E3R

22

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 9

RT Primer ESR

aagcaaataa actataactc ccga 24

<210> SEQ ID NO 10
«211> LENGTH: 34
<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 10

Cloning Primer ORF2F

gctggatcce agectgttecta ctectegtccee gteg 34

<210> SEQ ID NO 11
<211> LENGTH: 30
<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 11

Cloning Primer ORFZ2Ra

ggcgaattce aaataaacta taactcccga 30

<210> SEQ ID NO 12
<211> LENGTH: 30
<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 12

Cloning Primer ORF3F

ccegggatecy acctegtgtt cgecaacecey 30

<210> SEQ ID NO 13
<211> LENGTH: 31
<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:
<223> OTHER INFORMATION:

<400> SEQUENCE: 13

Cloning Primer ORF3R
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caggaattcc ttagcggege ggccccagct g 31

<210> SEQ ID NO 14

«<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer A3R

<400> SEQUENCE: 14

ggctcaccgg agtgtttett c 21

<210> SEQ ID NO 15

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer ASF

<400> SEQUENCE: 15

ctttgatgac accgtcttet cg 22

<210> SEQ ID NO 16

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer B3R

<400> SEQUENCE: 16

gtgtttette caaaacccte ge 22
<210> SEQ ID NO 17

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer B5F

<400> SEQUENCE: 17

gccgecagcaa aggcatccat g 21
<210> SEQ ID NO 18

<211> LENGTH: 213

<212> TYPE: PRT

<213> ORGANISM: Hepatitis E virus

<400> SEQUENCE: 18

Gln Leu Phe Tyr Ser Arg Pro Val Val Ser Ala Asn Gly Glu Pro Thr
1 5 10 15

Val Lys Leu Tyr Thr Ser Val Glu Asn Ala Gln Gln Asp Lys Gly Ile
20 25 30

Ala Ile Pro His Asp Ile Asp Leu Gly Glu Ser Arg Val Val Ile Gln
35 40 45

Asp Tyr Asp Asn Gln His Glu Gln Asp Arg Pro Thr Pro Ser Pro Ala
50 55 60

Pro Ser Arg Pro Phe Ser Val Leu Arg Ala Asn Asp Val Leu Trp Leu
65 70 75 80

Ser Leu Thr Ala Ala Glu Tyr Asp Gln Ser Thr Tyr Gly Ser Ser Thr

Gly Pro Val Tyr Val Ser Asp Ser Val Thr Leu Val Asn Val Ala Thr
100 105 110



US 7,204,989 Bl

-continued
Gly Ala Gln Ala Val Ala Arg Ser Leu Asp Trp Thr Lys Val Thr Leu
115 120 125
Asp Gly Arg Pro Leu Ser Thr Ile Gln Gln Tyr Ser Lys Thr Phe Phe
130 135 140
Val Leu Pro Leu Arg Gly Lys Leu Ser Phe Trp Glu Ala Gly Thr Thr
145 150 155 160
Lys Ala Gly Tyr Pro Tyr Asn Tyr Asn Thr Thr Ala Ser Asp Gln Leu
165 170 175
Leu Val Glu Asn Ala Ala Gly His Arg Val Ala Ile Ser Thr Tyr Thr
180 185 190
Thr Ser Leu Gly Ala Gly Pro Val Ser Ile Ser Ala Val Ala Val Leu
195 200 205
Ala Pro Pro Pro Arg
210
<210> SEQ ID NO 19
<211> LENGTH: 34
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Cloning Primer ORF2Rb
<400> SEQUENCE: 19

ggcgaattcg gggggctaaa acagcaaccg cgga

«210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 20

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: pGEX20 Multiple Cloning Sit
<400>

SEQUENCE: 20

ccgegtggat ccgaaattcc tcgagatcga ttag

e

34

34

The invention claimed is:

1. A purified and isolated peptide, pE2, consisting of the
amino acid sequence identified by SEQ ID NO: 2, wherein
the peptide is present as a homodimer thereof.

2. A recombinant fusion protein comprising a heterolo-
gous amino acid sequence fused to the peptide pE2 as
defined in claim 1.

3. A recombinant fusion protein according to claim 2,
characterized in that the heterologous amino acid sequence
codes for glutathione S-transferase.

4. A method for producing a purified antibody against the
pE2 peptide, as defined in claim 1, comprising injecting into
a non-human mammalian host, an imnnologically effec-
tive amount of the pE2 peptide, and isolating and purifying
the antibody produced.

5. A vaccine composition for immunizing an individual
against infection from hepatitis E virus (HEV) comprising
the pE2 peptide, as defined in claim 1. and a pharmacologi-
cally acceptable carrier.

6. A method for immunizing an individual against infec-
tion from hepatitis E virus, which comprises steps of admin-
istration of a vaccine composition as defined in claim 5 into
subject in need.

7. A method for determining the presence or absence of
HEV antibodies in a biological test saniple, comprising:

40

45

50

60

65

providing a purified and isolated peptide, pE2 according
to claim 1;

contacting the biological test sample suspected of con-
taining HEV antibodies with said pE2 peptide;

incubating the resultant mixture under conditions suffi-
cient to allow the formation of an immunological
(antibody-antigen) complex; and

examining the mixture for the presence of such an immu-
nological complex, whereby the formation of the com-
plex indicates the presence of HEV antibodies in the
test sample.

8. A method according to claim 7, characterized in that the
biological test sample is human blood, serum or plasma.

9. A method according to claim 7, characterized in that the
presence of the immunological complex is determined fol-
lowing incubation with an indicator reagent under condi-
tions permitting a reaction to occur.

10. A method according to claim 9, characterized in that
the indicator reagent is a mammalian anti-human immuno-
globulin attached to an enzyme which reacts with a substrate
to form a colored product.

11. A diagnostic test kit for the detection of antibodies to
hepatitis E virus (HEV), comprising:

a purified and isolated peptide, pE2, according to claim 1;

and
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an indicator reagent capable of detecting an immunologi- 15. A diagnostic test kit for the detection of antibodies to
cal (antigenantibody) complex which contains said pE2 hepatitis E virus (HEV), comprising:
peptide. a purified and isolated peptide, pE2, comprising the amino
12. A diagnostic test kit according to claim 11, which acid sequence identified by SEQ ID NO: 2, wherein the
further comprises:—control standards; and 5 peptide is present as a homodimer;
a specimen diluent and/or washing buffer. an indicator reagent capable of detecting an immunologi-
13. A diagnostic test kit according to claim 11, charac- cal (antigen-antibody) complex which contains the pE2
terized in that said peptide, pE2, is immobilized to a solid peptide, and at least one of the following:

a) a solid support immobilizing the pE2 peptide; and
10 b) a well of a titration microplate containing the pE2
peptide.

support.

14. A diagnostic test kit according to claim 13, charac-
terized in that the solid support is the well of a titration
microplate. A
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