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HEPATITIS E VIRUS The present invention relates generally to molecules such
as peptides) polypeptides and proteins which carry epitopes and in
particular B cell epitopes from antigenic proteins encoded by Hepatitis E
Virus. These molecules are preferentially immunoreactive to convalescent or
acute phase circulating antibodies to the Hepatitis E Virus and are useful
in the development of diagnostic, therapeutic and prophylactic agents for
Hepatitis E Virus. Bibliographic details of the publications referred to by
author in this specification are collected at the end of the description.
Sequence Identity Numbers (SEQ ID NOs.) for the nucleotide and amino acid
sequences referred to in the specification are defined following the
bibliography. Throughout this specification, unless the context requires
otherwise) the word "comprise") or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated element
or integer or group of elements or integers but not the exclusion of any
other element or integer or group of elements or integers. Viral hepatitis
results from infection with one of at least five very different viral
agents. Available serological tests allow the diagnosis of acute hepatitis
due to infection with Hepatitis A Virus (HAV) and Hepatitis B Virus (HBV).
HBV is required for propagation of the delta agent, or Hepatitis D Virus
(HDV); this co-infection results in a high proportion of cases progressing
to chronic active hepatitis. The clinical and diagnostic exclusion of HAV
and HBV has led to the recognition of other hepatitides that were formerly
grouped together as non-A, non-B hepatitis [(NANBH)] (Prince et al., 1974;
Feinstone et al.) 1975; Tabor, 1985). NANBH is caused by more than one
viral agent and can be transmitted by either parenteral or fecal/oral
routes (Bradley, 1990a; Reyes and Baroudy, 1991). The cloning of a
blood-borne agent) termed Hepatitis C Virus (HCV), led to the development
of a specific assay for circulating antibody to HCV (Choo et al.) 1989; Kuo
2 et al., l989; Kubo et al., 1989, Maeno et al.) 1990). This assay
predominantly detects infections at the chronic stage) but has facilitated
the identification of HCV as the cause of up to 90% of parenterally
transmitted NANBH. A second epidemiologically distinct form of NANBH has
been shown to occur in both epidemic and sporadic patterns in developing
countries and is referred to as enterically transmitted non-A) non-B
hepatitis (ET-NANBH) due to its water-borne mode of virus transmission and
presumed enteric route of infection (Khuroo) I 980; Wong et al., 1980).
ET-NANBH has been documented in India, Pakistan) Burma, USSR, Costa Rica,
Mexico and countries in Africa where epidemic outbreaks can generally be
traced to fecal contamination of drinking water (Bradley and hiaynard,
I986; Bradley, 1990b). The causative viral agent was previously shown to
passage successfully in cynomolgus macaques (cyno) and tamarins with
typical liver enzyme elevations and recovery of morphologically similar 27
to 34 mm virus like particles from the feces of clinical specimens and
experimental animals (Balayan et al., 1983; Andiaparidze et al., 1986;
Bradley et al.) 1987; Arankalle et al., 1988).. Reyes et al. (1990)
recently reported the isolation of a partial cDNA clone from the virus
responsible for ET-NANBH, and termed the newly identified agent the
Hepatitis E Virus (I-~V). The expressions "enterically transmitted non-A,
non-B hepatitis", "ETNANBH", "Hepatitis E Virus" and "HEV" are used
interchangeably herein to refer to a virus or type of virus which is
capable of causing infectious hepatitis tom contaminated water) which is
transmissible and capable of passage in cynomologus macaques and '
tramarins, which is serologicaIly distinct from HAV) HBV, HCV and HDV and
which comprises a genomic nucleotide sequence, a portion of which, at least
is homologous to or substantially similar to or capable of hybridizing
under low stringency conditions to the all or part of the nucleotide
sequences set forth in Figure 1 and/or Figure 2. Preferred homologies and a
definition of stringency conditions are set forth below. The HEV clone was
from a Burma isolate of the virus and hybridised with cDNA made from five
other distinct geographic isolates. These molecular epidemiological
findings are consistent with the available serologic data based on the use
of immune electron microscopy and immunofluorescence blocking studies that
indicate a single major agent is responsible for the majority of ET-NANBH
seen worldwide (Purcell and   3 Ticehurst) 1988; Bradley et al. 1988a;
Krawczynski and Bradley, 1989). Tam et al. ( 1991 ) subsequently reported
on the molecular cloning of the complete HEV (Burma; B) viral clone
together with the deduced amino acid sequences. HEV has a single stranded
genome of polyadenylated RNA of positive polarity which encodes three open
reading frames (ORF's) desi gnated ORF 1, ORF2 and ORF3. Open reading frame
2 and ORF3 are partially overlapping in different reading frames and are
thought to encode structural proteins of the virus. Open reading frame 1,
on the other hand, encodes replicative proteins and overlaps ORF3 by one
nucleotide. Despite the availability of immunoassays for the detection of
antibodies to some strains of HEV, it has been observed that IgM and IgG
antibody titres wane rapidly following infection. Consequently, it has
proven difficult to interpret serological surveys from both endemic and
non-endemic areas. Furthermore, the relationship between antibody
interactivity and immunity to reinfection remain: unclear. These and other
factors have delayed the development of suitable dsagnostic and therapeutic
protocols for the HEV, for which a raced clearly exists. In particular, it
would be most beneficial to develop an assay which could distinguish
between acute phase antibodies (contemporary antibodies) generated in
response to HEV infection and convalescent phase antibodies, which remain
in the circulatory and/or secretory system after infection and may
contribute to immunity to reinfection. In work leading up to the present
invention, the inventors sought to identify epitoges, and in particular B
cell epitopes, on peptides) polypeptides and proteins encoded within the
HEV genome in order to improve upon current diagnostic procedures and to
further develop therapeutic and prophylactic compositions for HEV. In
accordance with the present invention, peptides, polypeptides and proteins,
were recombinantly expressed from nucleic acid molecules derived from ORFs
in the HEV genome. The epitopic and in particular B cell epitopic regions
within these molecules were identified on the basis of interactivity to
antibodies specific to HEV) thereby forming the basis for a new range of
diagnostic, therapeutic and prophylactic procedures for HEV. Interestingly)
the inventors have determined that one portion of a molecule encoded by an
ORF may inhibit   4 Substitute Sheet - 6 January 2003 forming the basis for
a new range of diagnostic, therapeutic and prophylactic procedures for HIV.
W terestingly, the inventors have determined that one portion of a molecule
encoded by an ORF may inhibit or otherwise reduce the inztnunointeractivity
of another portion of the same molecule. They have further detezmined that
the inhibitory effect may be overcome by usinb non-full length molecules or
reducing the izthibitory effect by physical or chemical processes.
Accordingly, one aspect of the present invention provides a recombinant
molecule encoded by a sequence of nucleotides selected from the list
consistinb of open reading frame (ORF) ? and OI:ZF 3 of Hepatitis E Vines
(HEV) oz a mutant or derivative of said O1ZF2 oz ORF3. \ilore particularly,
the present invention prow ides a recombinant molecule encoded by a
sequence of nucleotides comprising "ORF3" or a part of "ORF2" and which
tn,olecule is preferentiahy immunologically interactive in either
convalesee;nt phase or acute phase antibodies to HEV are conveniently
described respectively as those regions of the HCV gcnome begiruzing at
nucleotide ~ 106 extending 369 bases and tezminatin' at nucleotide 5474
(ORF3) and that region beginning at nucleotide 5147 extending 1930 bases
and terminating 6S bases upstream of the poly(A) tail (ORF2) using the
ntunbering system of Tam et al. (199l ). In a particularly preferred
embodiment, the present invention is directed to a recombinant polypeptide
encoded by a nucleotide s~qt~ence selected from the list consisting of
clone.2.0 (SEQ ID NO:15), clone 2.1 (SEQ ID N0:17), clone 2.2 (S EQ ZD 1\
O:19), clone 2.3 (SEQ ID N0:21) and clone 2.4 (SFQ ID N0:23) of Hepatitis E
Virus (IdLV) as depicted in Fitittre S or encoded by a nucleotide sequence
capable of hybridizing ttnde,r low stringency conditions at 42=C to a
nucleotide sequence selected from clone 2.0, clone 2,1, clone 2.2, clone
2.3 and clone 2.4 of HEV as depicted in Figure 5. The term "recombinant
molecule" in this context includes a peptide, polypeptide, protein or a
chemical equivalent thereof. The recombinant molecule may or may not be
glycosylated. A recombinant molecule also ea~tends to a fusion between an
IlEV derived peptide, polypeptide or protein and a peptide, polypeptide or
protean of non-HEV origin such as but not limited to
glutathionc-S-transferase (GST) or its derivatives, polylysine,
polyhistidine, thiorcdo~.in or any other molecule capable of bioaffinity
chromatography.   5 Substitute Sheet - 6 January 2003 In accordance with
the preseztt invention, it has been surprisingly discovered that
recombinant molecules encoded by OltF2 and in particular the 3 ` end of
O1ZF2 and OP~F3 are capable of interacting with convalescent phase
antibodies to I-iEV whereas rccumbznant molecules encoded by the S' end of
ORF2 are interactive more preferentially with acute phase antibodies
generated to the virus particle per se. According to this aspect of the
present invention, there is provided a recombinant peptide or polypeptide
which is preferentially immunoloeically reactive with convalescent phase
antibodies ?enerated during HEV infection. ha a related aspect of the
present invention, there is provided a recombinant peptide or polypcptide
which is preferentially ixnmunoloaically interactive with acute phase
antibodies generated dLUing lf-iEV infection. As used herein, the 3' end of
an ORT' (e.g. ORF2) is considered the carboxy (C)terminal end portion of
the molecule encoded by the O1ZF and the 5' end is considered the amino
(~-terminal end portion. More particularly, it has further been
surprisingly discovered that the 5' (i.e. the Nteiminal) end portion of
ORF2 exhibits heater immunointeractivity to acute phase antibodies to HEV
and the 3' (i.e. C-terminal) end portion of O1ZF2 exhibits gzeater
immunointeractivity to convalescent phase antibodies to HEV, when present
on the same molecule, however, the Nterminal end portion appears to inhibit
or reduce the immunointeractivty of the C-terminal end portion.
Accordingly, another aspect of the present invention contemplates a
recombinant molecule encoded by a sequence of nucleotides comprising O~RF3
or a non-full lena h ORh2 derived from the 3' end of ORF2 of HEV and
wherein said recombinant molecule is preferentially interactive with
convalescent phase antibodies to HEV. Tn a related aspect there is provided
a recombinant molecule encoded by a sequence of nucleotides comprising a
non-full length ORF2 derived from the ~' end of ORF2 of HEV and wherein
said rccombinvit molecule is preferentially interactive with acute phase
antibodies to HEV. In one embodiment the sequence of nucleotides is from
the 5' end of ORF2 and encodes   



5a Substitute Sheet - 6 January 2003 ~ n101eCtlle nl0re lnLet'3Ctive with
acutE phase antibodies rClativC ~o convalc;scent phase antibodies. In
another embodiment, the nucleotide sequence is from ORF3 or the 3' end of
ORF2 and encodes a txtolecule zz~oze izttezactiwe with convalescent phase
antibodies relative to acute phase antibodies. The preferred nucleotide
sequence of the   6 treatments to expose epitopes, for example by
denaturing followed by renaturing of the molecule or the use of antagonists
to prevent the inhibition of, for example, the Nterminal end portion over
the C-terminal end portion binding to HEV antibodies. "Acute and
"convalescent" phases are used in their broadest sense to mean respectively
the period during infection (acute) and the period beginning from after the
peak of infection extending through a convalescent period to a period post
infection. The acute phase of infection can conveniently be considered) for
example, to be approximately 3 to 6 months following exposure to I3EV and
the convalescent phase is generally after this period. Yet another aspect
of the present invention is directed to a recombinant polypeptide
comprising first and second amino acid sequences wherein said first amino
acid sequence is encoded by a nucleotide sequence selected from or within
ORF2 aid ORF 3 of ITV and wherein said second amino acid sequence is a
non-HEV encoded peptide, polygeptide or protein such as but not exclusively
GST. Preferably) the first amino acid sequence is encoded by ORF3 or the 3'
end of ORF2 and is interactive with convalescent phase antibodies to HEV.
Alternatively) the first amino acid sequence is from the 5' end portion of
ORF2 and is preferably interactive with acute phase antibodies to HEV. The
presence of selectively or preferentially immunologically reactive antigens
provides a means of distinguishing between past (convalescent) and acute
(contemporary) phase infection with HEV. Accordingly) the present invention
also extends to a method for distinguishing between convalescent and acute
phase infection with HEV in an individual which method measures the
reactivity of scrum to immune interactive recombinant molecule encoded by
ORF2 and/or ORF3 or more preferably parts thereof. Most preferably, these
parts include the 3' end portion of ORF2 or the 5' end portion of ORF2 or
is a chemically modified form of a full length molecule such as to expose
epitopes on both the N- and C- termini.   The present invention also
provides an isolated nucleic acid molecule such as DNA or cDNA molecule
comprising a sequence of nucleotides encoding or complementary to a
sequence encoding a peptide, polypeptide or protein interactive with acute
phase antibodies to HEV. In an alternative embodiment, the peptide,
polypeptide or protein is interactive with bath convalescent and/or acute
phase circulating antibodies to I-iEV. Accordingly, this aspect of the
present invention provides a recombinant molecule carrying a B cell epitope
of a polypeptide or protein encoded by ORF2 or ORF3 or more preferably a
part thereof. More particularly) the sequence of nucleotides is selected
from a sequence comprising or within nucleotides 6326 to 7129 (ORFZ) and
5106 to 5474 (ORF3) in the HEV genome using the nucleotide numbering system
of Tam et al ( 199I ) or a nucleotide region substantially equivalent
thereto. Preferably, the nucleotide sequence is operabIy linked to an
expression control sequence such as in the form of an expression vector.
The : ecombinant molecule according to this aspect of the present invention
is generally an isolated nucleic acid molecule comprising DNA (eg cDNA or
genomic DNA) or mRNA. The recombinant molecule may be isolated directly
from the HEV genome or may be generated in vitro by, for example, the
stepwise addition of nucleotides or groups of nucleotides. The present
invention furthar extends to a host cell such as bacterium, yeast,
mammalian or insect cell transformed with such a recombinant molecule. A
preferred mammalian cell is the Chinese Hamster Ovary (CHO) cell line. ` A
preferred bacterium is E. coli. Preferably, the nucleic acid molecules are
DNA) at least parts of which have a nucleotide sequence substantially
corresponding to a11 or part of the nucleotide sequence shown in Figures 1
(SEQ ID N0: 1) or 2 (SEQ ID N0: 3) or a part, fragment, derivative,
homologue or analogue thereof or one or more sequences complementary
thereto. The present invention, however also extends to any single or
multiple nucleotide substitutions, deletions and/or additions to the
sequence shown in Figures 1 or 2 and which still encode an epitopic region
of the HEV genome or fragment or derivative thereof having the requisite
antigenic profile and interactive with antibodies to HEV. Most preferably,
the nucleotide sequence encode either the 3' end of ORF2 or the 5' end of
ORF2 such that the nucleotide sequence encodes a peptide or polypeptide
which interacts preferably with convalescent phase antibodies or acute
phase antibodies,   8 respectively. Furthermore, when the nucleic acid
molecule is RNA, the ribonucleotide sequence will) in a preferred
embodiment, be substantially complementary to one or more of the nucleotide
sequences shown in Figures 1 or 2 a part, fragment, derivative, homologue
or analogue thereof. Another aspect of this invention is directed to a
synthetic (e.g. recombinant) peptide, polypeptide or protein which is
immunologically interactive with convalescent phase antibodies generating
during HEV infection. Furthermore, the invention is further directed to a
synthetic (eg: recombinant) peptide, polypeptide or protein which is
immunologically interactive with acute and convalescent circulating
antibodies generated during HEV infection. Such synthetic peptides,
polypeptides or proteins may, for example, be prepared by recombinant means
such as by the expression of a host cell transformed with the recombinant
molecules described above. The peptide, polypeptide or protein may be fused
to another peptide, polypeptide or protein. Alternatively, it may be
prepared by chemical synthesis, such as by the Merrifield solid-phase
synthesis procedure. Furthermore, although synthetic or fragments thereof
represent a preferred embodiment, the present invention also extends to
biologically pure preparations of the naturally occurring epitopes or their
fragments. By "biologically port" is meant a preparation of at least 60%,
preferably at least 70%, more preferably at least 80% and still more
preferably at least 90% by weight peptide) polypeptide or protein. Another
aspect of the present invention contemplates a peptide, polypeptide or
protein carrying a B cell epitope interactive with antibodies to HEV, said
peptide, polypeptide or protein being encoded by a sequence of nucleotides
capable of hybridising under low stringency conditions to one or more
regions of the nucleotide sequence set forth in Figure 1 (SEQ ID N0: 1) or
2 (SEQ ID N0: 3). More particularly) one aspect of this embodiment is
directed to a nucleic acid molecule comprising a sequence of nucleotides
which:   9 (i) encodes a peptide, polypeptide or protein interactive with
acute andlor convalescent phase antibodies to HEV; and (ii) is capable of
hybridizing under low stringency conditions to all or part of the
nucleotide sequence set forth in Figure 1 (SEQ ID N0: 1) under low
stringency conditions. In a related aspect, the nucleotide sequence encodes
a peptide, poIypeptide or protein interactive with acute phase antibodies
and is capable of hybridizing under low stringency conditions to all or
part of the nucleotide sequence set forth in Figure 1 or Figure 2. In a
preferred embodiment, the nucleotide sequence is capable of hybridizing to
the 5' end of ORF2 and encodes a molecule capable of preferential
interaction with acute phase antibodies to HEV. Most preferably) the
nucleotide sequence is sequence 2.3 or 2.4 of Figure 5. Another aspect of
this embodiment of the present invention provides a recombinant peptide,
polypeptide or protein encoded by a nucleotide sequence capable of
hybridizing under low stringency conditions to all or part of the
nucleotide sequence set forth in Figure 1 (SEQ ID N0: 1) or Figure 2 (SEQ
ID N0: 3). This aspect of the present invention includes recombinant or
synthetic forms of natura.Ily occurring groteins encoded by the
aforementioned nucleotide sequences as well as peptide, polypeptide or
protein derivatives thereof which are encoded by modified nucleotide
sequences still capable of hybridizing to the nucleotide sequence in Figure
1 (SEQ ID N0: 1) or 2 (SEQ ID N0: 3) and which derivatives are interactive
with acute and/or convalescent phase antibodies to HEV. For the purposes of
defining the level of stringency, reference can conveniently be made to
Maniatis et al (1982) at pages 387-389 which is herein incorporated by
reference where the washing step disclosed is considered high stringency. A
low stringency is defined herein as being in 4-6X SSC/0.1-0.5% w/v SDS at
37-45C for 2-3   10 hours. Depending on the source and concentration of
nucleic acid involved in the hybridization, alternative conditions of
stringency may be employed such as medium stringent conditions which are
considered herein to be 1-4X SSC/0.25-0.5% w/v SDS at >_ 45C for 2-3 hours
or high stringency conditions which are considered herein to be 0.11X
SSCl0.1% w/v SDS at >_ 60C for 1-3 hours. In yet a further aspect, the
present invention contemplates a peptide, polypeptide or protein carrying a
B cell epitope interactive with antibodies to HEV, said peptide,
poIypeptide or protein having a substantially similar amino acid sequence
to one or more regions of the amino acid sequences set forth in Figure 1
(SEQ ID NO: 2) or 2 (SEQ ID N0: 4). By "substantially similar" is meant a
sequence having at least 50%, preferably at least 60%, more preferably at
Least 75% and still more preferably at least 90% homology (i.e. similarity)
with the sequences set forth in Figure 1 (SEQ ID NO: 2) or 2 (SEQ ID N0: 4)
at the amino acid level. Preferably, the peptide, polypeptide or protein
comprise, the N-ternzinal encoding region of ORF2 which is preferentially
interactive with acute phase antibodies to HEV. Alternatively, the peptide,
polypeptide or protein comprises the C-terminal encoding region of ORF2
which is preferentially interactive with convalescent phase antibodies to
HEV. In a further alternative, the peptide) polypeptide or protein is a
full length ORF encoded molecule but chemically or physically modified or
disrupted to expose both the N- and C- terminal epitopes. The present
invention also extends to a method for maintaining interactive conformation
of synthetic (eg recombinant) peptides or polypeptides wherein the
synthetic peptides or polypeptides are further purified after undergoing a
denaturation procedure and subsequently renatured. By way of example the
synthetic peptide may be denatured by adding denaturing concentrations of
buffers including but not Limited to, sodium dodecyl sulphate (SDS),
2-mercaptoethanol, or urea. Purification of denatured protein can be
undertaken by procedures well known to the skilled artisan including but
not limited to procedures for electrophoretie resolution on polyacrylamide
gels or size exclusion chromatography. The denaturing buffers arc removed
by any number of means including but not limited to dilution, dialysis,
chromatography or by binding to a solid support, for example membrane
support or microtitre plate.   11 Accordingly) another aspect of the
present invention contemplates a method of enhancing the
imrnunointeractivity of a poIypeptide or protein encoded by ORF 2 of HEV,
said method comprising chemically or physically modifying the polypeptide
or protein to enable both convalescent and acute phase antibodies to HEV to
bind to said polypeptide or protein without substantial N-terminal
inhibition of C-terminal binding to convalescent phase antibodies to HEV.
In a most preferred embodiment, the present invention extends to naturally
occurring or synthetic (eg recombinant) peptide, polypeptide or protein
corresponding to an approximately 30KDa protein from the ORF2 region andJor
an approximately 14ICDa protein from the ORF3 region and to nucleotide
sequences coding for same as well as to fragments, derivatives, homologues
or immunological relatives thereof. By "derivatives" is meant to include
any single or multiple amino acid substitution, deletion andlor addition
relative to the naturally occurring sequence or to the sequences as shown
in Figures I (SEQ ID N0: 2) and Z (SEQ ID N0: 4) and including any single
or multiple substitution, deletion andlor addition to other molecules
associated with the peptide or poIypeptide including carbohydrate, lipid
and/or other proteinacious moieties. Such derivatives, therefore, include
glycosylated or non-glycosylated forms or molecules with altered
glycosylation patterns. The present invention is also directed to a method
for distinguishing past (i.e. convalescent phase) or contemporary (i.e.
acute phase) infection with HEV whether or not by natural infection or
following vaccination, whereby the antisera from infected individuals are
preferentially irnmunologically distinguished by interactive peptides of
ORF3 or the N-terminus of ORF2. Alternatively, such antisera are preferably
immunologically distinguished by interactive peptides of the C-terminal end
portion of ORF2. The present invention also contemplates a method for the
detection of antibodies associated with HEV which method comprises
contacting a peptide or polypeptide corresponding to all, or an antigenic
portion of the epitopic regions of the HEV genome or a derivative thereof
with a biological sample from a patient to be tested far a time and   



92 under conditions sufficient for a complex to form between the peptide or
polypeptide and an antibody reactive to HEV and then detecting the complex.
Preferably) the biological sample is serum) a blood derived component such
as whole blood) serum or plasma or a secretory component such as saliva.
Even more preferably, the peptide or polypeptide is immobilised onto a
solid support before, during or after contact with the serum. Methods of
detection are well known and include coIorimetric) fluorometric and
radioactive procedures. Other detection means can also be used such as
involving immunoblotting. An example of such immunoblotting techniques
includes the well known Western Blot technique. This assay can be varied in
any number of ways without departing from the scope of the present
invention. Another assay contemplated herein to be useful is the AGEN red
cell agglutination assay as described by Wilson et al. ( I 991 ). The
present invention also extends to the use of peptides or polypeptide
corresponding to the epitopic regions of the HEV genome or antigenic
fragments thereof, as acitig~:.s in a diagnostic test for HEV, or for
screening asymptomatic individuals by detection or determination of the
titre of antibodies in a patient's serum, for example using enzyme-linked
immunoassay or radio immunoassay (RIA) technology or an agglutination assay
using antigen-coated beads or the like. This aspect of the present
invention may conveniently be carried out by the detection and/or
determination of the titre of antibodies in a biological sample (e.g. whole
blood, plasma, serum or saliva) from a human subject, said method
comprising contacting said sample with peptides or poIypeptides
corresponding to epitopic regions of the HEV genome or a fragment or
derivative thereof for a time and under conditions su~cient for a complex
to form between the peptide or polypeptide and an antibody reactive to HEV
and then detecting the complex and/or amount of peptide or polypeptide
which has been bound in the complex. Preferably, the peptide or polypeptide
is immobilised onto a solid support before) during or after contact with
the sample and the peptides or polypeptides are as hereinbefore defined.
Alternatively, HEV infection may be detected or at least a negative result
reconfirmed by screening for HEV associated immune complexes. It is
possible, for   13 example) that a negative antibody result could have been
caused by antibodies forming complexes with HEV thereby not being available
for binding in the aforementioned assay. To conveniently detect HEV immune
complexes, serum or other biological fluid is contacted with an anti-HEV
antibody (e.g. a monoclonal antibody) for a time and under conditions
sufficient for a HEV-antibody immune complex to bind. Preferably) the
antiHEV antibody is first immobilised onto a solid support. An
anti-immunogIobulin antibody) generally with a Label or other reporter
molecule attached, is then used to screen for the antibody component of the
HEV complex. One skilled in the art will immediately recognise that the
assays as contemplated herein may be modified without departing from the
scope of the present invention. All such modifications and variations of
these assays arc encompassed by the present invention. The presence of HEV
convalescent and/or acute phase antibodies ~n a subject's biological fluid
(such as whole blood, plasma, serum or saliva) can be detected using a wide
range of immunoassay techniques such as those described in US Patent Nos.
4,016,043, 4,424,279 and 4,018,653. This includes both single-site and
two-site, or "sandwich", assays of the non-competitive types, as well as in
the traditional competitive binding assays. Sandwich assays are
particularly useful and include ELISA dip-stick assays and
Immunofluorometric assays (IFA). Competitive binding assays include
radioimmunoassays (RIA). Western blot assays may also be used. The choice
of assay will depend on the sensitivity required, materials available and
the biological sample employed. A number of variations of the sandwich
assay technique exist, and all are intended to be encompassed by the
present invention. Briefly, in one assay) an unlabelled peptide,
polypeptide or protein (hereinafter abbreviated to "polypeptide") capable
of preferably binding to acute or convalescent phase antibodies to HEV is
immobilised onto a solid substrate and the biological sample to be tested
for HEV antibodies brought into contact with the bound molecule. After a
suitable period of incubation, for a period of time sufficient to allow
formation of a polypeptide-antibody primary complex, an   14 immunoglobulin
specific antibody, labelled with a reporter molecule capable of producing a
detectable signal, is then added and incubated, allowing time sufficient
for the formation of a secondary complex of polypeptide-antibody-labelled
antibody. Any unreacted material is washed away) and the presence of the
VPF is determined by observation of a signal produced by the reporter
molecule on the second antibody. The results may either be qualitative) by
simple observation of the visible signal or may be quantitated by comparing
with a control sample containing known amounts of HEV antibody. Variations
of this assay include a simultaneous assay, in which both sample and
labelled antibody are added simultaneously ~to the bound polypeptide, or a
reverse assay in which the labelled antibody and sample to be tested are
first combined, incubated and then added simultaneously to the bound
polypeptide. These techniques are well known to those skilled in the art,
and the possibility of variations will be readily apparent. The antibodies
used above may be monoclona.I or polyclonal. In this assay, the HEV derived
polypeptide or antigenic parts thereof is either covalently or passively
bound to a solid surface. The solid substrate is typically glass or a
polymer, the most commonly used polymers being cellulose, polyacrylamide,
nylon, polystyrene, polyvinyl chloride or polypropylene. The solid supports
may be in the form of tubes, beads, discs or microtitre plates, or any
other surface suitable for conducting an immunoassay such as a dipstick.
The binding processes are well-known in the art and generally consist of
doss-linking) covalently binding or physically adsorbing the molecule to
the insoluble carrier. By "reporter molecule", as used in the present
specification, is meant a molecule which, by its chemical nature, produces
an analytically identifiable signal which allows the detection of an HEV
polypeptide-antibody complex. The most commonly used reporter molecules in
this type of assay include enzymes, fluorophores and radionuclide
containing molecules (i.e. radioisotopes). In the case of an enzyme
immunoassay) an enzyme is conjugated to the antimmunoglobulin antibody)
generally by means of glutaraldehyde or periodate. As will be readily
recognised, however, a wide variety of different conjugation techniques
exist which are readily available to one skilled in the art. Commonly used
enrymes include horseradish peroxidase, glucose oxidase, ~-galactosidase
15 and alkaline phosphatase, amongst others. The substrates to be used with
the specific enzymes are generally chosen for the production,upon
hydrolysis by the corresponding enzyme, of a detectable colour change.
Altemativcly, fluorescent compounds) such as fluorescein, anthanide such as
europium and rhodamine, may be chemically coupled to antibodies without
altering their binding capacity. When activated by illumination with light
of a particular wavelength, the fluorochrome-labelled antibody adsorbs the
light energy, inducing a state of excitability in the molecule, followed by
emission of the light at a characteristic colour visually detectable with a
light microscope. As in an enzyme immunoassay (EIA)) the fluorescent
labelled antibody is allowed to bind to the polypeptide in the
polypeptideantibody complex. After washing off the unbound reagent, the
remaining complex is then exposed to the light of the appropriate
wavelength, the fluorescence observed indicates the presence of the hapten
of interest. Immunofluorescence and EIA techniques are both very well
esablished in the art and are particularly preferred for the present
method. However) other reporter moiecules, such as radioisotopes,
chemiluminescent molecules or bioluminescent molecules may also be
employed. It will be readily apparent to the skilled technician how to vary
the procedure to suit tile iequired purpose. Accordingly) one aspect of the
present invention contemplates a method of detecting convalescent andlor
acute phase antibodies in HEV in a biological sample, said method
comprising the steps of contacting said biological sample with an
immobilised polypeptide preferably interactive with acute phase or
convalescent phase antibodies to HEV for a time and under conditions
sufficient for a polypeptide-antibody complex to form and subjecting said
complex to a detecting means. The latter complex may be detected by) for
example, the addition of an antimmunoglobulin antibody labelled with a
reporter molecule. Alternatively, a competitive immunoassay may be used.
The most convenient assay of this type is a radioimmunoassay (RIA). In
another assay) the AGEN red cell agglutination test may be employed (see
Wilson et al. 1991).   16 The invention also extends to use of the peptides
and/or polypeptides) or fragments, or derivatives of the present invention
in the treatment or prophylaxis of patients. As contemplated herein
prophylaxis may be achieved in a patient by immunising a patient with a
vaccine containing antigens corresponding to the epitopic regions of the
HEV genome and a suitable adjuvant Buff cient to elicit an antibody
response in a patient. Methods for production of vaccines are well known to
those skilled in the art and by way of example a convenient reference is
Remington's Pharmaceutical Sciences, 17th ed.) Mack Publishing Co.) Easton,
Pennsylvania, USA. Preferred HEV antigens include the N-terminal region of
ORF2 or the C-terminal region of ORF2. Due to the nature of the epitopic
regions) of the HEV antigen it should therefore be possible to discriminate
between naturally infected individuals and vaccinated individuals. The
present invention encompasses other forms of kits and diagnostic assays
including a kit comprising a container adapted to contain a synthetic
peptide or polypeptidc corresponding to the epitopic region of the HEV
genome or its fragments, derivatives, homologues andlor immunological
relatives. Preferred antigens are the Nterminal region of ORF2 and the
C-terminal region of ORF2 of HEV. The kit may contain a second container
adapted to contain or receive a sample to be tested. A third container may
be present adapted to contain reagents for detecting HEV-antibody
complexes. Alternatively, where the kit is to detect HEV immune complexes,
the kit may comprise one or more containers (e.g. wells) adapted to contain
a HEV specific antibody (e.g. a monoclonal antibody). Additional containers
with the kit may then contain receptacles for receiving fluid samples and a
labelled antibody. In further accordance with the present invention,
expression of the cDNA insert encoding the epitopic regions of HEV
described herein or fragments thereof, may be achieved in a number of
different ways.   17 As an example, successful expression of the antigens
encoding the epitopic regions of I-IEV as a fusion protein can be achieved
using the pGEX vectors which give expression of glutathione S-transferase
fusion proteins, using E. coli as the host cells. Expression could also be
achieved, by way of example, using pEV vectors or the polyhistidine
expression vectors again using E. coli as the host cells. Any other
suitable fusion protein capable of use in a bioaffinity chromatography may
also be employed such as polylysine) FLAG and thioredoxin. Alternatively,
the epitopic region of HEV may be expressed as a non-fused polypeptide) by
using appropriate vector and host cell combinations. Other vector and host
cell combinations which can be used in accordance with the present
invention including a number of well described yeast shuttle vectors for
use in yeast cells, or eukaryotic vectors useful in continuous cell lines,
(eg CHO cells) yeast cells and/or insect cells or transgenic animals. The
present invention is applicable to any strain of HEV which has a genomic
organisation comprising open reading frames equivalent to OItF2 and ORF3 as
defined by Tam et al (1991). Of the strains isolated to date, any strain of
HEY is useful in the practice of the present invention. The present
invention will now be further .described with reference to the following
non-limiting Figures and Examples. In the Figures: Figure 1 shows the
nucleotide and deduced amino acid sequence of the 76kDa protein encoded by
Open Reading Frame 2, of the strain of hepatitis E virus isolated from an
epidemic in ~Cinjiang autonomous region of China. Figure 2 shows the
nucleotide deduced amino acid sequences of the l4kDa protein encoded by
Open Reading Frame 3 of the HEV genome, of the strain of hepatitis E virus
isolated from an epidemic in Xinjiang autonomous region of China. Figure 3
shows a Western blot of sera taken at differing time points from an   18
infection of a rhesus monkey (Macaca mulatta) with the HEV virus using the
56kDa andlor 39kDa fusions proteins or GST as antigen. Figure 4 shows a
comparison of the results obtained using the Western blot of the present
invention to screen sera samples from an Australian Aboriginal population
versus results obtained with a commercially available EIA for HEV (GeneIabs
Diagnostics, Singapore). Figure 5 shows the cloning strategy for the
recombinant HEV-GST fusion proteins herein described. The cDNA fragments of
1658, 830 and 380 by were generated after reverse transcription and PCR of
HEV RNA extracted from the bile of an experimentally infected monkey. All
DNA fragments were purified by agarose gel electrophoresis and Prep-A-Gene
at each step. 



Figure 6 shows the cloni.ag strategies for (A): HV cDNA clones; (B):
recombinant HEV-GST fusion proteins ORF3) ORF2.1 and 0RF2.2; and (C): the
recombinant HEV-GST fusion proteins ORF2, ORF2.3 and ORF2.4. The
recombinant HEV-GST fusion proteins herein described. The cDNA fragments of
1658, 830 aad 380 by were generated after reverse transcription and PCR of
HEV RNA extracted tom the bile of an experimentally infected monkey, while
other PCR products were generated from the clones pGEXI-AC3 and
pGEX1-AC2.2. All DNA fragments were purified by agarose gel electrophoresis
and Prep-A-Gene at each step. Figure 7 shows a Western blot of human acute
hepatitis sera against recombinant GST-ORF2.1 and GST-ORF3 proteins.
Approximately equal masses of each recombinant protein and unfused GST were
mixed and electtophoresed oa a 10% w/v acrylamide geI, proteins transferred
to nitrocellulose, and the membrane blocked with casein. The membrane was
then incubated with a 1:500 dilution of patient sera or I:10,000 dilution
of HRPO-strcptavidin (marker lane)) and immune complexes detected using
I-iRI'0conjugated anti-human IgG and enhanced chemiluminescence. Lanes: MW,
biotinylated molecular weight markers (sizes indicated at left); 1-10)
acute hepatitis A; 11-18) acute hepatitis B; 19-23, acute hepatitis E. The
positions of reactive degradation products of   19 GST-OltF2.1 and GST-ORF3
(closed and open circles, respectively), GST and each fusion protein are
indicated at right. Figure 8 shows a Western blot of GST-ORF2.1 and
GST-ORF3 with sera from three rhesus macques experimentally infected with
HEV and subsequently rechallenged with aliquots of the original inoculum.
(A)) (B), (C) monkeys M31, Mi2 and M33) respectively. The days of
rechallenge are indicated above each figure, and the days of serum
collection below each figure. Lane MW, biotinylated molecular weight
markers (sizes indicated at Ieft). Note that reactivity to GST-ORF2.I
remains at high levels and is boosted following rechallenge, whereas
reactivity to GST-Ol'tF3 declines with time. Figure 9 is a Western blot of
GST-ORF2.1 and GST-O.RF2.2 with sera from infected macaques. GST and fusion
proteins GST-ORF2.1 and GST-OlZF2.2 were mi.~ced in equal proportions)
elcctrophorcsed and transferred essentially as in Figure 3. Serum samples
are from the animals shown in Figure 8. (A), (B), (C) monkeys M31, M32 and
M33, respectively. Lane MW, biotinylated molecular weight markers (sizes
indicated at left) Note that reactivity to GST-ORF2.1 is weaker than that
to GST-ORF2.2 during the acute phase of infection, but is boosted after
rechallenge and subsequently remains at higher levels than that to
GST-O1ZF2.2. Figure IO is a Western blot of (a) GST-ORF2, GST-ORF2.1, (b)
GST-OIZF 2.3 and GST-OlZf2.4, with sera from infected macaques. GST and
fusion proteins were mixed in equal proportions, electrophoresed and
transferred essentially as in Figure 3. Serum samples are from the animals
shown in Figure 8: (A), (B), (C), monkeys M31 M32 and M33. Lane MW,
biotinylated molecular weight markers. Note that the reactivity of GST-ORF2
appears to lie in the N-terminal sequences overlapping with GST-OlZ.F2.3
and GST-OlZf2.4: breakdown products of GST-ORF2 as well as the shorter
GST-ORF2.3 and GST-OlZF2.4 fusion proteins are strongly reactive with acute
phase sera.   20 EXAMPLE 1 HEPATTTIS E VIRUS AND ANTIGENS THEREFROM The
strain of I-~V used in these studies was isolated from infected individuals
from the Xinjiang autonomous region of China during an epidemic between
September 1986 and April 1988. Aye TT et al (1992) reported that an HEV
strain isolated from infected individuals from the Xinjiang autonomous
region'of China had 93.9% nucleotide sequence homology with the Burmese
strain (Tam et al., 1989). Virus was cultured by infecting rhesus monkeys
with fecal samples from infected individuals, using known methods (Cao, X-Y
et al, 1991). The monkeys were acutely infected, with the HEV being
excreted into the bile and faeces of the monkey. The viral antigens were
isolated as follows using reverse transcriptase PCR.: (a) Eztractioa of RNA
from bile. Bile specimens were collected directly from the gall bladder of
as infected rhesus monkey at day 7-14 after inoculation. An aliquot of 10
p.l of bile was mixed with 26 ~1 nuclease free water and 46y.1 GIT (4M
guanidine thiocyanate, ~~ mM sodium citrate, 0.5% v/v sarkosyl, 0) 1 M
2mercaptoethanol). An aliquot of SOp.I of 3M sodium acetate (pH5.2) was
added to the mixture above followed by extraction with 450A
phenol/chloroform (5:1 ). After separation by centrifugation, the upper
phase was transferred to a fresh tube containing 2~1 of 10 mg/ml tRNA. The
RNA was precipitated in 750 ~1 of icecold isopropanol at -20C for a minimum
of 2 hours, then pelleted at 13,000 rpm for 15 minutes, washed with 80% v/v
ethanol and repelleted as above. The dried pellet was resuspended in 101 of
nuclease free water and incubated at 65C for 10 minutes, then stored at 4C
ready for RT-PCR A similar method may be used on faeces.   21 (b) Primers.
Two pairs of primers were designed to isolate the whole fragment of ORF3
and one third of the 3' end of ORF2 (ORF2.1 ), respectively. These primers
were modified to contain EcoRl restriction sites to facilitate cloning. The
nucleotide sequences of the primers) with the HEV-specific sequences
underlined, are: For ORF3: 5'-GTGAATTCATGAATA.4CATGTCZ`ITTGC-3'(forward)
(SEQ ID N0: 5) 5'-GTGAATTCTTAGCGGCGCGGCCCCAGCT-3'(reverse) (SEQ ID N0: ~
For ORF2: 5'-GTGAATTCCAGCTGTTCTACTCCCGTCC-3'(forward) (SEQ ID N0: 7)
5'-GTGAATTCGGCACTTCGTTTATTTGATGTT-3'(reverse) (SEQ ID N0: 8) A third primer
pair was designed to amplify approximately two thirds of ORF2, terminating
27 nucleotides from the carboxy terminus (ORF2.~) This PCR product did not
contain modified restriction enzyme sites, and instead was cloned using the
3' A ' overhang. ORF2.0: 5'-TCGTAGACCTACCACAGCTG-3' (forward) (SEQ ID NO:
9) 5'-TCTTAAGGCGCTGAAGCTCA-3' (reverse) (SEQ ID N0: 10) These primer sets
were designed on the basis of published sequences for HEV.   22 To extend
the collection of cDNA clones (Figure 6C), the Fust primer pair was
designed to amplify the amino-terminal 330bp of OlZF2 (ORF2.3). These
primers were modified to contain BamH or EcoR 1 restriction sites to
facilitate cloning. The nucleotide sequences of primers, with the
HEV-specific sequences underlined, are: 



P4740: 5'-GTGGATCCATGCGCCCTCGGCCTA3'fT~fGT-3' (forward) (SEQ ID N0: 11)
P3566: 5'-GTGAATTCTTAGCGGCGCGGCCCCAGCT-3' (reverse) (SEQ ID N0: 12) The
second primer pair was designed to amplify 440bp fragment of ORF2 which
overlaps AC2.3. P2: 5'-TCGTAGACCTACCACAGCTG-3' (forward) (SEQ ID N0: 13) .
P5019: 5'-CACAAGCTCAGAGGCTATGCCG-3' (reverse) (SEQ ID NO: 14) (c) RT-PCR.
Prior to PCR amplification, the RNA was reverse transcribed into cDNA. To
each RNA sample, lOpl of RT Master Mixture (4p1 25mM MgCl2) 2.0p1 IOXRT
bufFer, 2.0p1 IOmM dNTP mix~ure, 1.0p1 200ng/p1 reverse primer, 0.5p1
rRNAsin, 0.5 pl AWY RT) was added. After a 60 minute incubation at 42C, the
reaction was boiled for 5 minutes and quenched in chip ice for 5 minutes.
For the PCR reaction, 30pI of PCR Master Mixture (19.1 pl nuclease free
water) 3.6p1 25mM MgCl2 3.0p1 lOXTaq Buffer (~00 m,M KCI, 100mM Tris pH
9.0) 1 % v/v Triton X-100), 3 .0 pl 2rnl~I dNTP, 1.0p1 forward primer) 0.3
pl AmpliTaq DNA polymerase (Promega) was mixed with the cDNA reaction and
overlayed with 50 pI mineral oil. The amplifications were carried out in a
thermocycler (DNA Thermal Cycler 480, PERKIN ELMER CETUS) with the
following cycling program: 94C denaturaton for 1 minute, SSC annealing from
1 minute and 72C extension from 2 minutes. A total of 40 cycles were
processed followed by a final extension at 72C for 7 minutes.   23 EXAMPLE
2 CONSTRUCTION OF EXPRESSION VECTORS The plasmids and cloning strategy used
in this study are shown in Figures 5 and 6. PCR products were separated on
a 1.0% v/v agarose gel. Fragments of about 380 by (ORF3), 830 by (ORF2.1)
and 1658 by (ORF2.0) were recovered by cutting the bands out of the gel.
The DNA was purified using the Pre-A-Gene kit (Bio-Rad, USA). Fragments
ORF3 and ORF2.0 were digested with EcoRl and the restriction fragments
(370bp or 820 bp) were separated on a gel and purified as above.
Approximately 6ng of ORF3 or 16 ng of the ORF 2.I DNA were ligated with 10
ng of pGEXI vector EcoRl cut, dephosphorylated, (Pharmacia Biotech) USA) to
give the plasmids pGEXl-AC3 and pGEXI-AC2.1) respectively, transformed into
E. coli strain NM522 (Pharmacia Biotech) USA) using the Gene Pulser
(Bio-Rad, USA), and plated on LB-ampicillin. Plasmids were prepared from
transformants by minipreparation and following EcoR~ digestion were
examined for inserts of the expected sizes. Fragment ORF2.0 (20 ng) was
ligated with 50 ng of dephosphorylated vector pCR (Invitrogen, San Diego)
Ca) utilizing the T overhangs on plasmid and A overhangs on PCR product to
give the plasmid pCR-AC2.0. After transformation and selection of
recombinants, purified plasmids were subjected to partial EcoRl digestion
and the resulting fragment of 1670 by purif ed and ligated into pGEXl as
above to give plasmid pGEXI-AC2.0. This plasmid and pGEXl-AC2.1 were
digested to completion with Kpnl and BamHl. The restriction fragment of
1390 by from pGEXI-AC2.0 was then ligated with the fragment from
pGEXI-AC2.0 containing the pGEX 1 sequence together with the ORF2 sequences
downstream of the Kpnl site, to generate plasmid pGEX 1-AC2.2. The plasmids
and cloning strategy used in this study are shown in Figures 5 and 6. Three
clones) pGEXI-AC3, pGEXI-AC2.1 and pGEXI-AC2.2) were constructed in this
laboratory earlier. DNA from plasmid pGEXI-AC3 and pGEXIAC2.2 were
extracted by minipreparation and used as templates for PCR to amplify two
overlaped fragments. A PCR product from pGEXI-AC3 (ORF2.3), which contains
330bp nucleotides of 5' end of ORF2) was digested with BamHl and EcoRl   24
and ligated with pGEXI, to generate plasmid pGEXl-AC2.3. Another PCR
product from pGEX 1-AC2.2 was digested with Pvu 2 and EcoRl (360bp) and
ligated with the restriction fragment of 3 l2bp from ORF2.3 after BamH 1
and Pvu2 digestion, as well as pGEX 1. The resulting plasmid(pGEX I -AC2.4)
contains first 672 by nucleotides of ORF2. pGEX1-AC2.4 was digested with
EcoRl then ligated with the EcoRI fragment of I328bp from pGEX2.2 to give
plasmid pGEX-AC2, which contains full length of ORF2. Selected colonies
from each transformant were then induced with
isopropylthio-~i-D-galactoside (IPTG) and examined for expression of fusion
proteins of the expected sizes. EXAMPLE 3 PRODUCTION OF GST FUSION PROTEINS
The transfonnants of pGEXI-AC3, pGEXI-AC2.1 and -2.2) and pGEXI (as a
control) were grown for 5 h in L-Broth medium (LB) containing .SOp.g/ml of
ampicillin. An aliquot of 0.5~! of the overnight culture was inoculated
into 200 m1 of LB plus ampicillin and incubated for 6 hr. IPTG (200 pl of
I00 mM stock) was added and the culture was grown overnight. Cells were
pelleted at 4000 rpm for 15 min in a bench centrifuge. The pellet was
washed in l OmM Tris (pH 7.5) and spun as before. For each gram of packed
cells, 3 ~1 of lysis buffer (50 mM Tris pH 8.0, 1 mM EDTA, 100 mM NaCI), 4
~1 of 100 mM phenylmethylsulfonylfluoride (PMSF) and 80 ~Cl of 10 mg/mI
lysozyme were added. The suspension was incubated at room temperature for
30 min then 37 for an additional 30 min. The solution was sonicated for 3
min. and centrifuged at 4000 rpm for 15 min. The pellet (containing most of
the fusion proteins) was washed with ice-cold 1M NaCI, 10 mM Tris pH 7.5.
The protein pellet was resuspended in 3 ml of IOmM Tris (pH 7.5), and
stored in aliquots at -20.   25 EXAMPLE 4 SDS-POLYACRYLAMIDE GEL
ELECTROPHORESIS Each of the fusion proteins (GST-ORF3, GST-ORF2.1,
GST-OltF2.2, GSTORF2.3, GST-ORF2.4) was thoroughly resuspended in 50 mM
Tris (pH 6.8), 2% v/v SDS, 5% vlv 2-mercaptoethanol, 8% v/v glycerol, 0.01%
v/v bromophenol blue. In each experiment, unfused GST (prepared as above)
was mixed with the fusion proteins before electrophoresis. The protein
mixture was heated at I00 for 5 min and loaded on SDS-PAGE gels in a
mini-gel apparatus (Bio-Rad, USA) with a separating gel of 10% w/v
acrylamide, 0.267% w/v bis-acrylamide, using the discontinuous buffer
system of Laemmli (2% wlv SDS, 5% vlv 2-mercaptoethanol) 8% v/v glycerol,
SO ml~I Tris[pH 6.8j, 0.01% wlv bromophenol blue). The gels were
electrophorested at 75V for 20 min then 150V until the dye reached the
bottom of the gel. The proteins were transferred to nitrocellulose
membranes (Fiybond-C extra, Amersham) on a SemiDry Transfer Cell (Bio-Rad,
USA) in transfer buffer (0.15M glycine, 0.025M Tris (pH 8.5j, 20% v/v
methanol). Biotinylated marker proteins (Bio-Rad) were run in reference
Ianes. EXAMPLE 5 WESTERN BLOT The nitrocellulose membranes were blocked
with 0.1 M Tris (pH7.5), 0.1 M NaC 1, 0.3 % v/v tween-20 (TB ST) containing
3 % w/v casein and 0.01 % w/v sodium azide at room temperature for 1 hr.
Test sera were diluted 1:500 in TBST plus 1 wlv casein and preabsorbed with
1% w/v) GST lysate suspension at 37 for 1.5 hr. The diluted sera were
incubated at 35 with agitation for 1 hr with the membrane, using the
Mini-Proean Multi Screen apparatus (Bio-Rad, USA). The membranes were
washed three times for 5 min in TBST, incubated with horseradish peroxidase
(HR.PO)-conj ugated rabbit anti-human IgG (diluted 1:500Q; DAKO Co.
Denmark) at 3 5  for 1 hr) then washed as before. Biotinylated markers were
detected using HRPOconjugated streptavidin (diluted 1:10,000; Amersham).
Enryme complexes were detected by enhanced chemiluminescence (ECL;
Amersham). The membranes were   26 soaked in ECL reagents for 1 min) then
placed between acetate sheets and exposed to Hyperfilm ECL (Amersham, USA)
for 30 sec to 2 min at roam temperature. EXAMPLE 6 TEST SERA FOR WESTERN
BLOT Human acute hepatitis sera Sera from other viral hepatitis cases in
Australia were used as negative controls: 10 acute hepatitis A (positive
for anti-HAV IgM, Abbot Diagnostics)) 18 acute hepatitis B (positive for
anti-HBc IgM, Abbot Diagnostics) and S8 hepatitis C (positive in second
generation HCV EIA, Abbot Diagnostics). Sixty-six sera were collected from
acute phase patients in Xinjiang, China during the Hepatitis E epidemic of
1988. Serial sera from infected monkeys Serum specimens were collected
approximately twice weekly from 7 rhesus monkeys (M27, M31, M32, M33) M34,
M35) M36) experimentally infected with HEV. Samples were stored at -20. 



EX,A,11~LE 7 EXPRESSION OF HEV-GST FUSION PROTEINS Clones of putative HEV
structural proteins were constructed in the highly efficient pGEX
expression system) giving rise to proteins fused with GST (normal molecular
mass of 26 kDA}. The clones studied represent the complete sequence of ORF3
(GST-ORF3), and partially overlapping sequences within ORF2 (GST-ORF2.1)
GST-ORF2.2, GST-ORF2.3) GEST-ORF2.4) as shown in Figures 5 and 6. After
induction with IPTG, bacterial Iysates were found to contain unique
proteins of about 37, 39.5, 49) 56, 86 and 97 kDa, consistent with the
predicted molecular masses of these translated sequences. It should be
noted that pGEXI-AC2) pGEXI-ACZ.2 and pGEXI -AC2. I encode proteins having
common C-termini (representing the extreme   27 C-terminus of ORF2).
pGEXI-AC2.1 encodes 273 amino acids, that is the most Cterrninal one-third
of OltF2) while pGEXI-AC2.2 has a N-terminal extension of 294 amino acids,
and pGEXI-AC2 has a further extension of 93 amino acids and therefore
represents 660 amino acids or the full-length ORF2. It should be further
noted that pGEXI-AC2, pGEXI-AC2.3 and pGEXI-AC2.4 encode proteins having
common Ntermini (representing the extreme N-terminus of ORF2). pGEXl-AC2.3
encodes 1509 amino acids, while pGEXI-AC2.4 has a C-terminal extension of
110 amino acids and pGEXI-AC2 has a further extension of 400 amino acids or
the full-length ORF2, as above. EXAMPLE 8 DETECTION OF ANTI-HEV BY WESTERN
BLOT To select conditions for a sensitive diagnostic assay and to examine
the dynamics of antibody responses to each fusion protein, western blots
were conducted to detect. anti-HEV IgG in sera from acute-phase hepatitis
Fatients and from experimentally infected monkeys. . Detection of anti-HEV
in human acute hepatitis sera Sera from well-documented cases of acute
hepatitis A, B) C and E were assayed by western blot (Figure 6, Table 1).
The results show that none of 10 Hepatitis A and 18 Hepatitis B sera
contained IgG against GST-ORF3 or GSTORF2.1, but 3 of 58 hepatitis C were
weakly reactive to GST-ORF2.1 and one of these was also reactive to
GST-ORF3. Sixty-one of 66 (92%) acute HEV sera from Xinj tang contained
anti-I-iEV IgG that bound specifically to the GST-ORF2.1 band but not to
the negative control {GST). Of these, 5~ were also positive for IgG to
GSTORF3, and one serum was reactive with GST-ORF3 but not with GST-ORF2.1.
Nine of nineteen sera collected between 3 and 9 months after suspected HEV
were reactive against GST-ORF2.1, but only 3 of these were active with
GST-ORF3. When tested using a commercial EIA based on ORF3 of the Burmese
and Mexican strains, only one of the convalescent sera was reactive and
this serum was reactive against both GST-ORF2.1 and GST-ORF3.   28 Both
fusion proteins were) therefore) immunoreactive by Western blot and
resulted in a high detection rate of anti-HEV IgG in epidemic cases of HEV
in China) with a high level of specificity indicated by the low reactive
rate in other forms of viral hepatitis. Some HEV samples strongly positive
for antibody to GST-ORF2.1 or 3 were also reactive with degradation
products of the respective fusion proteins (indicated with closed and open
circles respectively in Figure 6 and subsequent figures), but no sera
showed reactivity with the control GST protein band. Detection of anti-HEV
in serial sera from rhesus monkeys Rhesus monkeys were inoculated
intravenously with a Chinese strain of I-iEV) and displayed an increase in
ALT at 7-26 days indicating acute hepatitis. Serial blood samples were
tested for anti-HEV IgG by Western blot, and the results for one monkey
(M27) are shown in Figure 7. In this monkey, antibodies to both GSTORF2.1
and GST-ORF3 were detected at day 16, with anti-GST-O1ZF2.1 continuing to
increase throughout the study period whereas anti-GST-ORF3 reached a peak
at 71 days and then declined. Degradation products of both fusion proteins
were sometimes detected in Western blots, as indicated with open circles
(GST-ORF3) or. closed circles (GST-ORF2.1) in Figure 7 and subsequent
figures. All 7 monkeys seroconverted since antibody to GST-ORF2.1 was
detected at day 14-21, immediately after ALT elevation. Antibody to
GST-ORF3 was first detected at the same time or 7 days after first
detection of GST-ORF2.1 in four monkeys, but was weakly detectable in only
one serum sample from each of 2 monkeys and in no samples from the
remaining monkey. Antibody to GST-ORF2.1, therefore, appears to be a more
consistent marker of infection in macaques, as was also observed with
samples from man (Table 1). Two monkeys were rechallenged at days 53) 107
and 316) and a third monkey at days 107 and 316 after initial infection.
A11 monkeys have shown biochemical evidence of hepatitis after primary
inoculation and less severe hepatitis after the first rechallenge. Only one
(M32) of two monkeys appeared to be infected after the second rechallenge,
suggesting the acquisition of partial protective immunity after each   29
infection. Coincident with this partial immunity) we detected antibody to
GSTORF2.1 in each monkey (Figure 8), remaining at high levels throughout
the study and sometimes being boosted after rechallenge. The boosted
reactivity may result from limited viral replication or at least partly
from viral antigen present in the inocula. It should be noted, however,
that in both M3I and M32 no further increase in reactivity was detected
following a third rechallenge, which suggests that the increased reactivity
observed previously was due to vines replication. Antibody to GST-ORF3 was
detected at high levels in M31 and M32 between days 17 and approximately
6d, but waned thereafter. Interestingly, antibody to GSTORF3 was boosted
after the second rechallenge in monkey 32, and in monkey 33 the only sample
positive for this antibody was after rechallenge. The reactivity with
GSTORF3 closely reflects that observed using a commercial HEV EIA based on
ORF3 synthetic proteins, in which the day 151 sample was also the only
reactive sample from L~L~. Comparison of GST-ORF2.1 and 2.2 The fusion
protein GST-ORF2.1 contains only ~ the carboxy-terminal one-thud of the
coding sequences from HEV ORF2. In order to examine whether additional
sequences from ORF2 would show greater reactivity) sera from monkeys M31,
M32 and M33 were reacted with GST-OFcF2.1 and GST-ORF2.2, having as
N-terminal extension of 294 amino acids. In the acute phase of infection,
the extended protein was indeed more strongly reactive, although no samples
were positive only for this protein. However, interestingly, the peak
reactivity of the extended protein was in fact much lower than that of
GST-ORF2.1 in each of the animals. In addition, the antibody was found to
decline with time and was only weakly boosted after each rechallenge. These
two proteins were also used to screen some of the sera from patients with
acute hepatitis A, B or E as described above, with no difference observed
in the proportion of reactive sera, although in most cases the signal for
GST-ORF2.2 was stronger than that for GST-ORF2.1) as also seen during the
acute phase in monkeys   30 (Fig. 9). GST fusion proteins GST-ORF2.1)
GST-ORF2.2 and GST-ORF2 are partially overlapping with common carboxy
termini (Figure 5, Figure 6). As shown in Figures 3 and 7-10) the shortest
of these) GST-ORF2.1) is the most reactive with convalescent hepatitis E
sera and therefore is the best protein for expression of the epitopes which
are involved in protection from reinfection. GST fusion proteins GST-ORF2,
GST-ORF2.3 and GST-ORF2.4 are partially overlapping with common amino term
(Figure 5). As shown in Figure 10, the reactivity in sera from
experimentally infected macaques against the full-length GSTORF2 closely
approximates that seen with the shorter GST-ORF2.3 and GST-ORF2.4 proteins:
that is, they are most reactive with acute phase sera and poorly reactive
with convalescent phase sera. The reactivity of full-length GST-ORF2
therefore lies within the region b5147 to 5477 in ORF2 according to Tam,
and no reactivity is seen against the sequences b6326 to 7145 which overlap
with GST-ORF2.1. The sequences b5147 to 5477 as in GST-ORF2.3 or GST-ORF2.4
are therefore suitable for the detection of acute phase antibodies to HEV,
and on the basis ~f the greater reactivity in macaque M33 compared to that
against GST-ORF3, we claim that these proteins will enhance the detection
of acute hepatitis E virus infection. Taken together with the lower
reactivity of GST-ORF2.2 and GST-ORF2 compared with GST-ORF2.1 (Figure 9)
Figure 10), this again suggests that the inclusion of amino terminal
sequences of ORF2 inhibits the reactivity of carboxy terminal sequences
which may be included in the same protein. It would be expected that they
might also reduce the immunogenicity of similar proteins, and we therefore
claim that proteins containing sequens between b5147 and 6325 are suitable
for diagnostic reagents but not for vaccines unless they can be demonsrated
not to interfere with the reactivity of the sequences 6326 to 7l45. It is
further claimed that antibodies to GST-ORF3 and/or GST-ORF2.3 and/or
GST-ORF2.4 could be used to detect clinical or subclinical infection with
HEV in  



31 vaccine recipients who have antibodies to GST-ORF2.1 as a result of
active or passive immunisation. EXAMPLE 9 Recent infection can be diagnosed
on the basis of antibody to ORF3 and/or increasing titre of antibody to
C-terminus ORF2 and/or antibody to the N-terminal part of ORF2) while past
infection of HEV can be diagnosed by the presence of antibody to ORF2 with
or without antibody to ORF3. Antibody to ORF3 is expected to be present
only in a proportion of individuals infected with the virus, and not in
individuals who are exposed to viral antigen in the form of an inactivated
or live) attenuated vaccine. This is also likely to be true for antibodies
to ORF1. EXAMPLE 10 DEYELOPMEN'T OF VACCINES AGAINST HEV Conventional
approaches to recombinant vaccines generally rely on using either synthetic
peptides which are small enough to be chemically synthesised, or
recombinant or fusion proteins representing as large a portion of the
antigen of interest as possible. Consequently, most work on HEV has
previously focussed on full-length open reading frame (ORF) 2. Hov~rever, a
key feature of the present invention is the disparity between the length of
recombinant HEV proteins and their reactivity. Recombinant protein,
GSTORF2.1, representing only the C-terminal 1 /3 rd o f ORF2, is in fact
far more reactive with convalescent sera than is a full length GST-ORF2
protein. Furthermore, the reactivity of the full-length protein is most
likely attributable to the N-terminal sequences) as its reactivity with
convalescent sera almost exactly mirrors that of such N-terminal proteins
(Figure 10). Full-length ORF2, therefore, does not efficiently present the
epitopes found in GST-ORF2.1, which are likely to be important far
protective humoral immunity. Those skilled in the art will appreciate that
the invention described herein is susceptible to variations and
modifications other than those specifically described. It is to be
understood that the invention includes all such variations and
modifications. The   32 invention also includes a11 of the steps) features)
compositions and compounds referred to our indicated in this specification)
individually or collectively, and any and all combinations of any two or
more of said steps or features.   Table 1. Detection of anti-HEV IgG by
Western Blotting InfectionNumberNumber positive (%)Total (%)~'GST-ORF2.1
GST-ORF3Hepatitis A10000Hepatitis B18000Hepatitis C583 (5)1 (2)3
(5)Hepatitis E ~ (acute)b6661 (92)56(B5)62(94)Hepatitis E (convalescent)
~19~ 9 (47)3 (16)9 (47) a Positive for GST-ORF2.1 and/or GST-ORF3. b Less
than three months after onset of disease w w Three to nine months after
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HEPATITIS E VIRUS (iii) NUMBER OF SEQUENCES: 24 (iv) CORRESPONDENCE
ADDRESS: (A) ADDRESSEE: DAVIES COLLISON CAVE (H) STREET: 1 LITTLE COLLINS
STREET (G~ CITY: MELBOURNE (D) STATE: VICTORIA (E) COUNTRY: AUSTRALIA (F)
ZIP: 3000 (v) COMPUTER READABLE FORM: . (A) MEDIUM TYPE: Floppy disk (B)
COMPUTER: IBM PC carnpatible (C) OPERATING SYSTEM: PC-DOSIMS-DOS (D)
SOFTWARE: Patcntln Release #1.0) Version #I.25 (vi) CURRENT APPLICATION
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23-SEP-1994 (vii) PRIOR APPLICATION DATA: (A) APPLICATION MlM$ER: PbI1423
(H) FILING DATE: 24-SEP-1993 (A) APPLICATION NUMBER: PM2964 (B) FILING
DATE: 15-DEC-1993 (viii,) ATTORNEY/AGENT INFORMATION: (A) NAME: HUGHES DR)
E JOHN L (C) REFERENCE/DOCKET I~TUMBER: E1HJEK (ix) TELECOMMZJNTCATION
INFORMATION: (A) TELEPHONE: +6 t 3 254 2777 (B) TELEFAx: +6I 3 254 2770
Substitute Sheet - 6 January 2003 -39 (2) INFOR.~TION FOR SEQ ID NC:1: (i)
SEQUENCE CHARACTERISTICS: (A) LENGTH: 1984 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic) (ix) FEATURE: (A) NAME/KEY: CDS (s) LocATZON: z..l9ao (xi)
SEQUENCE DESCRIPTION: SEQ ID N0:1:
ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGTTTCTGCCTATG48MetArgProArgProIleLeuLeuL
euLeuLeuMetPheLeuProMet152015CTGCCCGCGCCACCGCCCGGTCAGCCGTCTGGCCGCCG'1CGTGGG
CGG96LeuProAlaProProProGlyGlnProSerGlyArgArgArgGlyArg'202530CGCAGCGGCGGTTCC
GGCGGTGGTTTGTGGGGTGACCGGGTTGATTCT144ArgSerGIyGlySerGlyGlyGlyPheTrpGlyAspArg
ValAspSer354045CAGCCCTTCGCAATCCCCTATATTCATCCAACCAACCCCTTCGCCCCC192GlnProPhe
AlaI1eProTyrIleHisProThrAsnProPheAlaPro505560GATGTCACCGCTGCGGCCGGGGCTGGACCT
CGTGTTCGCCA.~CCCGCC240AspValThrAlaAlaAlaGlyAlaGlyProArgValArgGlnProAla65707
580CGACCACTCGGCTCCGCTTGGCGTGACCAGGCCCAGCGCCCCGCCGTT2B8ArgProLeuGlySerAlaTrp
ArgAspGlaAlaGlnArgProAlaVal859095GCCTCACGTCGTAGACCTACCACAGCTGGGGCCGCGCCGCTA
ACCGCG336AlaSerArgArgArgProThrThrAlaGlyAlaAlaProLeuThrAla100105110GTCGCTCCG
GCCCATGACACCCCGCCAGTGCCTGATGTTGACTCCCGC384ValAlaProAlaHisAspThrProProValPro
AspValAspSerArg115120125GGCGCCATCCTGCGCCGGCAGTATAACCTATCAACATCTCCCCTTACT432
GlyAlaIleLeuArgArgGlnTyrAsnLeuSerThrSerProLeuThr130135I40   Substitute
Sheet 6 January 2003 -40 



TCTTCCGTGGCCACCGGTACAAACTTGGTTCTATACGCCGCTCCTCTT480SerSerVa1AlaThrGlyThrAsn
LeuValLeuTyrAlaAlaProLeu145150155l60AGCCCACTTCTACCCCTCCAGGACGGCACCA.~iTACTC
ATATAATGGCC5?8SerProLeuLeuProLeuGlnAspGlyThrAsnThrHis21eMetAla16S170175ACAG
A.~GCTTCTAATTATGCCCAGTACCGGGTTGCTCGTGCCACAATT576ThrGluAlaSerAsnTyrAlaGlnTyr
ArgValAlaArgAlaThrIIe180185190CGCTACCGCCCGCTGGTCCCCAACGCTGTTGGTGGCTACGCCATC
TCC624ArgTyrArgProLeuValProAsnAlaValGlyGlyTyrAlazleSer195200205ATCTCGTTCTGG
CCACAGACCACCACCACCCCGACGTCCGTTGACATG672IleSerPheTrpProGlnThrThrThrThrProThr
SerValAspMet2I0215220AATTCAATAACCTCGACGGATGTTCGTATTTTAGTCCAGCCCGGCATA72QAsn
5erIle~ThrSerThrAspValArgIleLeuValGlnProGlyIle225230235240GCCTCCGAGCTTGTTAT
CCCAAGTGAGCGCCTACACTACCGTAACCAA768AlaSerGluLeuValIleProSerGIuArgLeuHisTyr.A
rgAsnGln2452502S5GGTTGGCGCTCTGTTGAGACCTCCGGGGTGGCGGAGGAGGAGGCCACC816GlyTrpA
rgSerValGluThrSerGIyValAlaGIuGluGIuAlaThr260265-270TCTGGTCTTGTTATGCTCTGCATA
CATGGCTCACCTGTAA,~TTCTTAT864SerGlyLeuValMetLeuCysIleHisGlySerProValAsnSerTy
r275280285ACTAATACACCTTATACCGGTGCCCTCGGGCTGTTGGACTTTGCCCTC912ThrAsnThrProTy
rThrGlyAlaLeuGlyLeuLeuAspPheAIaLeu290295300G.T~:CTTGAGTTCCGCAACCTCACCCCCGGT
AATACCA_~.CACGCGGGTC960GluLeuGluPheArgAsnLeuThrProGlyAsnThrAsnThrArgVal30S3
l0315320TCCCGTTACTCCAGCACTGCCCGTCACCGCCTTCGTCGCGGTGCAGAT1008SerArgTyrSerSer
ThrAlaArgHisArgLeuArgArgG1yAlaAsp32S330335GGGACTGCCGAGCTTACCACCACGGCTGCTACC
CGCTTCATGAAGGAC1056GlyThrAlaGluLauThrThrThrAlaA1aThrArgPheMetLysAsp34034535
0   Substitute Sheet-
BJanuary2003-41-CTCTATTTTACTAGTACTAATGGTGTCGGTGAGATCGGCCGTGGGATAi104LeuTyrP
heThrSerThrAsnGlyValGlyGlu21eGiyArgGlyIle355360365GGGCTTACCCTGTTTAACCTTGCTG
ACACCCTGCTTC-GCGGTCTACCG1152AlaLeuThrLeuPheAsnLeuAlaAspThrLeuLeuGlyGlyLeuPr
o370375380ACAGAATTGATTTCGTCGGCTGGTGGCCAGCTGTTCTACTCTCGTCCCI200ThrGluLeuIleS
erSerAlaGlyGlyGlnLeuPheTyrSerArgPro385390395400GTCGTCTCAGCCAATGGCGAGCCGACTG
TTAAGCTTTATACATCTGTA1248ValVal5erAlaAsnG1yG1uProThrValLysLeuTyrThrSerVal405
410415GAGAATGCTCAGCAGGATAAGGGTATTGCAATCCCGCATGACATCGAC1296GluAsnAlaG1nGlnAs
pLysGIyIleAlaIleProHisAspIleAsp420425430CTCGGGGAGTCTCGTGTAGTTATTCAGGATTATGA
CAACCAACATGAG1344LeuGlyGluSerArgValValIleGlnAspTyrAspAsnGlnHisGlu435440'445
CAGGACCGACCGACACCTTCCCCAGCCCCATCGCGCCCTTTTTCTGTC1392GlnAspArgProThrProSerPr
oAlaProSerArgProPheSerVal450455460CTCCGAGCTAATGATGTGCTTTGGCTTTCTCTCACCGCTGC
CGAGTAT1440LeuArgAlaAsnAspValLeuTrpLeuSerLeuThrAlaAlaGluTyr465.470475480.GA
CCAGTCCACTTACGGCTCTTCGACCGGCCCAGTCTATGTCTCTGAC1488AspGlnSerThrTyrGlySerSerT
hrGlyProValTyrValSerAsp485490495TCTGTGACCTTGGTTAATGTTGCGACCGGCGCGCAGGCCGTTG
CCCGG1536SerValThrLeuValAsnValAlaThrGlyAlaGlnAlaValAlaArg500505510TCACTCGAC
TGGACCAAGGTCACACTTGATGGTCGCCCCCTTTCCACC1584SerLeuAspTrpThrLysValThrLeuAspGI
yArgProLeuSerThr515520525ATCCAGCAGTATTCAAAGACCTTCTTTGTCCTGCCGCTCCGCGGTAAG16
32IleGlnG1nTyrSerLysThrPhePheValLeuProLeuArgGlyLysS30535540CTCTCCTTTTGGGAGG
CAGGTACTACTA.~..~GCCGGGTACCCTTATAAT1680LeuSerPheTrpGluAlaGlyThrThrLysAlaGly
TyrProTyrAsn545550555560   -Substitute Sheet-
6January2003-4z-TATAACACCACTGCTAGTGACCAACTGCTCGT_TGAGAATGCCGCTGGG1728TyrRsn
ThrThrAlaSerAspGlnLeuLeuValGluAsnAlaAlaGly56557057SCATCGGGTTGCTATTTCCACTTAC
ACCACTAGCCTGGGTGCTGGTCCCI776HisArgVa1AlaIleSarThrTyrThrThrSerLeuGlyAlaGIyPr
o580585590GTCTCTATTTCCGCGGTTGCTGTTTTAGCCCCCCACTCCGCGCTAGCA1824ValSerIleSexA
laVaIAlaValLeuAlaProHisSerAlaLeuAla595600605TTGCTTGAGGATACCATGGACTACCCTGCCC
GCGCCCATACTTTCGAT1872LeuLeuGluAspThrMetAspTyrProAlaArgA1aHisThrPheAsp610615
6Z0GACTTCTGCCCGGAGTGCCGCCCCCTTGGCCTCCAGGGCTGTGCTTTTl920AspPheCysProGluCysAr
gProLeuGlyLeuGlnGlyCysAlaPhe625630635640CAGTCTACTGTCGCTGAGCTTCAGCGCCTTAAGAT
GAAGGTGGGTAAA1968GlnSerThrValAlaGluLeuGlnArgLeuLysMetLysValGlyLys6456506S5
ACT CGG GAG TTA TAGT ' Thr Arg Glu Leu 660 (2) INFORMATION FOR SEQ ID N0:2:
(i) SEQUENCE CHARACTERISTICS: (A) LENGTH: 660 amino acids (8) TYPE: amino
acid (D).TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE
DESCRIPTION: SEQ ID N0:2: Met Arg Pro Rrg Pro Ile Leu Leu Leu Leu Leu Met
Phe Leu Pro Met 1 5 10 15 Leu Pro Ala Pro Pro Pro Gly Gln Pro Ser Gly Arg
Arq Arg Gly Arg 20 25 30 Arg Ser Gly Gly Ser Gly Gly Gly Phe Trp Gly Asp
Arg Val Asp Ser 35 40 45 Gln Pro Pha Ala =le Pro Tyr Zls Fiis Pro Thr Asn
Pro Phe A1a Pro 50 55 60 Asp Val Thr Ala Ala Ala Gly Ala Gly Pro Arg Val
Arg Gln Pro Ala 65 70 75 80 1984   Substitute Sheet - 6 January 2003 -43
Arg Frc Lau Gly Ser Ala Trp Arg Asp G3.n Ala Gln Arg Pro Ala Val 85 90 95
Ala Sex Arg Arg Arg Pro Thr Thr Ala Gly Ala Ala Pro Leu fihr Ala 100 105
11Q Val Ala Pro Ala His Asp Thr Pro Pro Val Pro Asp Val Asp 5er Arg 115 120
1Z5 Gly A1a Ile Leu Arq Arg Gln Tyr Asn Leu Ser Thr Ser Pro Leu Thr Z30 135
140 Ser Ser Val Ala Thr Gly Thr Asn Leu Val Leu Tyr Ala Ala Pro Leu 14S I50
1,55 1&0 Ser Pro Leu Leu Fro Leu Gln Asp Gly Thr Asn Thr His Tle Met Ala
165 170 l75 Thr Glu Ala Ser Asn Tyr AIa Gln Tyr Arg Val Ala Axg Ala Thr IIe
180 185 190 Arg Tyr Axg Pro Leu Val Pro Asn Ala Va1 G1y GIy Tyr Ala zle Ser
195 200 205 Ile Ser Phe Trp Pro Gln Thr~Thr Thr Thr Pro Thr S2r Val Asp MeC
2I0 . 2i5 220 (Asn~Ser Ile Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly
Ile 225 230 235 240 AlaISer Glu Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg
Asn Gln 245 250 25S Gly Trp Arg Ser Val Glu Thr Ser Gly Val Ala Glu Glu Glu
Ala Thr Z64 , 265 270 Ser Gly Leu Val Met Leu Cys Ile His Gly 5er Pra Val
Asa 5er Tyr 275 280 285 Thr Asn Thr Pro Tyr Thr Gly Ala Leu Gly Leu Leu Asp
Phe Ala Leu 290 295 300 G1u Leu Glu Phe Arg Asn Leu Thr Fro Gly Asn Thr Asn
Thr Arq Val 305 310 315 320 SPr Arg Tyr Ser Ser Thr Ala Arg His Arg Leu Arg
Arg Gly Ala Asp 325 330 33S Gly Thr Ala Glu Leu Thr Thr Thr Ala Ala Thr Arq
Phe Met Lys Asp 340 345 350 Leu Tyr Phe Thr Ser Thr Asn Gly Val Gly Glu Ile
Gly Arg Gly Ile 35S 364 365   Substitute Sheet - 6 January 2003 -44 AIa Leu
Thr Leu Phe Asn Leu A?a Asp Thr Leu Leu Gly Gly La_u Pro 370 375 380 Thr
Glu Leu Tle Ser Ser Ala Gly Gly Gln Leu Pne Tyr Sar Arg Pro 385 390 395 400
Val Val Ser Ala Asn Gly Glu Pro Thr Val Lys Leu Tyr Thr 5er Val 405 410 415
Glu Asri Ala G1~ Gln Asp Lys Giy Ile Ala I1e Pro His Asp rle Asp 420 425
43Q Leu Gly Glu Ser Arg Val val Ile Gln Asp Tyr Asp Asn Gln His Glu 435 440
445 Gln Asp Arg pro Thr Pro Sex Pro Ala Pro Ser Arg Pro Phe Ser Val 450 455
460 Leu Arg Ala Asn Asp Val Leu Trp Leu Ser Leu Thr Ala Ala Glu Tyr 465 470
475 480 Asp Gln Ser Thr Tyr Gly 5er Ser Thr Gly Pro val Tyr Val Ser Asp 485
490 495 Ser Val Thr Leu VaI Asn Val Ala Thr Gly Ala GIn Ala Val Ala Arg 500
505 510 Ser Leu Asp Trp Thr Lys val Thr Leu Asp Gly Arg Pro Leu Ser Thr 515
520 525 Ile'Gln Gln Tyr Ser Lys Thr Phe Phe Vai Leu Pro Leu Arg Gly Lys 



530 535 540 Leu Ser Phe fire Glu Ala G1y Thr Thr Lys Ala G1y Tyr Fro Tyr
Asn S45 . 550 555 560 Tyr Asn Thr Thr Ala Ser Asp G1n Leu Leu Val Glu Asn
Ala Ala Gly 56S 570 575 HisIArg Val Ala Ile Ser Thr Tyr Thr Thr Ser Leu Gly
Ala Gly Pro 580 585 590 Va1 Ser Ile Ser Ala Val Ala Val Leu Ala Pro His Ser
Ala Leu A1a 595 600 605 Leu Leu Glu Asp Thr Met Asp Tyr Pro Ala Arg Ala His
Thr Phe Asp 610 615 620 Asp Phe Cys Pro Glu Cys Arg Pro Leu G1: Leu G1n Gly
Cys Ala Phe 625 630 635 64D   Substitute Sheet - 6 January 2003 -45 Gln Ser
Thr Val Ala Glu Leu Gln Arg Leu Ly3 Met Lys Val Gly Lys 645 650 65~ Thr Arg
Glu Leu 664 ( 2 ) INFOR~~?ATION FOF SEQ ID NO : 3 (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 372 base pairs (H) TYPE: nucleic acid (C)
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE: (A) NAME/KEY: CDS (B) LOCATION: 1..369 (xi) SEQUENCE
DESCRIPTION: SEQ ID N0:3: ATGAATAACATGTCTTTTGCTGCG
CCCATGGGTTCGCGACCATGCGCC48MetAsnASnMetSerPheAlaAlaProMetG1y5erArgProCysAla1
51015CTCGGCCTATTTTGCTGTTGCTCCTCATGTTTCTGCCTATGCTGCCCG96LeuGlyLeuPheCysCysCy
sSerSerCysPheCysLeuCysCysPro202530CGCCACCGCCCGGTCAGCCGTCTGGCCGCCGTCG2'GGGCG
GCGCAGCG144ArgHisArgPraValSerArqLeuA1aAlaValValGlyGlyAlaAla35.4045GCGGTTCCG
GCGGTGGTTTCTGGGGTGACCGGGTTGATTCTCAGCCCT7,92AlaValProAlaValVal5erGlyValThrGl
yLeuIleLeuSerPro505560TCGCAATCCCCTATATTCATCCAACCAACCCCTTCGCCCCCGATGTCAZ408e
rGlnSerProIlePheIleGlnProThrProSerProProMetSer65707580CCGCTGCGGCCGGGGCTGGAC
CTCGTGTTCGCCAACCCGCCCGACCAC288ProLeuArqProGlyLeuAspLeuValPhzAlaAsnProProAsp
His859095   Substitute Sheet - 6 January 2003 46 TCG GCT CCG CTT GGC GTG
ACC AGG CCC AGC GCC CCG CCG fiTG CCT CAC 336 5er AIa Pro Leu Gly Val Trr
Arq Pro Ser Ala Pro Pro Leu Pro HiS 100 105 110 GTC GTA GAC CTA CCA CAG CTG
GGG CCG CGC CGC TA.~1 Val Val Asp Lea Pro Gln Leu Gly Pro Arg Arg 115 120
(2) INFOr~MATION FOR SEQ ID N0:4: (i) SEQUENCE CHAR.~CTERISTICS: (A)
LENGTH: 123 amino acids (H) TYP~: amino acid (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: Met Asn Asn
Met Ser Phe Ala Ala Pro Met G1y Ser Arg Pro Cys Ala 1 5 10 15 Leer Gly Leu
Phe Cys Cys Cys Ser Ser Cys Phe Cys Leu Cys Cys Pro ' 20 25 30 Arg His Arg
Pro Val Ser Arg Leu Ala Ala VaI Val Gly~Gly Ala Ala 35 40 45 Ala Val Pro
Ala Val Val Ser Gly Val Thr Gly Leu Ile Leu Ser Pro 50 55 6a Ser Gln Ser
Pro Ile Phe Ile Gln Pro Thr Pro Ser Pro Pro Met Ser 65 70 75 80 Pro Leu Arq
Pro Gly Leu Asp Leu val Phe Ala Asn Pro Pro Asp His 85 90 95 Ser Ala Pro
Leu Gly VaI Thr Arg Pro Ser Ala Pro Pro Leu Pro His 100 105 110 Val Val Asp
Leu Pro Gln Leu Gly Pro Arg Arg l15 120 (2) INFORMATION FOR SEQ ID N0:5:
(i) SEQUENCE CHAR.~CTERISTICS: (A) LENGTH: 28 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D)~ TOPOLOGY: linear 372 (ii) MOLECULE TYPE:
DNA (genomic)   -47 (xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 



GTGAATTCAT GAATAACATG TCTTTTGC (2) ID1FOR:~TION FOR SEQ ID N0:6: (i)
SEQUENCE CaAR.~CTERISTICS: (A) LENGTH: 28 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: linear ( i i. ) MOLECULE TYPE : DNA
( geno:ri c ) (xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: GTGAATTCTT AGCGGCGCGG
CCCCAGCT (2) INFORMATION FOR SEQ ID N0:7: (i) SEQUENCE CHARACTERISTICS: (A)
LENGTH: 28 base pairs (S) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (qenomic) (xi) SEQU~NCE
DESCRIPTION: SEQ ID N0:7: GTGAATTCCA GCTGTTCTAC TCCCGTCC (2) INFORMATION
FOR SEQ ID N0:8: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRIPTION: SEQ ID N0:8;
GTGAATTCGG CAGTCCGTTT ATTTGATGTT Substitute Sheet - 6 January 2003 28 28 28
30   -48 (2) INFORMATION FOR SEQ ID N0:9: (~) SEQUENCE CHARACTERiSTZCS: (A)
LENGTH: 20 base pairs (B) T7CPE: nucleic acid (C) STR.ANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQGENCE
DESCRIPTION: SEQ ID N0:9: TCGTAGACCT ACCACAGCTG (2) INFOR~~LATION FOR SEQ
ID N0:10: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH: 20 base pairs (B) TYPE:
nucleic acid (C) STRANDEDNESS: si::gle (D) TOPOLOGY: linear (ii) MOLECUf~E
TYPE: DNA (genomic) (xi) SEQUENCE DESCRIPTION: SEQ ID N0:10: TCTTAAGGCG
CTGAAGCTCA (2) INFORiyfATION FOR SEQ ID N0:11: (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 30 base pairs (B) TYPE: nucleic acid (C)
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DVA (genomic)
(xi) SEQUENCE DESCRTPTION: SEQ ID N0:11: GTGGATCCAT GCGCCCTCGG CCTATTTTGT
(2) INFORMATION FOR SEQ ID N0:12: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
28 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY;
linear Substitute Sheet - 6 January 2003 20 20 30  



-49 (ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRIPTIaN: SEQ ID
N0:12: GTG.~ATTCTT AGCGGCGCGG CCCCAGCT (2) INFORMATION FOR SEQ ID NO: I3: i
) SEQUENCE CHAr'tACTERISTICS (A) LENGTH: 20 base pairs (B) TYPE: nucleic
acid (C) STR_~.NDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE:
DNA (genomic) (xi) SEQUENCE DESCRIPTION: SEQ ID N0:13: TCGTAGACCT
ACCACAGCTG (2) INFORMATION FOR SEQ ID N0:14: (i) SEQUENCE
CHAR.~tCTERISTICS: . (A) LENGTH: 22 base pairs (B) TYPE: nucleic acid (C)
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:14: CACAAGCTCA GAGGC~'ATGC CG 2)
INFORMATION FOR SEQ ID NO:15: . (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
1658 base pairs (B) TYPE: nucleic acid (C) STRAND~DNBSS: singie (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) (ix) FEATURE: Substitute
Sheet - 6 January 2003 2B 20 22 (A) N_~1ME/KEY: CDS (B) LOCATION: 2..2658
Substitute Sheet - 6 January 2003 -50 (xi) SEQUENCE DESCA=PTION: SEQ ID NO:
IS: T CGT AGA CCT ACC ACA GCT GGG GCC GCG CCG CTA ACC GCG GTC GCT46Arg Arg
Pro Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala Val
Ala151015CCGGCCCATGACACCCCGCCAGTGCCTGATGTTGACTCCCGCGGCGCC94ProAlaHisAspThrP
roProValProAspValAspSerArgGlyAla202530ATCCTGCGCCGGCAGTATAACCTATCAACATCTCCCC
TTACTTCTTCC142IleLeuArgArgGlnTyrAsnLeuSerThrSerProLeuThrSexSer354045GTGGCCA
CCGGTACAAACTTGGTTCTATACGCCGCTCCTCTTAGCCCAl90VaIAlaThrGIyThrAsnLeuvaILeuTyrA
laAlaProLeuSerPro5055.60CTTCTACCCCTCCAGGACGGCACCAATACTCATATAATGGCCACAGAA238
LeuLeuProLeuGlnAspGlyThrAsnThrHisIleMetAlaThrGlu65707~GCTTCTAATTAT'GCCCAGTA
CCGGGTTGCTCGTGCCACAATTCGCTAC286A1aSerAsn.TyrAlaGlnTyrArgValAlaAxgAlaThrIIeA
rgTyr80''8590g5CGCCCGCTGGTCCCCAACGCTGTTGGTGGCTACGCCATCTCCATCTCG334ArgProLeu
ValProAsnAlaValGlyGlyTyrAlaIleSerIleSer10010511DTTCTGGCCACAGACCACCACCACCCCG
ACGTCCGTTGACATGA.~.TTCA382PheTrpProGlnThrThrThrThrProThrSerValAspMetAsnSer1
l5120~l25 ATA ACC TCG ACG CHAT GTT CGT ATT TTA GTC CAG CCC GGC ATA GCC TCC
430 zle Thr Ser Thr Asp Val Arg Ile Leu Val Gln Pro Gly Ile Ala Ser 13D I35
l40 GAG CTT GTT ATC CCA AGT GAG CGC CTA CAC TAC CGT AAC CAA GGT TGG 478 Glu
Leu Val Ile Pro Ser Glu Arg Leu His Tyr Arg Asn Gln Gly Trp I45 150 l55 CGC
TCT GTT GAG ACC TCC GGG GTG GCG GAG GAG GAG GCC ACC TCT GGT 526 Arg Ser Val
Glu Thr 5er Gly Val Ala Glu Glu Glu Ala Thr Ser Gly 160 l65 170 l75 CTT GTT
ATG CTC TGC ATA CAT GGC TCA CCT GTA AAT TCT TAT ACT A.~1T 574 Leu Val Met
Leu Cys Ile His Gly Ser Pro Va1 Asn Ser Tyr Thr Asn lao las 19o ACA CCT TAT
ACC GGT GCC CTC GGG CTG TTG GAC TTT GCC CTC GAA CTT 622 Thr Pro Tyr Thr Gly
Ala Leu Giy Leu Leu Asp Phe Ala Leu Glu Leu 195 200 20S   Substitute Sheet
- 6 January 2003 -51~
GAGTTCCGCAACCTCACCCCCGGTAATACCAACACGCGGGTCTCCCGT67QGluPheArgAsnLeuThrProGly
AsnThrAsnThrArgValSerArg22Q215220TACTCCAGCACTGCCCGTCACCGCCTTCGTCGCGGTGCAGAT
GGGACT71ATyrserSerThrAlaArgHisArgLeuArgArgGlyAlaAspGlyThr225230235GCCGAGCTT
ACCACCACGGCTGCTACCCGCTTCATGAAGGACCTCTAT766AlaGluLeuThrThrThrAlaAlaThrArgPhe
MetLysAspLeuTyr2402452502S5TTTACTAGTACTAATGGTGTCGGTGAGATCGGCCGTGGGATAGCGCTT
814PheThrSerThrAsnGlyValGlyGluIleGlyArgGlyIleAlaLeu2so2ss27oACCCTGTTTAACCTT
GCTGACACCCTGCTTGGCGGTCTACCGACAGAA862ThrLeuPheAsnLeuAlaAspThrLeuLeuGlyGlyLeu
ProThrGlu275280285TTGATTTCGTCGGCTGGTGGCCAGCTGTTCTACTCTCGTCCCGTCGTC910LeuIle
SerSerAlaGlyGlyGlnLeuPheTyrSerArgProValVal290295300TCAGCCAATGGCGAGCCGACTGTT
AAGCTTTATACATCTGTAGAGAAT958SerAlaAsnGlyGluProThrValLysLeuTyrThrSerValGluAsn
305310315GCTCAGCAGGATAAGGGTATTGCAATCCCGCATGACATCGACCTCGGGl006AlaGlnGlnAspLy
sGlyIleAlaIleProHisAspIleAspLeuGly320.325330-335GAGTCTCGTGTAGTTATTCAGGATTAT
GACAACCAACATGAGCAGGAC10S4G1uSerArgValValIleGlnAspTyrAspAsnGlnHisGluGlnAsp34
D345350CGACCGACACCTTCCCCAGCCCCATCGCGCCCTTTTTCTGTCCTCCGA1102ArgProThrProSerP
roAlaProSerArgProPheSerValLeuArg355360365GCTAATGATGTGCTTTGGCTTTCTCTCACCGCTG
CCGAGTATGACCAG1150AlaAsnAspValLeuTrpLeuSerLeuThrAlaAlaGluTyrAspGln370375380
TCCACTTACGGCTCTTCGACCGGCCCAGTCTATGTCTCTGACTCTGTG1198SerThrTyrGly5erSerThrGl
yProValTyrValSerAspSerVal385390395ACCTTGGTTAATGTTGCGACCGGCGCGCAGGCCGTTGCCCG
GTCACTC1246ThrLeuvalAsnValAlaThrGlyAlaGlnAlaValAlaArgSerLeu4004054I04l5'
.Substitute Sheet- 6
January2003-52-GACTGGACCAAGGTCACACTTGATGGTCGCCCCCTTTCCACCATCC~,G1z94AspTrpT
hrLysValThrLeuAsoGlyArgProLeuSerThrIleGln420425430CAGTATTCAAAGACCTTCTTTGTCC
TGCCGCTCCGCGGTAAGCTCTCC1342GlnTyrSerLysThrPhePheValLeuProLeuArgGlyLysLeuSer
435440445TTTTGGGAGC-CAGGTACTACTAAAGCCGGGTACCCTTATAATTATAAC1390PheTrpGluAlaG
lyThrThrLysAlaGlyTyrProTyrAsnTyrAsn450455460ACCACTGCTAGTGACCAACTGCTCGTTGAGA
ATGCCGCTGGGCATCGG1438ThrThrAlaSerAspGlnLeuLeuValGluAsnAlaAlaGlyHisArg465470
475GTTGCTATTTCCACTTACACCACTAGCCTGGGTGCTGGTCCCGTCTCT1486ValAlaIleSerThrTyrTh
rThrSerLeuGlyAlaGlyProValSer48048549D495ATTTCCGCGGTTGCTGTTTTAGCCCCCCACTCCGC
GCTAGCATTGCTT1534IleSerAlaValAlaValLeuAlaProH1sSerAlaLeuAlaLeuLeu50050S510G
AGGATACC~ATGGACTACCCTGCCCGCGCCCATACTTTCGATGACTTC1582GluAspThrMetAspTyrProAl
aArgAlaHisThrPheAspAspPhe515S20525TGCCCGGAGTGCCGCCCCCTTGGCCTCCAGGGCTGTGCTTT
TCAGTCTl630CysProGluCysArgProLeuGlyLeuGlnGlyCysAlaPheGlnSer530535~540 ACT
GTC GCT GAG CTT CAG CGC CTT AAG A Thr Val Ala Glu Leu Gln Arg Leu Lys 



670 . 675 (2) INFOP.MATION FOR SEQ ID NO:16: (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 552 amino acids (B) TYPE: amino acid (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRIPTION: SEQ ID N0:16: Arg Arg Pro
Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala Val Ala Pro 1 5 10 15 1658 Ala His
Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg Gly Ala Ile 20 25 30
Substitute Sheet - 6 January 2003 -53 Leu Arg Arg Gln Tyr Asn Leu Ser Thr
Ser Pro Leu Thz Ser Ser Val 35 40 45 Ala Thr GIy Thr Asn Leu Val Leu Tyr
Ala Ala Pro Leu Ser Pro Leu ~o s5 so Leu Pro Leu Gln Asp Gly Thr Asn Thr
His Ile Met Ala Thr Glu Ala 65 70 75 80 Ser Asn Tyr Ala Gln Tyr Arg Val Ala
Arg Ala Thr Ile Arg Tyr Arg 85 90 95 Pro Leu Val Pro Asn Ala Val Gly Gly
Tyr Ala Ile Ser Ile Ser Fhe 100 105 110 Trp Pro Gln Thr Thr Thr Thr Pro Thr
Ser Val Asp Met Asn Sex Ile 115 120 225 Thr Ser Thr Asp Val Arg I1e Leu Val
Gln Pro Gly Ile Ala Ser Glu 130 13S 140 Leu Val Ile Pro S2r Clu Arg Leu His
Tyr Arg Asn GIn GIy Trp Arg 145 150 155 160 Ser val Glu Thr Sex Gly Val Ala
Glu Glu Glu Ala Thx Ser Gly Leu 16S 170 ~ 175 Val Met Leu Cys Ile His Gly
Ser Pro Val Asn 5er Tyr Thr Asn Thr 180 l85 190 Pro Tyr Thr Gly Ala Leu Gly
Leu Leu Asp Phe A1a Leu Glu Leu Glu 195 Z00 2D5 Phe Arg Asn Leu Thr Pro Gly
Asn Thr Asn Thr Arg Val 5er Arg Tyr 2l0 . 215 220 Ser Ser Thr Ala Arg His
Arg Leu Arg Arg Gly Ala Asp Gly Thr Ala 225 Z30 , 235 240 Glu Leu Thr Thr
Thr Ala A1a Thr Arg Phe Met Lys Asp Leu Tyr Phe 245 250 25S Thr Ser Thr Asn
Gly Val G1y Glu Ile Gly Arg Gly Ile Ala Leu Thr 260 265 270 Leu Phe Asn Leu
Ala Asp Thr Leu Leu Gly Gly Leu Pro Thr Glu Leu 2?5 280 Z85 Ile Ser Ser Ala
Gly Gly Gln Leu Phe Tyx Ser Arg Pro Val Val Ser 290 295 300 Ala Asn Gly Glu
Pro Thr Val Lys Leu Tyr Thr Ser Val Glu Asn Ala 305 310 31S 320
Substitute Sheet - 6 January 2003 54 Gln Glri Asp Lys Gly Ile Ala Tle Pro
His Asp Ile Asp Leu Gly G1u 325 330 335 Ser Arg Val Val Ile Gln Asp Tyr Asp
Asn Gln his Glu Gln Asp Arg 340 34~ 350 Pro Thr Pro Ser Pro Ala Pro Ser Arq
Pro Phe Ser Val Leu Arg Ala 355 360 365 Asn Asp val Leu Trp Leu Ser Leu Thx
Ala Ala Glu Tyx Asp Gln Sex 37t7 375 380 Thr Tyr Gly Ser Ser Thr GIy Pro
Val Tyr Val Ser Asp Ser Va1 Thr 385 390 395 400 Leu Val Asn Val Ala Thr G1y
Ala Gln AIa Val Ala Arg 5er Leu Asp 40S 4I0 415 Trp Thr Lys Va1 Thr Leu Asp
Gly Arg Pra Leu Ser Thr Ile Gln GIn 420 425 430 Tyr Ser Lys~Thr Phe Phe Val
Leu Pro Leu Arg Gly Lys Leu Ser Phe 435 440 445 Trp Glu AIa Gly Thr Thr Lys
Ala Gly Tyr Pro Tyr Asn Tyr A5n Thr 450 45S 4o0 Thr Ala Ser Asp Gln Leu Leu
Val GIu Asn Ala Ala G1y His Arg Val 465 470 475 480 Ala Ile Ser Thr Tyr Thr
Thr Ser Leu Gly Ala Gly Pro vat Ser Ile 485 490 495 Ser AIa Val Ala Val Leu
Ala Pro His Ser Ala Leu Ala Leu Leu Glu 500 . . 5Q5 5l0 Asp Thr Met Asp Tyr
Pro Ala Arg Ala His Thr Phe Asp Asp Phe Cys 515 . 520 525 Pro GIu Cys Arg
Pro Leu Gly Leu GIn Giy Cys Ala Phe GIn Ser Thr 530 535 540 val Ala Glu Leu
Gln Arg Leu Lys 545 550 (2) zNFORMATION FOR SEQ ID NO:17; ( i ) SEQUENCE
CHP.R.ACTERI STICS (A) LENGTH: 8Q3 base pairs iH) TYPE: nucleic acid (C)
STR.~T~1DEDNESS: single (D) TOPOLOGY: linear  



Substitute Sheet - 6 January 2003 -55 (ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURy: (A) NAME/KEY: CDS (B) LOCATION: 1.,803 (xi) SEQUENCE
DESCRIP'T'ION: SEQ ID N0:17:
CAGCTGTTCTACTCTCGTCCCGTCGTCTCAGCCAATGGCGAGCCGACT48GlnLeuPheTyrSerArgProValV
alSerAlaAsnGlyGluProThr51015GTTAAGCTTTATACATCTGTAGAGAATGCTCAGCAGGATA.AGGGTA
TT95ValLysLeuTyrThrSerValGluAsnAIaGlnGlnAspLysGlyIle202530GCAATCCCGCATGACAT
CGACCTCGGGGAGTCTCGTGTAGTTATTCAG144AlaIleProHisAspIleAspLeuGlyGluSerArgValVa
lIleGln354045AT TAT GAC AAC CA.~1 CAT GAG CAG GAC CGA CCG ACA CCT TCC CCA
GCC192AspTyrAspAsnGlnHisGluGlnAspArgProThrProSerProAla505560'CCATCGCGCCCTTT
TTCTGTCCTCCGAGCTAATGATGTGCTTTGGCTT240ProSexArgProPheSerValLeuArgAIaAsnAspVa
lLeuTrpLeu65707580TCTCTCACCGCTGCCGAGTATGACCAGTCCACTTACGGCTCTTCGACC289SerLeu
ThrAlaAlaGluTyrAspGln5erTh:TyrGlySerSerThr859095'GGCCCAGTCTATGTCTCTGACTCTGT
GACCTTGGTTAATGTTGCGACC336GlyProValTyrValSerAspSerVa1ThrLeuValAsnValAlaThr10
0105110GGCGCGCAGGCCGTTGCCCGGTCACTCGACTGGACCAAGGTCACACTT384GlyAlaGlnAlaValAl
aArgSerLeuAspTrpThrLysValThrLeu115120125GATGGTCGCCCCCTTTCCACCATCCAGCAGTATTC
AAAGACCTTCTTT432AspGlyArgProLeuS2rThrIIeGlnGlnTyrSerLysThrPhePhe130135110GT
CCTGCCGCTCCGCGGTP_~GCTCTCCTTTTGGGAGGCAGGTACTACT480ValLeuProLeuArgGlyLysLeuS
erPheTrpGluAlaGlyThrThr1451501551o'0A.~AGCCGGGTACCCTTATP.ATTATAACACCACTGCTA
GTGACCAS.CTG52 8LysAlaG1yTyrProTyrAsnTyrAsnThrThrAlaSerAspGlnLeu165l70175
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CTCGTTGAGAATGCCGCTGGGCATCGGGTTGCTATTTCCACTTACACC576LeuvalGluAsnAlaAlaGlyYis
ArgValAlaIleSerT:lrTyrTh:I80I85l90PCTAGCCTGGGTGCTGGTCCCGTCTCTATTTCCGCGGTTGC
TGTTTTA624ThrSerLeuGIyAIaGlyProValSerIIe5erAlaValAlaValLeu195200205GCCCCCCA
CTCCGCGCTAGCATTGCTTGAGGATACCATGGACTACCCT672AlaProHisSerAlaLeuAlaLeuLeuGluAs
pThrMetAspTyrPro210215220GCCCGCGCCCATACTTTCGATGACTTCTGCCCGGAGTGCCGCCCCCTT72
0AlaArgAlaHisThrPheAspAspPheCysProGluCysArgProLeu225230235240GGCCTCCAGGGCTG
TGCTTTTCAGTCTACTGTCGCTGAGCTTCAGCGC768GlyLeuGlnGlyCysAlaPheGlnSerThrValAlaGl
uLeuGlnArg2452502S5 CTT AAG ATG AAG GTG GGT AAA ACT CGG GAG TTA TA Leu Lys
Met Lys Val Gly Lys Thr Arg Glu Leu 260 ' 265 (2) INFORMATION FOR SEQ ID
NO':18: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH: 267 amino acids (B) TYPE:
amino acid (D) TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE
DESCRIPTION: SEQ ID N0:18: Gln Leu Phe Tyr Ser Arg Pro Val Val Ser Ala Asn
Gly Glu Pro Thr I 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 5er Arg Pro Phe Ser Val Leu Arg Ala Asn Asp
Val Leu Trp Leu 65 ~ 70 75 80 Ser Leu Thr A1a Ala Glu Tyr Asp Gln Ser Thr
Tyr Gly Ser Ser Thr 85 90 95 8d3   Substitute Sheet 6 January 2003 -57 Gly
J?ro Val Tyr Val Ser Asp Ser Val Thr Leu Val Asn Val Ala Thr loo l05 11o
GIy AIa Gln AIa Val A1a Arg Ser Leu Asp Trp Thr Lys Val Th,: Leu 115 120
I25 Asp Gly Arg Pra Leu Ser Thr Ile Gln Gln Tyr Ser Lys Thr Fhe Phe 130 135
140 val Leu Pro Leu Arg GIy Lys Leu Ser Phe Trp Glu A1a Gly Thr Thr 145 150
155 160 Lys Ala Gly Tyr Pro Tyr Asn Tyr Asn Thr Thr Ala Ser Asp Gln Leu 165
I70 175 Leu Val Glu Asn Ala Ala Gly His Arg Val Ala Ile Ser Thr Tyr Thr 180
18S 190 Thr Ser Leu Gly Ala GIy Pro Val Ser Ile Ser Ala Val Ala Val Leu 19S
200 205 Ala Pro His Ser Ala Leu Ala Leu Leu Glu Asp Thr Met Asp Tyr Pro 210
' 2l5 220 Ala Arg Ala'His Thr Phe Rsp Asp Phe Cys Pro Glu Cys Arg Pro Leu
225 230 235 240 Gly Leu GIn Gly Cys Ala Phe Gln Ser Thr Val Ala Glu Leu Gln
Arg 24S 250 25S Leu -Lys Met Lys Val Gly Lys Thr Arg Glu Leu . 260 265 (2)
INFORMATION FOR SEQ ID N0:19: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
1686 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic) fix) FEATURE: (A)
NAME/KEY: CDS (B) LOCATION: 2..1687 (xi) SEQUENCE DESCRIPTION: SEQ ID
N0:19: 



T CGT AGA CCT ACC ACA GCT GGG GCC GCG CCG CTA ACC GCG GTC GCT 46 Arg Arg
Pro Thr Thr Ala Gly Ala Ala Pro Leu Thr Ala Val Ala 1 s Zo is   Substitute
Sheet - 6 January 2003 -58 CCGGCCCATGACACCCCGCCAGTGCCTGATGTTGACTCCCGCGGC
GCC94ProAlaHisAspThrProProVaiProAspV31AspSerArgGly
Ala20Z530ATCCTGCGCCGGCAGTATAACCTATCAACATCTCCCCTTACTTCT
TCC14ZIleLeuArgArgGlnTyrAsnLeuSerThr5erProLeuThrSer
Ser3s404sGTGGCCACCGGTACAAACTTGGTTCTATACGCCGCTCCTCTTAGCCCA190ValAlaThrGlyThr
AsnLeuValLeuTyrAlaAlaProLeu5erPro505560CTTCTACCCCTCCAGGACGGCACCp.ATACTCATAT
AATGGCCACAGA.n238LeuLeuProLeuGlnAspGlyThrAsnThzHisIIeMetAlaThrGIu657075GCTT
CTAATTATGCCCAGTACCGGGTTGCTCGTGCCACAATTCGCTAC286AIaSerAsnTyrAlaGlnTyrA=gValA
IaArgA1aThrIleArgTyr80859095CGCCCGCTGGTCCCCAACGCTGTTGGTGGCTACGCCATCTCCATCTC
G334Arg~ProLeu.ValProAsnA1aValGlyGlyTyrAlaIleSerIleSer100105110TTC~TGGCCA'C
AGACCACCACCACCCCGACGTCCGTTGACATGAATTCA.382PheTrpProG1nThrThrThrThrProThzSer
ValAspMetAsnSerJ,15120125ATAACCTCGACGGATGTTCGTATTTTAGTCCAGCCCGGCATAGCCTCC43
0I1eThrSerThrAspValArgIleLeuValGlnProGlyIleAlaSer130235~.140GAGCTTGTTATCCCA
AGTGAGCGCCTACACTACCGTAACCAAGGTTGG478GIuLeuValIleProSerGluArgLeuHisTyrArgAsn
GlnGlyTrp145l50155CGCTCTGTTGAGACCTCCGGGGTGGCGGAGGAGGAGGCCACCTCTGGT526ArgSer
ValGluThrSerGlyValAlaGluGluGluAlaThrSerGly160165170~175CTTGTTATGCTCTGCATACA
TGGCTCACCTGTAAATTCTTATACTAAT574LeuValMetLeuCysIleHisGlySerProValAsnSerTyrTh
rAsn180185190ACACCTTATACCGGTGCCCTCGGGCTGTTGGACTTTGCCCTCGAACTT622ThrProTyrTh
rGiyAIaLeuGlyLeuLeuAspPheAlaLeuGluLeu19520020SGAGTTCCGCAACCTCACCCCCGGTP.ATA
CCAACACGCGGGTCTCCCGTfi70G1uPheArgAsnLeuThrProGlyAsnThrAsnThrArgVal5erArg210
215220   Substitute Sheet - 6 January 2003 -59 TAC TCC AGC ACT GCC CGT CAC
CGC CTT CGT CGC GGT GCA GAT GGG ACT 718 Tyr Sex Se: Thr Ala Arg His Arg Lzu
Arg Arg GIy AIa Asp Gly Thr 225 230 235 GCC GAG CTT ACC ACC ACG GCT GCT ACC
CGC TTC ATG AAG GAC CTC TAT 766 A1a Glu Leu Thr Thr Thr Ala Ala Thr Arg Phe
Met Lys Asp Leu Tyr 240 245 250 255
TTTACTAGTAC~P.ATGGTGTCGGTGAGATCGGCCGTGGGATAGCGCTT814PheThr5erThrAsnGlyValGl
yGluIleGlyArgGlyIleAlaLeu260265270ACCCTGTTTA.~.CCTTGCTGACACCCTGCTTGGCGGTCTA
CCGACAG.~1A862ThrLeuPheAsnLeuA1aAspThrLeuLeuGlyGlyLeuProThrGlu275280285TTGA
TTTCGTCGGCTGGTGGCCAGCTGTTCTACTCTCGTCCCGTCGTC910LeuIleSerSerAlaGlyGlyGlnLeuP
heTyrSerArgProVaIVal290295.300TCAGCCAATGGCGAGCCGACTGTTAAGCTTTATACATCTGTAGAG
AAT95$SerAlaAsnGlyGluProThrValLysLeuTyrThrSerValGluAsn'305310315GCTCAGCAGGA
TAAGGGTATTGCAATCCCGCATGACATCGACCTCGGG~
1006AlaGlnGlnAspLysGlyIleAlaIle_ProHisAspIieAspLeuGly320325330335GAGTCTCGTG
TAGTTATTCAGGATTATGACAACCAACATGAGCAGGAC1054GluSerArgValValIleGlnAspTyrAspAsn
GlnHisGluGlnAsp340345350CGACCGACACCTTCCCCAGCCCCATCGCGCCCTTTTTCTGTCCTCCGA110
2ArgProThrProSerProAlaProSerArgProPheSerValLeuArg355360365
GCT~AATGATGTGCTTTGGCTTTCTCTCACCGCTGCCGAGTATGACCAG1J.50Ala.AsnAspValLeuTrpLe
uSerLeuThrAlaA1aGluTyrAspGln370375380TCCACTTACGGCTCTTCGACCGGCCCAGTCTATGTCTC
TGACTCTGTG1198SexThrTyrGlySerSerThrGlyProValTyrValSerAspSerVal38S390395ACCT
TGGTTAATGTTGCGACCGGCGCGCAGGCCGTTGCCCGGTCACTC1246ThrLeuValAsnValAlaThrGlyAIa
GlnAlaValAlaArgSerLeu400405410415GACTGGACCAAGGTCACACTTGATGGTCGCCCCCTTTCCACC
ATCCAG1294AspTrpThrLysValThrLeuAspGlyArgProLeuSerThrIleGlri420425430
Substitute Sheet_-
6January2003-60-CAGTATTCAA.~.GACCTTCTTTGTCCTGCCGCTCCGCGGTAAGCTCTCC1342GlnTy
rSerLysThrPhePheValLeuProLeuArgGlyLysLeu5er435440445TTTTGGGAGGCAGGTACTACTAA
AGCCGGGTACCCTTATP.ATTATAAC1390PheTrpGluAlaGlyThrThrLysAlaGlyTyrProTyrAsnTyr
Asn450455460ACCACTGCTAGTGACCAACTGCTCGTTGAGA.~TGCCGCTGGGCATCGG1439ThrThzAlaS
erAspGlnLeuLeuValGluAsnAlaAlaGlyHisArg465470475GTTGCTATTTCCACTTACACCACTAGCC
TGGGTGCTGGTCCCGTCTCTi486ValAlaIieSerThrTyrThrThrSerLeuGlyAlaGlyProValSer480
485490495ATTTCCGCGGTTGCTGTTTTAGCCCCCCACTCCGCGCTAGCATTGCTT1534IleSerAlaVa1Al
aValLeuAlaPraHisSerAlaLeuAlaLeuLeu500505510GAGGATACCATGGACTACCCTGCCCGCGCCCA
TACTTTCGATGACTTC15B2GluAspThrMetAspTyrProAlaArgAlahisThrPheAspAspPhe515520'
525TGCCCGGAG~TGCCGCCCCCTTGGCCTCCAGGGCTGfiGCTTTTCAGTCTl630CysProGluCysArgPro
LeuGlyLeuGlnGlyCysAlaPheGlnSer530S35540ACTGTCGCfiGAGCTTCAGCGCCTTPRGATGAAGGT
GGGTAA.~1ACTCGG7.678ThrValAlaGluLeuGlnArgLeuLysMetLysValGlyLysThrArg5455S0S
55 GAG TTA TA Glu Leu 560 (2) INFORMATION FOR SEQ ID N0:20: (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 562 amino acids (B) TYPE: amino acid (D)
TOPOLOGY: linaar (ii) biOLECULE TYPE: protein (xi) SEQUENCE DESCRIPTION:
SEQ ID N0:20: Arg Arg Pro Thr Thr Ala G1y Ala Ala Pro Leu Thr Ala Val Ala
Prv 1 5 10 15 1686 Ala His Asp Thr Pro Pro Val Pro Asp Val Asp Ser Arg Gly
Ala Ile 20 25 30   Substitute Sheet 6 ,lanuary 2003 -51 Leu Arg Arg Gln Tyr
Asn Leu Ser Thx Sex Pro Leu Thr Ser Ser Val 3S 40 45 Ala Thr Gly Thr Asn
Leu Va? Leu TYr Ala Ala Pro Leu Ser Pro Leu 50 55 60 Leu Pro Leu Gln Asp
Gly Thr Asn Thr His Ile Met Ala Thr Glu Ala 65 70 75 BO 5er Asn Tyr Ala Gln
Tyr Arg Val Ala Arg Ala Thr Tle Arg Tyr Arg 85 90 9S Pro Leu Val Pro Asn
Ala VaI Gly Gly Tyr AIa Ile Ser Ile Ser Phe 100 105 110 Trp Pro Gln Thr Thr
Thr Thr Pro Thr Ser Val Asp Met Asn Ser Ile 115 12D 125 Thr Ser Thr Asp Val
Arg I1e Leu Val Glri Pro Gly Ile Ala Ser Glu 130 135 140 Leu Val Ile Pro
Ser Glu Arg Leu His Tyr Arg Asn Gln Gly-Tzp Arg 145 I50 I55 160 Ser Val Glu
Thr Ser Gly Val Ala Glu Glu Glu Ala Thr Se~ Gly Leu 165 170 175 Val Met Leu
Cys Ile His Gly Ser Pro Val Asn Ser Tyr Thr Asn Thr 190 18S 190 Pro Tyr Thr
Gly Ala Leu Gly Leu Leu Asp Phe Ala Leu G1u Leu Glu 195 200 20S Phe Arg Asn
Leu Thr Pro Gly Asn Thr Asn Thr Arg Val Ser Arg Tyr 210 215 220 Ser Ser 2hr
Ala Arg His Arg Leu Arg Arg Gly Ala Asp Gly Thr Ala 22S 23D 235 240 Glu Leu
Thr Thr Thr Ala Ala Thr Arg Phe Met Lys Asp Leu Tyr Phe 295 2S0 25S Thr Ser
Thr Asn Gly Val Gly Glu Ile Gly Arg Gly Ile Ala Leu Thr 260 265 270 Leu Phe
Asn Leu Ala Aso Thr Leu Leu Gly Gly Leu Pra Thr Glu Leu 275 280 285 Ile Ser
Ser Ala Gly Gly Gln Leu Phe Tyr Ser Arg Pra Val Val 5er 290 29S 30d Ala Asn
Gly Glu Pro Thr Val Lys Leu Tyr Thr Ser Val Glu Asn Ala 3D5 310 315 320
Substitute Sheet - 6 January 2003 



-62 GlnGlnAspLysGly;
leAlaIleProHisAspIleAspLeuGlyGlu32533D335SerArgValValIleGlnAspTyrAspAsnGlnH
isGluGlr.AspArg34034S350ProTheProSerProAlaProSerArgProPheSerValLeuArgAla355
360365AsnAspValLeuTrpLeuSerLeuThrAlaAlaGluTyrAspGlnSer370375380ThrTyrGlySe:
SerThrG1yProVaITyrValSeyAspSerValThr38539039S400LeuValAsnValA1aThrGlyAlaGln
AlaValAlaArgSerLeuAsp40S410415TrpThrLysValThrLeuAspGlyArgProLeuSerThrIleGln
Gln420425430TyrSerLysThrPhePheValLeuProLeuArgG1yLysLeuSerPhe43544044STrpGlu
AlaGlyThrThrLysAlaGlyTyrProTyrAsnTyrAsnThr450455460ThrAlaSerAspGlnLeuLeuVal
GluAsnAlaA1aGlyHisArgVal465470475480AlaIleSerThrTyrThrThrSerLeuGlyAlaGlyPro
ValSerIle4B5490495SerAlaVaIAIaValLeuAlaProhisSerAlaLeuAlaLeuLeuGluS00..5055
20AspThrMetAspTyrProAlaArgAlaHisThrPheAspAspPheCys515520.525ProGluCysArgPro
LeuGlyLeuGlnGlyCysAlaPheGlnSerThr53D535540VaIAlaGluLeuGlnArgLeuLysMetLysVal
GlyLysThrArgGlu5455S0555a60Leu(2)INFORMATIONFORSEQTD N0:21: ( i ) SEQUENCE
CEiARACTEAISTIC5 (A) LENGTH: 331 base pairs ($? TYPE: nucleic acid
Substitute Sheet 6 January 2003 -63 (C) STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: DNA (genomic) ( 7.X ) FEATURE (A) Np~/KEY: CDS
(B) LOCATION: 1..33I (xi) SEQUENCE DESCRIPTION: SEQ ID N0:21:
ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGTTTCTGCCTATG48MetArgProArgProIleLeuLeuL
euLeuLeuMetPheLeuProMet151015CTGCCCGCGCCACCGCCCGGTCAGCCGTCTGGCCGCCGTCGTGGGC
GG90LeuProAlaProProProGlyGInProSerGlyArgArgArgGlyArg202530CGCAGCGGCGGTTCCGG
CGGTGGTTTCTGGGGTGACCGGGTTGATTCTl44ArgSerGlyGlySerGlyGlyGlyPheTrpGlyAspArgVa
IAspSer354045CAGCCCTTCGCAATCCCCTATATTCATCCAACCA-~CCCCTTCGCCCCC192GlnProPheA
laIleProTyrIleHisProThrAsnProPheAlaPro505560GATGTCACCGCTGCGGCCGGGGCTGGACCTC
GTGTTCGCCAACCCGCC240AspValThrAlaAlaAlaGlyAlaGlyProArgValArgG1nProAla6570758
0CGACCACTCGGCTCCGCTTGGCGTGACCAGGCCCAGCGCCCCGCCGTT28-8ArgProLeuG1ySerAlaTrpA
rgAspGlnAlaGlnArgProAlaVal8590100GCCTCACGTCGTAGACCT-ACCACAGCTGGGGCCGCGCCGCT
AA331A1aSerArgArgArgProThrThrAlaGlyAIaA1aProLeu-_1051l0125 (2)
INFORt~tATION FOR SEQ ID N0:22: (i) SEQUENCE CHARACTERISTICS: (A) LENGTH:
110 amino acids (B) TYPE: amino acid (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: protein (xi) SEQUENCE DESCP~IPTION: SEQ ID N0:22: biet Arg Pro Arg
Pro Ile Leu Leu Leu Leu Leu Met Phe Leu Pro biet 1 5 IO 15   Substitute
Sheet - 6 January 2003 -s4 Leu Pro Ala Pro Pro Bro GIy Gln Pro Ser Gly Arq
Arg Arg Gly Arg 20 25 30 Arg Sez Gly Gly Ser GIy Gly Gly Phe Trp Gly Asp
Arg Val Asp Ser 35 40 45 Gln Pro Phe Ala Ile Pro Tyr Ile His Pro T'~r Asn
Pro Phe AIa Pro 50 55 60 Asp Val Thr Ala Ala Ala Gly Ala Gly Pro Arq Val
Arg Gln Pro Ala 65 ?0 ?5 BO Arg Pro Leu Gly Ser Ala Trp Arg Asp Gln AIa Gln
Arg Pro Ala Val 85 90 95 Ala Ser Arg Arg Arg Pro Thr Thr Ala Gly Ala Ala
Pro Leu 100 105 1I0 (2) INFORMATION FOR 5EQ ID N0:23: (i) SEQUENCE
CHARACTERISTICS: (A) LENGTH: 672 base pairs (B) TYPE: nucleic acid (C)
STRAtv'DEDNESS: single (D) TOPOLOGY: linear (ii? MOLECULE TYPE: DNA
(genomic) (1x) FEATURE: (A) NAME/KEY: CDS (B) LOCATION: 1..672 (xi)
SEQUENCE DESCRIPTION: SEQ ID N0:23:
ATGCGCCCTCGGCCTATTTTGCTGTTGCTCCTCATGTTTCTGCCTATG48M2tArgProArgProIleLeuLeuL
euLeuLeuMetPheLeuProMet51015CTGCCCGCGCCACCGCCCGGTCAGCCGTCTGGCCGCCGTCGTGGGCG
G96LeuProAlaProProProGlyGlnProSerGlyArgArgArgGlyArg202530CGCAGCGGCGGTTCCGGC
GGTGGTTTCTGGGGTGACCGGGTTGATTCT149ArgSerGIyGlySerGlyGlyGlyPheTrpGlyAspArgVal
AspSer354045CAGCCCTTCGCAATCCCCTATATTCATCCAACCPACCCCTTCGCCCCC192GlnProPheAla
IleProTyrIleHisProThrAsnProPheAIaPro5ass60GATGTCACCGCTGCGGCCGGGGCTGGACCTCGT
GTTCGCCPACCCGCC240AspValThrAlaAlaAlaGlyAlaGlyProArgValArgGlnProAla65707580
Substitute Sheet - 6 January 2003 65 CGA CCA CTC GGC TCC GCT TGG CGT GAC
CAG GCC CAG CGC CCC GCC GTT 288 Arg Pro Leu Gly Ser A1a Trp A=g Asp Gln Ala
Gln Arg Pro Ala Val 85 90 95
GCCTCACGTCGTAGACCTACCACAGCTGGGGCCGCGCCGCTAACCGCG336AlaSerArgArgArgProThrThr
AlaGlyAlaAlaProLeuThrAla100105110GTCGCTCCGGCCCATGACACCCCGCCAGTGCCTGATGTTGAC
TCCCGC394ValAlaProAlaHisAsgThrProProVa1ProAspValAspSerArg21512012SGGCGCCATC
CTGCGCCGGCAGTATAACCTATCAACATCTCCCCTTACT432GlyAlaIleLeuArgArgGlnTyrAsnLeuSer
ThrSerProLeuThr130135l40TCTTCCGTGGCCACCGGTACAAACTTGGTTCTATACGCCGCTCCTCTT480
SerSerValAlaThrGlyThrAsnLeuValLeuTyrAlaAlaProLeu145I50155260AGCCCACTTCTACCC
CTCCAGGACGGCACCA-ATACTCATATAATGGCC528SerProLeuLeuProLeuGlnAspGlyThrAsnThrHi
sT_leMetAla16517D~175ACAGAAGCTTCTAATTATGCCCAGTACCGGGTTGCTCGTGCCACAATT576Thr
GluAlaSerAsnTyrAlaGln2'yrArg
~ValAlaArgAlaThrIle180Z851.90CGCTACCGCCCGCTGGTCCCCA-T1CGCTGTTGGTGGCTACGCCAT
CTCC6Z4ArgTyrArgProLeuValProAsnAlavalGlyGlyTyrAlaI1eSer19520D205ATCTCGTTCTG
GCCACAGACCACCACCACCCCGACGTCCGTTGACATG672IleSerPheTrpProGlnThrThrThrThrProTh
rSerValAspMet2l02Z5220(2)INFORMATIONFORSEQID N0:24: (i) SEQUENCE
CHAR.~1CTERISTICS: (A) LENGTH: 224 amino acids (B) TYPE: amino acid (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRIPTION: SEQ
ID N0:24: 



Met Arg Pro Arg Pro Ile Leu Leu Leu Leu Leu Met Phe Leu Pro Met 1 5 10 15
Leu Pro Ala Pro Pro Pro Gly Gln Pro Ser Gly Arg Arg Arg Gly Arg 20 25 30
Substitute Sheet - 6 January 20Q3 -60 Arg Ser G1y Gly Ser Gly Gly Gly Phe
Txp Gly Asp Arg Val Asp Ser 35 40 45 Gln Pro Phe A1a Ile Fro Tyr Ile ~iis
Pro Thr Asn Pro Phe Ala Pro 50 55 60 Asp Val Thr Ala Ala Ala GJ.y Ala Gly
Pro Arg Val Arg Gln Pro Ala 65 70 75 80 Arg Pro Leu Gly Ssr Ala Trp Arg Asp
Gln A1a Gln ~.lrq Pro A1a Val 85 90 95 Axa Ser Arg Arg Arg Pro Thr Thr Ala
Gly Ala Ala Pra Leu Thr Ala 200 105 110 val Ala Pro Ala His Asp Thr Pro Pro
Val Pro Asp Val Asp Ser Arg 11S 120 12S Gly Ala Ile Leu Arg Arg Gln Tyr Asn
Leu Sex Thr Ser Pro Leu Thr 13Q 135 l40 Ser Ser Val~Ala Thr Gly Thr Asn Leu
Val Leu Tyr Ala Ala Pro Leu l45 l50 155 160 Ser Pro Leu~Leu Pro Leu Gln Asp
Gly Thr Asn Thr His Ile Met AIa 165 170 175 Thr Glu Ala Ser Asn Tyr Ala GIn
Tyr Arg Val Ala Arg Ala Thr I1e 190 185 190 Arg Tyr Arq Pro Leu Val Pro Asn
Ala Val Gly Gly-Tyr Ala Ile Ser 195 200 205 Tle Ser Phe Trp Pro G1n Thr Thr
Thr Thr Pro Thr Ser Val Asp biet 210 . 215 . 220   Substitute Sheet - 6
January 2003 THE CLAIMS DFFINTNG THE INVENTION AFIJ AS FOLLOWS: 1. A
reeombinan,t polypeptide encoded by a nucleotide sequence selected from the
list consisting of clone 2.1 (SJrQ 1D N0:17), clone 2.3 (SEQ ID N0:21 ) and
clone 2.4 (SEQ ID N0:23) of Hepatitis E Virus (HEV) as set forth in Figure
5. 2. A recombinant polypeptide according to claim 1 wherein said
recombinant mc~leeule is interactive with convalescent phase antibodies to
HEV. 3. A recorrtbinant polypeptide according to claim 1 or 2 vvher~in said
recombinant molecule is interacixve with acute phase antibodies to HEV. 4.
A recombinant polypeptide comprising first and second ~ amino acid
sequences wherein said first amino acid sequence is encoded by a nucleotide
sequence selected from clone 2.1 (SEQ ID N0:17), clone 2.3 (SEQ ID N0:2I)
and clone 2.4 (SEQ ID N0:23) as set forth in Figure 5 and wherein said
second amino acid sequence is a non-HEV encoded peptide, polypeptidc or
protein. 5. A reconnbiz~az~t polypeptide according to claim, 4 wherein said
first amino acid sequence is interactive with convalescent phase antibodies
to HEV. 6. A recombinant polypeptide according to clairl 4 or 5 wherein
said first amino acid sequence is interactive with acute phase antibodies
to HEV. 7. A recombinant polypeptide according to claim 4, 5 or 7 wherein
said second amino acid sc^.quertce is glutathione-S-transferase (GST) or a
part or derivative thereof. 8. An isolated nucleic acid molecue comprising
a sequence o xlucleoti.des selected from the list consisting of clone 2.1
(SEQ ID NO:l7), clone 2.3 (SEQ TD N0:21) and clone 2.4 (SEQ ID N0:23) as
set forth in Figure 5~.   6g Substitute Sheet - 6 January 2003 9. An
isolated nucleic acid molecule according to claim S further comprising a
second nucleotide sequence encoding or complementary to a sequence encoding
a peptide, polypeptide or protein of non-HEV origin. 10. ,A,zz iso).ated
nucleic acid molecule according to elai~zx 9 wherein the second nucleotide
sequence encodes or is complementary to a sequence wluch encodes GST or a
part or derivative thereof. 11. An expression vector having a nucleotide
sequence according to ciaizn 8 or 9. 12. A method for detecting HEV
interactive antibodies in a biological sample said 



method comprisinb contacting a recombinant polypeptide according to any one
of claims 1 to 7 with said biological sample for a time and under
conditions sufficient to permit a complex to form with HEV antibodies if
present in said biological sample and then detecting the complex wherein
the presence of said complex is indicative of said HEV interactive
antibodies. 13. A method according to claim 12 wherein said HEV interactive
antibodies are HEV acute phase antibodies and said polypeptide comprises an
ORF2 polypeptide of HEV produced by expression of a sequence of nucleotides
as set forth in clone 2.1 (SEQ ID N0:17), 2.3 (SEQ ID N0:21) or ?.4 (SEQ !D
N0:23) in FiaTttre 5. 14. A method for, detecting HEV acute phase
antibodies in a biological sample said method comprising contacting said
biological sample with a polypeptide for a time and under conditions
sufficient to permit a complete to form with HEV antibodies if present in
said biological sample and then detecting the comple:~ wherein said
polypeptide comprises an ORF2 polypeptide of HEV consisting essentially of
amino acids 394-660 of ORF2 polypeptide of HEV. 1~. .4 method fox detectinb
HEV acute phase antibodies in a biological sample said method comprisinb
contacting said biological sa1ple with a polypeptide for a time   s 69
Substitute Shoet - 6 January 2003 and under conditions sufficient to permit
a complex to form with HEV antibodies if present in said biological sample
and then detecting the complex wherein said polypeptide comprises an OltF2
polypeptide of HEV produced by expression of a 3' end portion of SEQ ID
NO:I. 16. A method for detecting HEV convalescent phase antibodies in a
biological sample said method comprising contacting said biological sample
with a polypeptide for a time and under conditions sufficient to permit a
complex to form with HEV antibodies if present in said biological sample
and then detecting the complex wherein said polypeptide is produced by
expression o'C a nucleic acid molecule comprising a 3' end portion of SEQ
ID NO:1. 17. A method according to claim 12 wherein said I-IEV interactive
antibodies are HEV convalescent phase antibodies and said polypeptide is
produced by expression of nucleotides as sit forth in clone 2.1 in Fiwre 5.
1S. A r~~ethod for detecting IiEV convalescent phase antibodies in a
biological sample said method comprising contacting said biological sample
with a polypeptide for a tiz~ae and under conditions sufficient to permit a
comple~c to form with HEV antibodies if present in said biological sample
and then detecting the complex wherein said polypeptide comprises an O1ZT2
polypeptide of HEV consisting essentially of. amino acids 394-660 of ORF2
polypeptide of HEV. 19. A method according to claim 12 wherein said HEV
interactive antibodies are acute phase antibodies and said polypeptide
comprises an 012F2 polypepti.de of I-IEV consisting essentially of amino
acids as set fern in SEQ ID N0:18, SEQ TD N0:22 or SEQ 1D I~O:24. 20. A
metlaod according to any one of claims 12-19 wherein said biological sample
is whole blood, plasma, serum or saliva.   i , Substitute Sheet - 6 January
2003 21. A ~netlaod accotd>`ng to any one of claims 1 Z-20 wherein said
recombinant polypeptide further comprises a sequence of amino acids from a
non-HEV peptide, polypeptide or protein. 22. A method according to claim 21
wherein the further amino acid sequence is GST or a part or derivative
thereof. 23. A vaccine to inhibit, reduce or ameliorate the effects of HEV
infection in a human, said vaccine comprising a polypeptide according to
any one of claims 1 to 7 and one or more carriers and/or diluents suitable
for use in a vaccine. 24. Use of ~a recombinant polypeptide according to
azty one of claims 1 to 7 in tshe manufachire of a medicarztent or the
treatment and/or prophylaxis of HEV. 25. Use of an ORF2 polypeptide of HEV
consisting of amino acids 394-660 in the manufacture of a medicament or the
treatment and/or prophylaxis of HEV. 26. Use of a polypeptide comprising an
ORF2 polypeptide of HEV produced by expression of a 3' end nucleotide
sequence of SEQ ID NO:1 in the manufacture of a medicament for the
treatment and/or prophyla~cis of KIEV. 27. A tut for detecting antibodies
to HEV, said kit comprising in compartmental form a f~z'st compartment
comprising a recoxnbinant polypeptide according to any one of claims 1 to 7
comprisizig one or more further compartments comprising agents suitable for
detecting antibodies. ~8. A kit for detecting antihodies to IIEV, said kit
comprising in cornparkmental form a first compartnaent comprising an OI~2
polypeptide of HEV eonsisri,z~g essentially of amino acids 394-660 of HEV
and one or mo:e further compartments corrtprising agents suitable for
detecting antibodies.   y 71 Substitute Sheet - 6 January 2003 



29. The lcit according to claim 27 wherein said polypeptide comprises one
or more ORT2 polypeptides of HEV produced by expression o.f a sequence of
nucleotides as set forth in clones 2.1 (SEQ ZD N0:17), 2.3 (SEQ ID N0:21)
or 2.4 (SEQ ID N0:23} in Fi~ure 5. 30. A recoirbinant polypeptidc according
to a~~y one of claims 1 to 7 or an isolated nucleic acid molecule accordin?
to any one of claims 8 to 10 or an expression vector according to claim 11
or a method according to any one of claims 12 to 22 or a use according to
claims 24-26 or a vaccine accozdinb to claim 26 or a kit according to
claims 27 to 29 substantially as hereinbefore described with reference to
the Figures and/or E.camples.
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%(&'()-/(10%(&'()-/(10%(&'()-/j4n4s4t4x4M1_?80%(10%(&'()-/1q~v nf^VN2!;
%((10%(&'()-/(10%(&'()-/x4|444444_?80%(10%(10%(&'()-/(10%(&'()-/(10%(&'()-/
(10%(&'()-/(10%(&'()-/(10%(&'()-/4444444_?80%(10%(10%(&'()-/(10%(&'()-/(10%
(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/44444_?80%(10%(10%(&'()-/(10%(&'()-
/(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/44444rV6_?80%(10%(&'()-/(10%(&
'()-/(10%(&'()-/0q~v nf^VN2!;
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(&'()-/(10%(&'()-/44444444pT80%(10%(&'()-/(10%(&'()-/-(10%(&'()-/(10%(&'()-
/(10%(&'()-/(10%(&'()-/(10%(&'()-/44444nN.pT80%(10%(&'()-/(10%(&'()-/(10%(&
'()-/q~v nf^VN2!;
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0%(&'()-/444555
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/ 55555M1_?80%(10%(&'()-/1q~v nf^VN2!;
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%(5555555_?80%(10%(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/(1
0%(&'()-/5555555_?80%(10%(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&
'()-/(10%(&'()-/55555M1_?80%(10%(&'()-/1q~v nf^VN2!;
%((10%(&'()-/(10%(&'()-/5555555_?80%(10%(10%(&'()-/(10%(&'()-/(10%(&'()-/(1
0%(&'()-/(10%(&'()-/(10%(&'()-/5555555_?80%(10%(10%(&'()-/(10%(&'()-/(10%(&
'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/55555_?80%(10%(10%(&'()-/(10%(&'()-/(
10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/55666nR6_?80%(10%(&'()-/(10%(&'(
)-/(10%(&'()-/q~v nf^VN2!;%(66666
666pT80%(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/(10%(&'()-/(
10%(&'()-/66666666oO30%(10%(&'()-/((10%(&'()-/(10%(&'()-//(10%(&'()-//(10%(
&'()-/(10%(&'()-/((10%(&'()-/6666
6!6#6sfYL,30%(10%(&'()-10(10(10((10%(&'()-/q~v nf^VN2!;
%(#6$6%6&6'6(6)6*6tX<0%(10(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()
-(10%(&'()-(10%(&'()-*6+6,6-6.6/606A6tX80%(10%(&'()-(10%(&'()-(10%(&'()-(10
%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-A6B6C6D6E6F6V:(10%(&'()-(10%(&'()-qH@8
0;
3!$|((10%(&'()-(10%(&'()-F6G6H6I6J6K6L6M6tX<0%(&'()-(10%(&'()-(10%(&'()-(10
%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-M6N6O6P6Q6R6V6^6tT40%(&'(10%
(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-^6c6d6e6f
6mQ5tT40%(&'(10%(&'()-)(10%(&'()-qH@8 0;
3!$|(((10%(&'()-f6g6h6i6j6k6l6m6tX<0%(&'(10%(&'()-(10%(&'()-(10%(&'()-(10%(
&'()-(10%(&'()-(10%(&'()-(10%(&'()-m6q6s6t6u6v6w6x6kO30%(&(10%(&'()-(10%(&'
()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-x6y6z6~66rR2kO30%(&(10
%(&'()-(10%(&'()-qH@8 0;
3!$|((10%(&'()-6666666_?30%(&(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&
'()-(10%(&'()-6666666_?30%(&(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-66666-_?30%qH@8 0;
3!$|((10%(&'()-(10%(&'()-(10%(&'()-6666666dD30%qH@8 0;
3(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-6666666_?30%qH
@8 0;
3(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-666677c?30%qH@
8 0;
3(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-777777rV:(10%(
&'()-0(10%(&'()-(10%(&'()-(10%(&'()-qH@8 0;3!$|(777
77777oO30%(&(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10
%(&'()-7777777pT30%(&(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%
(&'()-(10%(&'()-77"7&7*7nN.pT30%(10%(&'()-(10%(&'()-(10%(&'()-qH@8 0;
3!$|(*7.72767:7>7B7_?30%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-B7F7J7N7R7V7Z7_?30%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()
-(10%(&'()-(10%(&'()-Z7^7c7d7h7M1_?30%(10%(&'()-1qH@8 0;
3!$|((10%(&'()-(10%(&'()-h7l7p7t7x7|77_?30%(10%(10%(&'()-(10%(&'()-(10%(&'(
)-(10%(&'()-(10%(&'()-(10%(&'()-7777777_?30%(10%(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-(10%(&'()-(10%(&'()-77777_?30%(10%(10%(&'()-(10%(&'()-(10%(&'(
)-(10%(&'()-(10%(&'()-(10%(&'()-77777rV:_?30%((10%(&'()-(10%(&'()-(10%(&'()
-0qH@8 0;
3!$|(77777777oO30%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-77777777pT80%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()
-(10%(&'()-(10%(&'()-77777nN.pT80%(10%(&'()-(10%(&'()-(10%(&'()-qH@8 0;
3!$|(7777777_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%
(&'()-7777777_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10
%(&'()-78888M1_?80%(10%(&'()-1qH@8 0;
3!$|((10%(&'()-(10%(&'()-888888#8_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10
%(&'()-(10%(&'()-(10%(&'()-#8'8+8/83878;
8_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-;
8?8C8G8H8_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'
()-H8I8J8K8O8rV6_?80%(10%(&'()-(10%(&'()-(10%(&'()-0qH@8 0;
3!$|(O8P8Q8R8S8W8X8Y8pT80%(10%(&'()-(10%(&'()--(10%(&'()-(10%(&'()-(10%(&'(
)-(10%(&'()-(10%(&'()-Y8Z8[8_8`8a8b8c8pT80%(10%(&'()-(10%(&'()--(10%(&'()-(
10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-c8d8h8l8p8nN.pT80%(10%(&'()-(10%(&'(
)-(10%(&'()-qH@8 0;
3!$|(p8t8x8|8888_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-
(10%(&'()-8888888_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()
-(10%(&'()-88888M1_?80%(10%(&'()-1qH@8 0;
3!$|((10%(&'()-(10%(&'()-8888888_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%
(&'()-(10%(&'()-(10%(&'()-8888888_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10
%(&'()-(10%(&'()-(10%(&'()-88888_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%
(&'()-(10%(&'()-(10%(&'()-88888rR6_?80%(10%(&'()-(10%(&'()-(10%(&'()-0qH@8
0;
3!$|(88888888pT80%(10%(&'()-(10%(&'()-(10%(&'()--(10%(&'()-(10%(&'()-(10%(&
'()-(10%(&'()-88999999pT80%(10%(&'()-(10%(&'()-(10%(&'()--(10%(&'()-(10%(&'
()-(10%(&'()-(10%(&'()-99999nN.pT80%(10%(&'()-(10%(&'()-(10%(&'()-qH@8 0;
3!$|(9999#9'9+9_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(
10%(&'()-+9/93979;
9?9C9_?80%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-C
9G9L9M9Q9M1_?80%(10%(&'()-1qH@8 0;
3!$|((10%(&'()-(10%(&'()-Q9U9Y9]9a9e9i9_?80%(10%(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-(10%(&'()-(10%(&'()-i9m9q9u9y9}99_?80%(10%(10%(&'()-(10%(&'()-
(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-99999_?80%(10%(10%(&'()-(10%(&'()-(
10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-99999nR6_?80%(10%(&'()-(10%(&'()-(10
%(&'()-qH@8 0;
3!$|(99999999pT80%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-|(10%(&'()-(10%(&
'()-(10%(&'()-99999999oO30%(10%(&'()-((10%(&'()-(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-((10%(&'()-99999nN.oO30%(10%(&'()-(10%(&'()-(10%(&'()-qH@8 0;
3!$|(9999999_?30%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%
(&'()-9999999_?30%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10
%(&'()-99999M1_?30%(10%(&'()-1qH@8 0;
3!$|((10%(&'()-(10%(&'()-999::::_?30%(10%(10%(&'()-(10%(&'()-(10%(&'()-(10%
(&'()-(10%(&'()-(10%(&'()-:::::#:':_?30%(10%(10%(&'()-(10%(&'()-(10%(&'()-(
10%(&'()-(10%(&'()-(10%(&'()-':+:/:3:4:_?30%(10%(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-(10%(&'()-(10%(&'()-4:5:6:7:8:9:rV:(10%(&'()-((10%(&'()-(10%(&
'()-(10%(&'()-0qH@8 0;
3!$|(9:=:>:?:@:A:E:F:oO30%(&(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-(10%(&'
()-(10%(&'()-(10%(&'()-F:G:H:I:M:N:O:pT30%(&(10%(&'()-(10%(&'()-(10%(&'()-(
10%(&'()-(10%(&'()-(10%(&'()-(10%(&'()-O:P:Q:x:|:sR1pT30%( 's@10%&'()-S
s@10%8(&'()-S(10%(&'()-qH@8 
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s*10%8(&'()-<<0==>>>|[:bU4(   `310%#&'()- `310%#&'()- K`310%#&'()-3
`310%#&'()-  }`310%#&'()- ,10%#&'()->??)@5@u@@|[:bU4(   sv%Y10%h&'()-
$10%#&'()- $ `10%!&'()- 3 `10%#&'()-  <`310%&'()-
`310%#&'()-@AABOBPBQBRBtB|obU4(  "10%#&'()-10a#10a#10a# %sv%Y10%a#&'()- 3
sv%Y10%a#&'()-  sv%Y10%N#&'()-  sv%Y10%X#&'()- tByBBVCC;DD|[:bU4(   `
F10%#&'()- ( ` F10%#&'()- ( #` F10%#&'()- (3 ` F10%#&'()- ( b` F10%#&'()- (
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&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:
f10%+$&'()-[I_IcIkIlIpItIcCA410#
&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10
%+$&'()-:tIxI|IIIII_?A410#
&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10
%+$&'()-:IIIIIrR2_?A410&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:q tld\TL5
#IIIIIII_?A410&f&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#
10%+$&'()-:&f#10%+$&'()-:IIIIIII_?A410&f&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+
$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:IIIIIQ1_?A41&f#10%+$&'()-:
q tld\TL5
#&f#10%+$&'()-:&f#10%+$&'()-:IIIIIIIIpT841&f#10%+$&'()-:&f#10%+$&'()-:&f#10
%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:IIIIIIIIpT
441&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f
#10%+$&'()-:&f#10%+$&'()-:IIIIIV6pT441&f#10%+$&'()-:q tld\TL5
#&f#10%+$&'()-:&f#10%+$&'()-:IIIIIIJ_?441&f#10%+$&'()-:&f#10%+$&'()-:&f#10%
+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:JJ
JJJJJ_?441&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&
'()-:&f#10%+$&'()-:JJ"J&J)J_?441&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&
f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:)J*J.J2J6JrR2_?441&f#10%+$&'()-:&f
#10%+$&'()-:&f#10%+$&'()-:q tld\TL5
#6J:J>JBJFJJJNJ_?441&f&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'(
)-:&f#10%+$&'()-:&f#10%+$&'()-:NJRJVJZJ^JbJfJ_?441&f&f#10%+$&'()-:&f#10%+$&
'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:fJjJkJlJmJQ5_?
441&f#10%+$&'()-:q tld\TL5
#&f#10%+$&'()-:&f#10%+$&'()-:mJnJoJrJsJtJuJvJpT841&f#10%+$&'()-:&f#10%+$&'(
)-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:vJ
yJzJ{J|J}JJJoO341&f#10%+$&'()-:(&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&
f#10%+$&'()-:&f#10%+$&'()-:(&f#10%+$&'()-:JJJJJV6oO341&f#10%+$&'()-:q
tld\TL5
#&f#10%+$&'()-:&f#10%+$&'()-:JJJJJJJ_?341&f#10%+$&'()-:&f#10%+$&'()-:&f#10%
+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:JJJJJJJ_?341&f#10%+$&'()-
:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:JJJJ
J_?341&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-
:&f#10%+$&'()-:JJJJJrR2_?341&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:q
tld\TL5
#JJJJJJJ_?341&f&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#1
0%+$&'()-:&f#10%+$&'()-:JJJJJKK_?341&f&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&
'()-:&f#10%+$&'()-:&f#10%+$&'()-:&f#10%+$&'()-:K KKK
KQ5_?341&f#10%+$&'()-:q tld\TL5 #&f#10%+$&'()-:&f#10%+$&'()-: 
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