wo 2018/057773 A1 | I 000000 OO0 R0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P <
O remiation = 00T 0 0O
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 2018/057773 Al

29 March 2018 (29.03.2018) WIPOQ|PCT

(51) International Patent Classification:

GOIN 33/50 (2006.01) A61K 31/00 (2006.01) PUthh.edf .
CI12Q 1/70 (2006.01) AG61K 39/00 (2006.01) —  with international search report (Art. 21(3)) ,
AG1K 38/00 (2006.01) — bef?re the expiration of ?he tm?e limit for amendlng the
claims and to be republished in the event of receipt of
(21) International Application Number: amendments (Rule 48.2(h))
PCT/US2017/052769

(22) International Filing Date:
21 September 2017 (21.09.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/398,297 22 September 2016 (22.09.2016) US

(71) Applicant: THE TRUSTEES OF PRINCETON
UNIVERSITY [US/US]; 87 Prospect Avenue, Princeteon,
NJ 08544 (US).

(72) Imventors: PLOSS, Alexander; 465 Meadow Road, Apt.
9103, Princeton, NJ 08540 (US). DING, Qiang; 242 Nassau
Street, Apt. 2, Princeton, NJ 08542 (US).

(74) Agent: BALICKY, Eric, M. et al.; Hamilton, Brook, Smith
& Reynolds, P.C., 530 Virginia Rd, P.o. Box 9133, Con-
cord, MA 01742-9133 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: METHODS AND COMPOSITIONS FOR INHIBITING HEPATITIS E VIRUS

(57) Abstract: The present invention provides a method of inhibiting hepatitis E virus (HEV) release from a cell that is infected with an
HEV, and a method of treating a HEV infection in a subject in need thereof. The present invention also provides a method of identifying
an agent that inhibits HEV infectivity using a transcomplementation system.



WO 2018/057773 PCT/US2017/052769

-1-

METHODS AND COMPOSITIONS FOR INHIBITING HEPATITIS E VIRUS

RELATED APPLICATION(S)

This application claims the benefit of U.S. Provisional Application No. 62/398,297,
filed September 22, 2016. The entire teachings of the above Application are incorporated

herein by reference.

BACKGROUND

{06001} Hepatitis B, transmitted by the hepatitis E viras (HEV), is the leading cause of
enterically-transmitted viral hepatitis globally and a major public health threat in developing
countries. In the general population, HEV-associated mortality 1s roughly 1%. However, the
risk to pregnant women is significantly higher, reaching as high as 25% amongst women with
HEV infections during their third trimester, resulting in 70,000 deaths and 3,000 stillbirths
every year. While most HEV infections occur in developing countries, recent
eptdemuociogical studies have found a high seroprevalence of anti-HEV antibodies in
industrialized countries (Dalton, H. R, er af Lancet Infect Dis &, 698-709 (2008)), suggesting
exposure to the virus from travel to HEV endemic areas or from contact with pigs, a major
reservoir of HEV. In a majority of cases, HEV causes an acute tnfection, but amongst
immunocompromised patients — notably organ transplant recipients (Schildgen, O, efal N
Engl J Med 358, 2821-2522, author reply 2522 (2008);, Kamar, N. ef af. N fingl ./ Med 358,
811-817 (2008)) and individuals co-infected with HIV (Dalton, H R er ol N Engl J Med
361, 1025-1027 (2009} — HEV can progress to chronicity.

{6002} Pegylated interferon (JFN} and the nucleoside analogue ribavirin (RBV} have
been used to treat HEV infection, but the use of these drugs is not recommended in certain
patient groups, including pregnant women and organ transplant recipients. Although a
vaccine for preventing HEV infection has been developed, it 1s not available in most
couniries Zhang, I ef al. N Fagl S Med 372, 914-922 (2015)). Moreover, HEY 1solates
resistant to RBY have been identified (Debing, Y. e7 al. Gastroenterology 147, 1008-1011
1007, quiz €1015-1006, doi:10.1053/f. gastro.2014.08.040 (2014)),

{0003} Accordingly, there is a significant unmet need for an anti-HEV therapeutic having

broad applicability and/or enhanced efficacy.
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SUMMARY OF THE INVENTION

{0004} In one aspect, the present invention provides a method of inhibiting hepatitis E
viras (HEV) release from a cell that is infected with an HEV, comprising contacting the cell
with an agent that inhibits one or more activities of HEV open reading frame 3 (ORF3)
protein, wherein the one or more ORF3 activities are selected from, ¢.g., 1on channel activity,
multimerization activity, and/or viroporin activity.

10005] In another aspect, the present invention also provides a method of treating a HEV
infection 1n a subject in need thereof, comprising admunisteriog to the subject an effective
amount of an agent that inhibits one or more activities of HEV ORF3 protein, wherein the
one ot more activiies are selected from, e.g., ion channel activity, multimerization activity,
and/or viroporin activity.

10006} In other aspects, the present invention provides a method of identifying an agent
that inhibits HEV infectivity, wherein the method comprises: a} introducing into a cell culture
1} a nucleic acid that comprises an HEV open reading frame 2 (ORF2) nucleotide sequence,
2} a nucleic acid that comprises an HEV ORF3 nuclectide sequence, and 3} a nucleic acid
that 1} comprises a reporter gene and an HEY ORF1 nucleotide sequence and 11) lacks HEV
ORF2 and ORY¥3 nucleotide sequences. The method also comprises contacting the cell
culture in step a) with an agent to be tested for anti-HEY activity, and further, harvesting the
cell culture media from the cell culture that has been contacted with the agent. The harvest
media is combined with a naive cells in cell culture. The method further comprises
measuring a level of activity of the reporter gene in the naive cell culture; and comparing the
fevel of reporter activity in the naive cell culture measured in step e} to a reference activity
tevel, wherein a decrease in measured activity level as compared to the reference activity
fevel indicates that the agent inhibits HEV infectivity.

18007} The methods described herein facilitate the identification of new HEV
therapeutics and provide new therapeutic approaches to the treatruent of hepatitis E 1o HEV-

infected patients.

BRIEF DESCRIPTION OF THE DRAWINGS

8008] The patent or application file contains at least one drawing executed in color.
Copies of this patent ot patent application publication with color drawings will be provided

by the Office upon request and payment of the necessary fee.
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{6009] FIGS.1A-1D demonstrate that ORF3 is a predicted transmembrane protein that
associates with ER membranes and can form homo-oligomers. FIG. 1A is a schematic
representation of the predicted transmembrane topology (TMHMM Server v. 2.0} of HEV
ORF3 protein (Kemow C1/p6). FIG. IB shows HEV ORF3 protein associates with the ER
membrane. HepG2U3A cells lentivirally transduced with HEV ORF3-HA were stained with
anti-HA and anti-calnexin antthodies. Nuclei were stained with Hoechst dye. Shown are
representative images of at least triplicate experiments. FIG. 1C shows results of a co-
immunoprecipitation assay of FLAG-ORF3 and ORF3-HA in HepG2C3A cells. Cells were
transduced with FLAG-ORF3 and/or ORF3-HA lentivirus and lysed 72 hours post-
transduction. Cell lysates were subjected to immunoprecipitation with an anti-FLAG
antibody. FIG. 1D is a Western Blot of cell lysates from cells lentivirally transduced to
express ORF3-HA or mock transduced, analyzed by blotting with an anti-HA antibody. The
monomer and oligomers are indicated with arrowhead and arrows, respectively.

[0010] FIGS. 2A and 2B show that ORF2 and ORF3 are required for releasing viral
particles to infect naive HepG2ZC3 A cells. FIG. 2A shows infection kinetics of
transcomplemented HEV 1o HepG2C3 A cells. Cell culture supernatants from naive
HepG2C3 A, or HepG2C3A cells transduced with HEV ORF2 or/and ORF3 were collected &
days post-transfection with tHEVAORF2/3[Gluc] RNA . Naive HepG2C3 A cells were
incubated with these supernatants. After 12 hours, celis were washed and Gaussia luciferase
{Gluc) activity quantified o the cell culture supernatants at the indicated time points. In FIG.
2B, 5 days foliowing transfection of tHEVAORF2/3{Gluc] RNA into HepG2C3A, or
Hep(G2C3 A cells transduced with HEV ORF2 or/and ORF3, lysates were used to infect naive
HepG2C3 A cells. Gluc activity was measured 1n the supernatants 4 days post-infection.
Shown are averages and standard deviations of triplicate measurements of three independent
experiments.

{0011} FIGS. 3A and 3B indicate that the HEV ORF3 protetn has ion channel activity.
FIG 3 A shows that IAV M2 can substitute ORF3 function. Cell culture supernatants from
naive HepG2E3 A, or HepG2U3 A cells transduced with HEY ORFZ and ORF3, M2 or
M2({A30P), were collected S days post-transfection with tHEVAORF2/3{Gluc] RNA. Naive
HepG2C3A cells were incubated with these supernatants. After 12 hours, cells were washed
and Gaussia luciferase activity quantified in the cell culture supernatants 4 days later. Data

represent the mean £+ SD (o = 6-9). FIG. 3B shows current-voltage relationship of X laevis
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oocytes expressing HEY ORF3, IAY M2, AV M2(A30P) or control oocytes. During the
current recording, the oocytes were bathed in Ringer solution. The standard voltage-clamp
protocol consisted of rectangular voltage pulses from -90 to +00 mV in 10-mV increments
applied from a holding voltage of -60 mV. Each point represents the steady-state current
{average current between 4000-5000 ws) at the corresponding voltage step. Data represent
the mean = 8D (n = 5).

{6012} FIGS. 4A-4C demonstrate that HEV ORF3 1on channel activity is required for
release of infecticus HEV. FIG. 4A shows the identification via alanine scanning mutagenesis
of positions within HEV ORF3 involved in the release of infectious virions. HEV ORF3
mutants generated by changing triplets of amino acids 1o alanines across the entire ORF3
protein were lentivirally delivered to HepG2CU3 A cells expressing ORFZ. Dually transduced
cells were subsequently transfected with rtHEVAORFZ/3{Gluc} RNA. Five days post-
transfection supernatants were collected and used to infect naive HepGZC3A cells. Gaussia
huciferase activity was quantified in the producer cells (bottorn panel) and in the cell culture
supernatant 4 days post-infection (top panel}. The putative transmembrane regions (TM) are
underlined. The asterisk marks the serine residue of ORF3, which can be phosphorylated. The
two boxes mark the PXXP motifs within ORF3. In FIG. 4B, HepG2ZC3A cells lentivirally
transduced with HA-tagged wild-type or the indicated ORF3 mutant were stained with anti-
HA and anti-calnexin antibodies. Nuclei were stained with Hoechst dye. Shown are
representative images of triplicate experiments. FIG. 4C shows a current-voltage relationship
of X laevis oocytes expressing HEV wild-type or the indicated ORF3 mutants. Experiments
were conducted as detailed in FIGS. 3A and 3B. Data represent the mean + 8D (n =5},
[0013] FIGS. SA-SC relate to the transcomplementation system. FIG. SA is a schematic
representation of the wild-type HEV and rHEVAORF2/3{Gluc] genomes and the bicistronic
lentiviral constructs for expressing ORF2 and ORF3. FIG. 5B is a schematic representation
of the transcomplermentation sysier for packaging HEV virions, FIG. 5C 1s a representative
flowcytometry plot demonstrating efficient ORF2 and ORF3 expression. HepG2C3A cells
were transduced with LYX-ORF2-IRES-zsGreen and/or LEX-ORF3-IRES-mCherry or not
transduced. Flowcytometric analysis was performed 4 days following transduction to
quantify the frequencies of ORF2 and/or ORF3 expressing cells.

{001 4] FIGS. 6A-6D illustrate constructs used in ORF3 functional studies and their

expression. FIG. 6A is a schematic representation of the bicistronic lentiviral constructs for
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expressing HEV ORF2, ORF3, AV M2 and 1AV MZ{A30P)}. FIG. 0B shows representative
floweytometry plots demonstrating efficient ORF2 and ORF3, AV M2 or M2{A30P)
expression. HepG2C3 A cells were transduced with LVX-ORF2-IRES-z3Green and/or LEX-
[ORF3 or M2 or M2{A30P}]-IRES-mCherry or not transduced. Floweytometric analysis was
performed 4 days following transduction to quantify the frequencies of ORF2 and/or ORF3
and MZ expressing cells. FIG. 6C is a schematic representation of SPO driven constructs used
for in vitro transcription of HEV ORF3, IAV M2 and TAV M2(A30P) mRNAs. FIG. 6D
shows that HEV ORF3 expressed in X laevis oocytes localizes to the plasma membrane.
Water-injected and HEV ORF3 mRNA-injected oocytes were immunolabeled with
polyclonal (ORF3 antibody and analyzed by confocal microscopy.

{0015} FIGS. 7A and 7B show expression of ORF3 mutant constructs. In FIG. 7TA the
cell lysates from HepG2C3 A cells lentivirally transduced to express HA-tagged wild-type
ORF3, the indicated alanine mutants of ORF3, or mock transduced were analyzed by
Western blot with anti-HA or anti-actin antibodies. To FIG. 7B, HepG2C3A cells were
fentivirally transduced with HA-tagged wild-type or the indicated ORF3 mutants and stained
with anti-HA and anti-calnexin antibodies. Nucler were stained with Hoechst dye. Shown are
representative images of at least triplicate experiments.

10016} FIGS. 8A-8C illustrate 1on channel activity of ditferent ORF3 mutants. FIG. 8A
shows that wild-type or alanine mutants of HEV ORF3 expressed in X Jaevis cocytes
tocalize to the plasma membrane. Water-ingected and HEV ORF3 mRNA-injected cocytes
were immunolabeled with polyclonal ORF3 antibody and analyzed by confocal microscopy.
Fi(z. 8B shows current-voltage relationship of X faevis oocytes expressing HEV wild-type or
the indicated ORF3 wutants. Experiments were conducted as detaied in FIGS. 3A and 3B.
Dhata represent the mean + SD (n = 5). FIG. 8C summarizes the features of triple alanine
ORF3 mutanis that do not support HEV release.

{8017} FiG. 9 shows the genomic organization of hepatitis E virus.

10018} FIGS. 10A and 10B depict the development of a cell culture system for producing
infectious virions in trans. FIG. 10A s a schematic of transcomplementation platform. FIG.
10R indicates that transtection of THEVAORF2/3[Gluc] leads to equivalent HEV genome
replication in ORF2Z/3 and non- expressing cells. Supernatants from ORF2/3 and von-

expressing HepG2C3A cells that were transfected with rtHEVAORF2/3[Gluc] were used to
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infect najve HepG2CU3 AL Infecticus virtons were released only in the presence of ORF2/3 in
the producer cell.

{0019} FiG. 11 shows that GRF1 and ORF2 from an HEV g3 strain were
transcomplemented with ORF3 derived from HEV gts 1-4. Supernatant was collected and
used to infect naive HepG2C3 A cells, producing comparable levels of infection regardless of
the ORF3 variant used.

10028} FIGS. 12A-12C show an experimental overview of testing of known 1on channel
inhibitors for activity against HEV ORF3. FIG. 12A s a table indicating the seven ion
channel inhibitors tested. FIG. 12B shows that HepG2C3a cells transduced with HEV OR¥2
and HEV ORF3 were transfected with a recombinant HEV construct, tHEVAGRF2/3[{Gluc],
expressing HEV ORF1 and a secreted Gaussia luciferase (Gluc) reporter gene. It was
hypothesized that treatment with viroporin inhibitors would result in reduced release of
infectious virions into supernatant from these “producer” HepG2C3a celis. FIG 12C
describes an experimental design for testing 1ou channel inhibitors: A single clone-derived
cell fine highly expressing ORF2 and ORF3 (named HepG2{3a 1F4} was used as a producer
cell line to generate infectious virions. The 1F4 cells were pre-treated with each drug in three
dilutions for 4-6 hours, and then transfected with tHEVAQORF2/3{Gluc]. The medium from
these cells containing progeny virtons was collected after 5 days and used to infect naive
Hep(G2C3a cells. The cells were infected for 12 hours and subsequently washed three times
with PBS. On day 5 post-infection, Gluc levels were measured in the supernatant of these
cells as a proxy for infection level.

18021} FIGS. 13A-13C shows the results from viroporin inhibitor testing. Supernatant
was collected from producer 1F4 HepG2{3a cells treated with varying dilutions of ion
channel inhibitors, and used to infect naive HepG2{3a cells. The infected cells were washed
12h post infection, and Gluc levels were measured in the supermatants of these cells on day §
post-infection (shown above). Cells were infected in iriplicate in a 24w format. Noune of the
ion channel inhibitors significantly decreased release of infectious particles compared to the
positive control (producer cells transfected with p&/Ghuc in the absence of drug). Crystal

violet staining on drug-treated cells was performed as a rough measure of cytotoxicity.

DETAILED DESCRIPTION OF THE INVENTION

18022} A description of example embodiments of the invention tollows.
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[0023] HEV 1s a quasi-enveloped, positive{+)-sense, single-stranded RNA virus of the
Hepeviridae family with three open reading frames (ORFs). ORF1 encodes a non-structural
polyprotein comprised of a methyltransferase, papain-like cysteine protease, RNA helicase,
and RNA-dependent RNA polymerase (Cao and Meng, Lmerging microbes & infections 1,
el7, dot:10.1038/emi.2012.7 (2012)). ORF2 encodes the viral capsid protein and is involved
in virion assembly, interaction with the host cell, and immunogenicity. It contains three
glycosylation sites necessary for formation of infectious patticles (Ahmad, L ef o/, Virus
research 161, 47-58, (2011)). In contrast, ORF3 and its corresponding function{s) have been
largely elusive. The smallest ORF of the HEV genome, ORF3 is translated from a
subgenomic RNA into a protein of 113-115 amino acids.

16024} The present tnvention 1s based, in part, on the identification of & previously
unknown HEV ORF3 function. As described herein, ORF3 forms multimeric complexes
associated with intracelivlar endoplasmic reticulum (ER)-derived membranes via homophilic
interactions, which complexes possess 1ion channel and/or viroporin function. To date,
viroporins have been identified in nine different viruses, including six enveloped viruses
(HCV, HIV, 1AV, rotavirus, Alpha-/Sindbisviruses and Coronaviruses) but only in three non-
enveloped viruses {simian virus 40 (SV40), coxsackie B virus {CBV) and polio virus
(reviewed in Sze, C. W. & Tan, Y. J. Viruses 7, 32061-3284 (2015}). For both enveloped and
non-enveloped viruses, viroporin function is frequently linked to virus release, but the
underlying mechanism remains incompletely understood.

[0025] As demonstrated herein, the function of HEY ORF3 can be maintained by
expressing the well-characterized viroporin influenza A virus (IAV) M2 protein. Further
evidence of ORF37s ton channel function has been demonstrated by ifs ability to wncrease the
flux of cations when expressed in Xenopus laevis oocytes. Furthermore, using alanine
scanning mutagenesis, amino acid positions i ORF3 that are iroportant for its formation of
multimeric complexes, ion channel activity, and release of infectious particles have been

identified.

16026} Methods of Regulating ORF3 Activity
{06027} In one aspect, the present tovention provides a method of inhibiting HEV release
from a cell that is infected with an HEV, comprising contacting the cell with an agent that

inhibits oue or more activities of HEV ORF3 protein, wherein the one or more ORF3
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activities are selected from 1on channel activity, multimerization activity, or viroporin
activity, or a combination thereof

{0028} As used herein, the phrase “inhibiting HEV release” refers to inhibiting HEV
release completely or partially from an infected cell.

[6029] As used herein, the phrase “HEV ORF3 protein” refers to a protein encoded by
the third open reading frame of a HEV genome. As used herein, “HEV genome” refers to the
genorne of any ove of the various HEV genotypes or quasispecies. As those of skill in the art
would appreciate, the methods described herein can be used to inhibit an ORF3 protein of any
genotype or quasispecies of HEV. In some embodiments, an ORF3 protein possesses any
one or more of ton channel activity, multimerization activity, or viroporin activity. Examples
of HEV ORF3 proteins are shown in Table 1 below.

{0836} Table 1. Examples of ORF3 protein sequences

Genotype 3

GenBank: AFD33685.1

MGSPCALGLFCCCSSCFCLCCPRHRPASRLAVVVGGAAAVPA
VVSGVTGLILSPSPSPIFIQPTPSPPISFHNPGLELALGSRPAPLAP
LGVTSPSAPPLPPAVDLPGLGLRR (SEQ ID NO: 1)

Genotype 1 MGSRPCALGLFCCCSSCFCLCCPRHRPYVSRLAAVVGGAAAVP

ID: P69616 AVVSGVYTGLILSPSOSPIFIOQPTPSPPMSPLRPGEDLVFANPPDH
SAP LGVTRPSAPPLPHVYDLPOLGPRR (SEQ ID NG 2}

Genotype 2 MGSPPCALGLFCCCSSCFCLCCPRHRPVSRLAAVVGGAAAVP

ID: Q03499 AVVSGVTGLILSPSQSPIFIQPTPLPQTLPLRPGLDLAFANQPGH
LAPLGEIRPSAPPLPPVADLPQPGLRR (SEQ ID NO: 3)

Genotype 4 MEMPPCALGLFCFCSSCFCLCCPRHRPVSRLAVAAGGAAAVP

ID: BAG32135.1

AVVSGVTGLILSPSPSPIFIQPIPSHPTFQPQPGLELALGSQPVHS
APLGATNPSAPPLLPVADLPQLGLRR (SEQ ID NO: 4)

{6031} In some embodiment, the HEV ORF3 protein comprises the sequence set forth in

SEQ ID NG: 1. However, one of skill in the art would appreciate that the present method can
be used to nhibit the activity (e.g., ion chanuel activity, multiroerization activity, or vitoporin
activity, or a combination thereof) of an HEVY ORF3 protein. Thus, in certain embodiments,
the HEV ORF3 protein comprises a sequence that is at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or at least 99% identical to SEQ ID
NO: 1

{0032} In various emboduments, the HEV protein comprises the sequence set forth in any

one of SEQ ID NOs: 2-4. In certain embodiments, the HEV ORF3 protein comprises a



WO 2018/057773 PCT/US2017/052769
-9.

sequence that is at least 70%, at least 75%, at ieast 80%, at least 85%, at least 90%, or at least
95% 1dentical to any one or SEQ 1D NOs: 2-4.

{0033} Vartous suttable agents can be used 1n the present invention. In some
embodiments, the agent is a small molecule. Examples of small molecules include organic
compounds, organometallic compounds, inorganic compounds, and salts of organic,
organometallic and inorganic compounds. Atoms in a small molecule are typically linked
together via covalent and/or ionic bouds. The arrangement of atoms in a small organic
molecule may represent a chain {e.g. a carbon-carbon chain or a carbon-heteroatom chain}, or
may represent a ring containing carbon atoms, e.g. benzene or a polycyclic system, or a
combination of carbon and hetercatoms, 7.e., heterocycles such as a pyrimidine or
quinazoline. Small molecule inhubitors generally have a molecular weight that 1s less than
about 5,000 daltons. For example, such smali molecules can be less than about 1000 dalions,
fess than about 750 daltons or even less than about 500 daltons. Small molecules and other
nou-peptidic ORF3 inhibitors can be found n nature (e.g., identified, isolated, purified)
and/or produced synthetically {e.g., by traditional organic synthesis, bio-mediated synthesis,
or a combination thereof). See e.g. Ganesan, Drug Discov. Today 7(1): 47-55 (January 2002},
Lou, Drug Discov. Today, 0(24}: 1288-1294 (December 2001}, Examples of naturally
occurring small molecules include, but are not limited to, hormones, neurctransmitiers,
nucleotides, amine acids, sugars, lipids, and their derivatives,

{0034} In some embodiments, the agent can bind to one or more regions of the ORF3
protetn. For example, the agent can bind to {or make contact with) the ORF3 protein at any
one or more residues selected from the residues at positions 11-13, 29-40, 59-01, 71-73, 80-
85, 86-89, or 95-98 of SEQ ID NO: 1.

{6035) As those of skill in the art would appreciate, in certain embodiments, the agent can
bind to one or more regions of an ORF3 protein comprising any one of SEQ 1D NOs: 2-4,
wherein the one or more regions correspond to {e.g., possess equivalent functions to) any one
or more residues selected from the residues at positions 11-13, 29-40, §9-61, 71-73, 80-85,
&6-89, or 95-98 of SEG ID NO: 1.

16036} In certain embodiments, the agent binds to a channel-forming region of an ORF3
protein. In other embodiments, the agent inhibits ORF3 protein 1on channel activity, for
example, by binding to a region of ORF3 protein comprising, e.¢., amino acid positions 11-

13 or 59-61, or both, of SEQ ID NO: 1.
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{6037} In some embodiments, the agent is contacted with a cell that 1s infected with HEV
to inhibit HEV release from the cell. The present method 1s suitable for any cell that is
infected with an HEV. Exampies of such cells include hepatocytes and gastrointestinal cells,
as well as cells derived from hepatocytes or gastrointestinal cells.

[06038] o another aspect, the present invention also provides a method of treating a HEV
infection in a subject in need thereof. In some embodiments, the method comprises
administering to the subject an effective amount of an agent that inhibits ove or wore
activities of a HEY ORF3 protein, wherein the one or more activities are selected from ion
channel activity, multimerization activity, or viroporin activity, or a combination thereof.
{6039] Asused heretn, the terms “treat,” “treating,” or “treatment,” refer to counteracting
a medical condition {e.g., a condition related to HEV infection} to the extent that the medical
condition is improved according to a clinically-acceptable standard.

{0040} As used herein, “subject” refers to a mammal {e.g, human, non-human primate,
cow, sheep, goat, horse, swine, dog, cat, rabbit, guinea pig, rai, mouse). In a particular
embodiment, the subject is a human. A “subject in need thereof” refers to a subject (e.g.,
patient} who has, or i3 at risk for developing, a disease or condition that can be treated (e .g.,
improved, ameliorated, prevented) by an agent that inhibits one or more ORY3 protein
activities selected from ton channel activity, multimerization activity, or viroporin activity, or
a combination thereof. In certain embodiments, the subject is a pregnant female. In other
embodiments, the subject is immunocompromised. In some embodiments, the
immunocompromised subject is a subject who has undergong an organ transplant or a subject
infected with human immunodeficiency virus (HIV), or both. In certain embodiments, the
subject s an immunocompromised pregnant female,

{6041} An agent that inhibits one or more activities of HEV ORF3 protein {and thereby
treats a condition related to HEV wofection) can be adimirustered to a subject in need thereof
by a variety of routes of administration 1ncluding, for example, oral, dietary, topical,
transdermal, or parenteral {e.g , intra-arterial, intravenous, intramuscular, subcutaneous
injection, intradermal injection) routes of administration, depending on the agent.
Adnunistration can be local or systemic. The chosen mode of admirnistration can vary
depending on the particular agent selected. The actual dose of a therapeutic agent and
treatment regimen can be determined by a skilled physician, taking into account the nature of

the condition being treated, and patient characteristics.
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{6042] As defined herein, an “effective amount” refers to an amount of an agent that,
when administered to a subject, is sutficient to achieve a desired therapeutic effect (treats a
condition refated to HEY infection) in the subject under the conditions of administration,
such as an amount sufticient to inhibit one or more activities of HEV ORF3 protein {e.g., ton
channel activity, multimerization activity, or viroporin activity } in the subject. Various
methods of assessing the effectiveness of the agent for treating a condition related to HEVY
infection are known in the art. For example, the titer can be measured 1o the sera of a patient
according to methods known in the art. Measuring the titer can provide an indication of
infectivity. Other methods of assessing intectivity of HEV from patient sera are known in the
art.

[6043] An effective amount of the agent to be administered can be determined by a
clinician of ordinary skill using the guidance provided herein and other methods known in the
art, and is dependent on several factors including, for example, the particular agent chosen,
the subject’s age, sensitivity, tolerance to drugs and overall well-being. For example, suitable
dosages for a small molecule can be from about 0.001 mg/kg to about 100 mg/ke, from about
0.01 mg/kg to about 100 mg/kg, from about 0.01 mg/kg to about 10 mg/kg, from about 0.01
mg/kg to about 1 mg/kg body weight per treatment. Determining the dosage for a particular
agent, patient and stage of HEV infection is well within the abilities of one of skill in the art.
{6044} An agent that inhibifs one or more activities of HEV ORF3 protein {e.g., ion
channel activity, multimaerization activity, or viroporin activity} can be administered in a
single dose or as multiple doses, for example, in an order and on a schedule suitable to
achieve a desired therapeutic effect {e. g, treatment of a condition related to HEV infection}.
Suitable dosages and regimens of admunisiration can be determined by a clinician of ordinary
skill.

[0045] In some embodiments, the method comprises administering an effective amount
of an agent that inhibits one or more activities of a HEV ORF3 protein (e.g., ion channel
activity, multimerization activity, or viroporin activity ) in combination with one or more
additional therapeutic agents {e.g., additional agents that treat a condition related to HEV
infection}. Such agents are known in the art and include, for example, interferon {e.g.,
pegylated interferon) or ribavirin, Thus, in some embodiments, the wethod further comprises
administering an effective amount of interferon or ribavirin, or both, to the subject. As those

of skill in the art would appreciate, combination therapies that include agents known to have



WO 2018/057773 PCT/US2017/052769
-12 -

a negative stde effect to a subset of subjects would typically not be administered to that
subset of subjects. For example, a combination therapy that includes interferon or nibavirin,
or both, would typically not be adminstered to pregnant females and/or immunocomprised
subjects.

0046} When administered in a combination therapy, the agent can be administered
before, after or concurrently with the other therapy (e.g., administration of interferon or
ribavirin, or both), When co-administered stmultanecusly {e.g., concurrently), the agent and
other therapy can be in separate formulations or the same formulation. Alternatively, the
agent and other therapy can be adnuinistered sequentially, as separate compositions, within an
approptiate time frame as determined by a skilled clinictan {e.g., a time sufficient to allow an
overlap of the pharmaceutical effects of the therapies).

[0047] In some embodiments the agent can be administered to a subject in a composition
or formulation comprising the agent and one or more pharmaceutically acceptable carriers or
excipients. Suitable pharmaceutical carners typically will contan inert ingredients that do
not interact with the agent or nucleic acid. Suitable pharmaceutical carriers for parenteral
administration include, for example, sterile water, physiological saline, bacteriostatic saline
(saline containing about 0.9% mg/ml benzyl alcohol), phosphate-buffered saline, Hank’s
solution, Ringer’s lactate and the like. Formulations can also include small amounts of
substances that enhance the effectiveness of the active ingredient (e.g., emulsifying agents,
solubilizing agents, pH buffering agents, wetting agents). Methods of encapsulation
compositions (such as in a coating of hard gelatin or cyclodextran) are known in the art. For
inhalation, the agent can be solubilized and loaded into a suitable dispenser for administration
(e.g., an atomizer or nebulizer or pressurized aerosol dispenser).

[0048] The agent can be administered as a neutral compound or as a salt or ester.
Pharmaceutically acceptable salts include those formed with free amino groups such as those
derived from hydrochloric, phosphoric, acetic, oxalic or tartaric acids, and those formed with
free carboxyl groups such as those derived from sodium, potassium, ammonium, calcium,
ferric hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine,
etc. Salts of compounds containing an amine or other basic group can be obtained, for
example, by reacting with a suitable organic or inorganic acid, such as hydrogen chloride,
hydrogen bromide, acetic acid, perchloric acid and the like. Compounds with a quaternary

ammonium group also contain a counteranion such as chloride, bromide, iodide, acetate,
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perchlorate and the like. Salts of compounds containing a carboxylic acid or other acidic
functional group can be prepared by reacting with a suitable base, for example, a hydroxide
base. Salts of acidic functional groups contain a countercation such as sodium or potassium.
10049] In some embodiments, pharmaceutical compositions comprising an agent that
inhibits one or more activities of a HEV ORF3 protein {e.g., ion chanuel activity,
multimerization activity, or viroporin activity) can also include one or more other therapeutic
agents {e.g., interferon or tibavirin, or both} known to treat a condition related to HEV
infection.

10050] Standard pharmaceutical formulation techniques can be employed, such as those
described tn Remington’s Pharmaceutical Sciences, Mack Publishing Company, Easton, PA.
Suitable pharmaceutical carriers for parenteral administration include, tor example, sterile
water, physiclogical saline, bacteriostatic saline (saline containing about 0.9% mg/m! benzyl
alcohol), phosphate-butfered saline, Hank’s solution, Ringer’s lactate and the like.
Formulations can also include small amounts of substances that enhance the effectiveness of
the active ingredient (e.g., emulsifying, solubilizing, pH buffering, wetting agenis). Methods
of encapsulation compositions {(such as in a coating of hard gelatin or cyclodexiran) are
known in the art. For inhalation, the agent can be solubilized and loaded into a suitable

dispenser for admirstration {(e.g., an atomizer or nebulizer or pressurized aerosol dispenser).

{6051} Methods of Identifying Agents that Infubit HEV Infectivity

10052] As described herein, the present invention also relates to a system {e.g., a
transcomplementation system) that enables the identification of agents that inhibit various
aspects of the HEV hifecycle, and which can lead to the identification of ageunts that inhibit
HEV infectivity.

{8053} Thus, in other aspects, the present invention also provides a method of wdentifying
an agent that inhibits HEV infectivity, also referred to herein as a transcomplementation
method. In some embodiments, the method comprises introducing tuto a cell culture 1) a
nucleic acid that comprises an HEVY open reading frame 2 (ORF2) nucleotide sequence, 2) a
nucleic acid that comprises an HEYV ORF3 nucleotide sequence, and 3} a nucleic acid that 1)
comprises a reporter gene and an HEV ORF1 nucleotide sequence and 1) lacks HEYV ORF2
and ORF3 nucleotide sequences. The method further comprises, in a subsequent step,

contacting the cell culture with an agent to be tested for anti-HEV activity. In some
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embodiments, the method comprises harvesting the cell culture media from the cell culture
that has been contacted with the agent, combining the harvested media with a naive cell
culture, and measuring a level of activity of the reporter gene in the natve cell culture. In
various embodiments, the method also comprises comparing the level of reporter activity
measured o the naive cell culture to a reference activity level, wherein a decrease in the
measured activity level as compared to the reference activity level indicates that the agent
inhibits HEV infectivity.

18054} As used herein, an agent that “inhibits HEV infectivity” refers to an agent that
causes a reduction {completely or partially) in HEV function. A reduction in HEV function
can result from a variety of inhibitory effects of an agent in any one or more phases of the
HEYV lifecycle. Generally, the present invention 1s suitable for identifying an agent that
inhibits, e.g., HEV release from a cell, HEV replication, or HEV assembly, or a combination
thereof. In certain embodiments, the agent inhibits ORF1 protein activity, ORF2 protein
activity, or ORF3 protein activity, or a combination thereof, thereby inhibiting HEV
infectivity.

{0055] The term “nucleic acid” refers to a polymer having multiple nucleotide monomers,
A nucleic acid can be single- or double-stranded, and can be DNA {e.g., cDNA or genomic
DNA), RNA, or hybrid polymers {e.g., DNA/RNA). Nucleic acids can be chemically or
biochemically modified and/or can contain non-natural or derivatized nucleotide bases.
Nucleie acids can also include, for example, conformationally restricted nucleic acids {e.g.,
“locked nucleic acids” or “LNAS,” such as described in Nielsen et al, §. Biomol. Struct. Dyn.
17:175-91, 1999), morpholinos, glycol nucleic acids {GNA) and threose nucleic acids (TNA}.
[6056] Methods of miroducing nucleic acids into a cell are well known in the art, and
include, for example, transduction, transfection, transformation, and the like. Asthose of
skill in the art would appreciate, the method selected will depend on the particular context
{e.g., the nuclete acid to be introduced and/or the cells to be used for introducing the nuclete
acid) to achieve, e.g , high efficiency. In certain embodiments, the different nucleic acid
components {e.g., the nucleic acid that comprises an HEV ORF2 nucleotide sequence; the
nucleic acid that comprises an HEYV ORF3 nucleotide sequence; and the nucleic acid that 1)
comprises a reporter gene and an HEV ORF1 nucleotide sequence and 1) lacks HEYV ORF2
and ORF3 nucleotide sequences) to be introduced into a cell culture in the

transcomplementation systero can be introduced by different methods. For example, nucleic
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actd(s) encoding ORFZ and ORF3 can be transduced into the cell culture using a viral vector

{e.g., lentivirus), and the nucleic acid comprising the reporter gene and ORF1 can be

transfected {(e.g., by other non-viral means). As those of skill in the art would appreciate, a

variety of combinations {e.g., transduction, transfection, transformation} can be used to

introduce the nucleic acids into cells.

{6057} ORF1 and ORF2 nuclectide sequences within a HEV genome that are invelved in

ORF1 and ORF2 function are known and/or ascertainable in the art. See, e.g., Cao, D, and

Meng, X J. Fmerging microbes & infections 1, €17, doi:10.1038/emi 20127 (2012}; and

Ahmad, 1., et al | Viras research 161{1): 47-58 (2011}, Tables 2 and 3 below provide

examples of ORF1 and ORF2Z nucleotide sequences that can be used in the present invention.

{0058] Table 2. Examples of ORF1 Nucleotide Sequences

Genotype 1

ID: AF444002.1

ATGGAGGCCCATCAGTTTATCAAGGCTCCTGGCATCACTAC
TGCTATTGAGCAGGUTGCTCTAGCAGCGGUCAACTCTGUCO
TTGCGAATOCTGTGOTAGTTAGGCCTTTTCTCTCTCACCAG
CAGATTGAGATCCTTATTAACCTAATGCAACCTCGCCAGOT
TGTTTTCCGCCCCGAGGTTTITCTGGAACCATCCCATCCAGE
GTGTTATCCATAATGAGCTGGAGCTTTACTGTCGCGCCCGC
TCCGHCCOGCTGUCTTGAAATTGOTGUCCACCCCCOGCTCAAT
AAATGACAATCCTAATGTOGTCCACCOTTOCTTCCTCCGTC
CTGCCOOOGCGTGATGTTCAGCGTTIGGTATACTGCCCCTACC
COGCGHGLCGHCTGUTAATTGCCGHCGTTCCGUGCTGUGCGG
GCTCCCCOCTGCTGACCGUCACTTACTOGCTTCGACGOGTTTT
CTGOGCTGTAACTTTCCCGCCGAGACGGOCATCGCCUTCTAT
TCTCTCCATGATATOTCACCATCTGATGTCGCCGAGGUTAT
GTTCCGCCATGGTATGACGCGGCTTITACGCTGCCCTCCACC
TCCCGCCTCAGGTCCTOTTGCCCCCTGGULACATACCGUACC
GCOGTCOTACTTGCTGATCCATGACGGUAGGCGLOTTGTGOT
GACGTATGAGGGTGACACTAGTGCTGGTTATAACCACGAT
GTTTCCAACCTGCGUTCCTGGATTAGAACCACTAAGGTTALC
COGOAGACCACCCTCTCGTCATCGAGUGGOTTAGGGUCATTG
GCTGCCACTTTGTCCTTTTACTCACGGUTGCCCCGGAGUCA
TCACCTATGCCCTATOGTCCCTTACCCCCGGTCTACCGAGHT
CTATGTCCGATCGATCTTCGGCCCOGGTGGTACCCCCTCCC
TATTTCCAACCTCATGCTCCACCAAGTCGACCTTICCATGCT
GTCCCTOCCCATATCTGGGACCOGTCTCATGTTOTTCGGGGE
CACCCTAGATGACCAAGCCTTTTGCTGCTCCCGCCTAATGA
CTTACCTCCGUGGCATTAGCTACAAGOTTACTGTOGGOGCACC
CTTGTTGCCAATGAAGGUTGGAACGCCTCTGAGGACGCTCT
TACAGUTGTCATCACTGCCGCCTACCTTACCATCTGUCACC
AGCGOGTACCTCCGUCACTCAGGCTATATCTAAGGGGATGOGT
CGCCTOGGAGCGGGAGCATOGUCTCAGAAGTTTATAACACGCC
TCTACAGTTOGGUTCTTTGAGAAGTCCGGUCGTGATTATATC
CCCGGCCGTCAGTTGGAGTTICTACGUTCAGTGTAGGCGLTG
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GUICTCGGCCOGUCTTTCATCTTGACCCACGGOGTGTTGOTTTT
TGATGAGTCGGUCCCCTGCCACTGTAGGACTGCGATTCGTA
AGGCOGOTCTCAAAGTTTTGCTGUTTTATGAAGTGGCTGGGE
CAGGAGTGCACCTGTTTTICTACAACCTGCAGAAGGCGTCGT
TGGCGACCAGGGCCATGACAACGAGGUCTATGAGOGGOTCT
GATOGTTGACCCTGUTGAATCCGCTATTAGTGACATATCTGG
GTCCTACGTAGTCCCTGOGCACTGCCCTCCAACCGCTTTACC
AAGCCCTTGACCTCCCCGCTGAGATTGTOGUTCOGTGCAGHC
COGGCTGACCGCCACAGTAAAGGTCTCCCAGGTCGACGGGE
GOATCCATTGTOGAGACCCTTCTCGGTAATAAAACCTTCOGC
ACGTCGTTTGTTGACGOGGUGGTTTITAGAGACTAATGGCCC
AGAGCGCCACAATCTCTCTTTITGATGCCAGTCAGAGCACTA
TGGCCGCCGGUCCTTTCAGTCTCACCTATGCCOGCCTCTGOT
GCTGGOGUTGGAGOTGUGCTATGTCGCUCGCCGGOGCTTGACC
ACCGGGCOGGTTTITIGCCCCCGOCGTTTCACCCCOGGTCAGCC
CCTGOGCGAGGTCACCGUCTTCTOTTCTGCCCTATACAGHTT
TAATCGCGAGGCCCAGCGCCTTTCGCTCGACCGOGTAATTTTY
GGTTCCATCCTGAGOGGOGCTCCTTGOGCCCOTTTGCCCCGTTTT
CCCCCGOGCATOGTTTGOGGAGTCOGUTAATCCATTICTGTOGGO
GAGAGCACACTTTACACCCGCACTTGGTCGGAGGTTGATGC
TGTTCCTAGTCCAGCCCAGCCCGACTTAGGTTTITACATCTG
AGCCTTCTATACCTAGTAGGGUCCGUCACACCTACCCCGGOG
GCCCCTCTACCCCCCCCTGCACCGGATCCTICCCCTACTCOTC
TCTGCTCCGOGCGUGTGHGTGAGCCGOLTCCTGLCGCTACCGC
CGOOGGCCCCAGCCATAACCCACCAGACGGCCCGGCATCGC
CGCCTGCTCTTTACCTACCCGGATGOCTCTAAGOGTGTTCGC
COGOCTCGCTOTTTGAGTCGACATOTACCTGGUTCGTTAACG
COGTCTAATOGTTGACCACCGCCCTGOCGOTGGGCTCTGTCAT
GCATTTTACCAGAGGTACCCCGCCTCCTTTGATGCTGUCTC
TTTTGTGATGCGCGACGGUOGCGOUCGCCTACACATTAACCC
CCCOGUCAATAATTCATGCCGTCGUTCCTGATTATAGGTTG
GAACATAACCCAAAGAGOGUTTGAGGCTGUCTACCGGHAGA
CTITGCTCCCGCCTCGGTACCGUTGCATACCCACTCCTCGGG
ACCGGCATATACCAGGTGUCGATCGUTCCCAGTTITGACGO
CTGGGAGCGOGAATCACCGUCCCGOGGOACGAGTTGTACCTT
CCTGAGCTTGCTGCCAGATGGTTCGAGGCCAATAGGUCGA
CCTGUCCAACTCTCACTATAACTGAGOGATOTTGCGUGOACA
GUAAATCTGOGCTATCGAACTTGACTCAGCCACAGACGTCG
GCCGOGGECTGTGCCGOGCTGTCGAGTCACCCCCGGUGTTGTG
CAGTACCAGTTTACCGCAGGTOTGUCTGGATCCGGUAAGTC
CCGUTCTATTACCCAAGCCGACGTGGACGTTGTCGTGOTCC
CGACCCGGOAGTTGCOTAATGCOCTGGCGCCOGCCGEGGCTTC
GUTGCTTTCACCCCGUACACTGUCGGUTAGAGTCACCCAGGG
GCGCCGOOGTTGTCATTGATGAGGCCCCGTCCCTTICCCCCTC
ATTTGCTGCTGCTCCACATGCAGCGHGUCGUCACCGTCCAL
CTTCTTGOGCGACCCGAATCAGATCCCAGCCATCGATTTTGA
GCACGCCGGGCTCGTTCCCGCCATCAGGCCCGATTTOGGUCC
CCACCTCCTIGHTGOCATOGTTACCCATCGUTGCCOCTGCGHGAT
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GTATGTGAGCTAATCCGCGGCGCATACCCTATGATICAGAC
CACTAGTCGGGTCCTCCGGTCGTTGTTICTGGGGTGAGCCCG
CCGTTGGGCAGAAGCTAGTGTTCACCCAGGCGGCTAAGGC
CGCCAACCCCGGTTCAGTGACGGTCCATGAGGCACAGGGE
GOTACCTACACAGAGACTACCATCATTGCCACGGCAGATG
CTCGAGGCCTCATTCAGTCGTCCCGAGCTCATGCCATTGTT
GCCTTGACGCGCCACACTGAGAAGTGCGTCATCATTGACGC
ACCAGGCCTGOTTCGCGAGHTGGGCATCTCCGATGCAATCG
TTAATAACTTTTTCCTTGCTGGTGGCGAAATTGGCCACCAG
CGCCCATCTGTTATCCCTCGCGGCAATCCTGACGCCAATGT
TGACACCTTGGCTGCCTTCCCGCCGTCTTGOCAGATTAGCG
CCTTCCATCAGTTGGCTGAGGAGCTTGGCCACAGACCTGCC
COTGTCGCGGCTGTTCTACCGCCCTGOCCTGAGCTTGAACA
GGGOCTTCTCTACCTGCCCCAAGAACTCACCACCTIGTGATA
GTGTCGTAACATTTGAATTAACAGATATTIGTGCATIGTICGT
ATGGCCGCCCCBAGCCAGCGCAAGGCCGTGCTGTCCACGE
TCGTGGGCCGTTATGGCCGCCGCACAAAGCTCTACAATGCC
TCCCACTCTGATGTTCGCGACTCTCTCGCCCGTTTTATCCCG
GCCATTGGCCUCGTACAGGTTACAACCTGTGAATTGTACGA
GCTAGTGGAGGCCATGGTCGAGAAGGGCCAGGACGGCTCC
GOCGTCCTTGAGCTCGACCTTTGTAGCCGUGACGTGTCCAG
GATCACCTTCTTCCAGAAAGATTGTAATAAATTCACCACGS
GGGAGACCATCGCCCATGGTAAAGTGGGCCAGGGCATTTC
GGOCTGGAGTAAGACCTICTGTGCOCTTTTCGGCCCCTGGT
TCCGTGCTATTGAGAAGGCTATCCTGGCCCTGCTCCCTCAG
GGTGTGTTITATGGGGATGCCTTTGATGACACCGTCTTCTC
GGCGGCTGTGGCCGCAGCAAAGGCATCCATGGTGTTTGAG
AATGACTTTTCTGAGTTTGATTCCACCCAGAATAATTTTICC
TTGGGCCTAGAGTGTGUTATTATGGAGGAGTGTGGGATGCC
GCAGTGGCTCATCCGCTIGTACCACCTTATAAGGTCTGCGT
GGATTCTGCAGGCCCCGAAGGAGTCCCTGCGAGGGTTTTG
GAAGAAACACTCCGGTGAGCCCGGCACCOTICTGTGGAAT
ACTGTCTGGAACATGGCCGTTATCACCCACTGTTATGATTT
CCGCGATCTGCAGGTGGCTGCCTTTAAAGGTGATGATTCGA
TAGTGCTTIGCAGTGAGTACCGTCAGAGCCCAGGGGOTGOT
GTCCTGATTGCTGGCTGTGGCCTAAAGTTGAAGGTGGATTT
CCOTCCGATTGGTCTGTATGCAGGTGTTGTGGTGGCCCCCG
GCCTTGGCGCGCTTOCTGATGTCGTGCGCTTCGCCGGTCGG
CTTACTGAGAAGAATTGGGGCCCTGGCCCCGAGCGGGCGG
AGCAGCTCCGCCTCGOTGTGAGTGATTTTCTCCGCAAGCTC
ACGAATGTAGCTCAGATGTGTGTGGATGTTGTCTCTCGTGT
TTATGGGGTTTCCCCTGGGOTCGTTCATAACCTGATTGGCA
TGCTACAGGCTGTTGCTGATGGCAAGGCTCATTICACTGAG
TCAGTGAAGCCAGTGCTTGACCTGACAAATTCAATTICTGTG
TCGGGTGGAATGA (SEQ ID NO: 5)

Genotype 2

ATGGAGGCCCACCAGTTCATTAAGGCTCCTOGGUCATCACTAC
TGCTATTGAGCAAGCAGCTCTAGCAGCGGCCAACTCCGLCC
TTGCGAATGCTGTGLGTGOTCCGGCCTTTICCTITTCCCATCAG
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AAA45730.1

CAGGTTGAGATCCTTATAAATCTCATGCAACCTCGGCAGCT
GGTGTTTCGTCCTGAGGTTTTTTGGAATCACCCGATTCAALC
OTGTTATACATAATGAGCTTGAGCAGTATTGCCOTGCTCGE
TCGGGTCGCTGCCTTGAGATTGGAGCCCACCCACGUTICCAT
TAATGATAATCCTAATGTCCTCCATCGCTGUTTTCTCCACCO
CGTCOGGCCGOGOATOTTCAGCGLTGGTACACAGCCCCGALCT
AGGGGACCTGCGGUGAACTGTOGCCGC YI'(NGGCAC TTCGTG
GTCTGCCACCAGUCGACCGUACTTACTGTTTTGATGGOTTT
GCCGOUCTGCCGTTTTGCCGUCGAGACTGGTGTGGCTCTCTA
TITCTCTCCATGACTTIGCAGCCGGUTGATETTGCCGAGGCGA
TGGUTCGCCACGGCATGACCCGCCTTITATGCAGCTTITCCAC
TTGCCTCCAGAGGTGCICCTGCCTCCTGGCACCTACCGGAL
ATCATCUCTACTTGCTGATCCACGATGOTAAGCGLGLGETTG
TCACTTATGAGGGTGACACTAGCGLCCGOGTTACAATCATGAT
GTTGCCACCC TCCGC ACATGGATCAGGACAACTAAGGTTGT
GOGTGAACACCCTTTIGGTGATCGAGCGOOGTGCGHGOTATT
GGUTGTCACTTTIGTGTTGITGATCACTOUGGCCCCTGAGCC
CTOCCCGATGUCCTACGTTCCTTACCOGCOGTTCGACGGAGE
TCTATGTCCGOTCTATCTTTGOGUCCGOGCGOEGTCLCCCEGTCG
CTGTTCCCGACCGUTTGTGUTGTCAAGTCCACTTTTICACGCC
GICCCCACGCACATCTGGGACCGTICTCATGCTCTTTGGGGET
CACCCTCGACGACCAGGCCTTTITGCTGUTCCAGGUTTATGA
CGTACCTTOGTGGCATTAGCTATAAGGTAACTGTGGETGCC
CTOGTCGCTAATGAAGGUTGOGAATGUCACCGAGGATGLGO
TCACTGCAGTTATTACGGCGGUTTACCTCACAATATGTCAT
CAGCGTTATTTGCGGACCCAGGCGATTTCTAAGGGCATGCG
CCGOCTTGAGCTTGAACATOGCTCAGAAATTITATTTCALCGCC
TCTACAGCTGGCTATTTGAGAAGTCAGGTCGTGATTACATC
CCAGGCUGCCAGUTGCAGTTCTACGCTCAGTGUCGLCGOTG
OTTATCTGCCGGOTTCCATCTCGACCCCCGCACCTTAGTTTT
TGATGAGTCAGTGCCTTGTAGCT (ICC(J/X ACCACCATCCGGC
GOATCGCTGOGAAAATTTTGCTOTTTTATGAAGTGGCTCGHT
QAGGAGTGTTCTT(}TTTCLTLCAGCCCGQCGA(JG(JGCTGGC
GGGCGACCAAGGTCATGACAATGAGGCCTATGAAGGCTICT
GATGTTGATACTOCTGAGCCTGUCCACCCTAGACATTACAGG
CTCATACATCGTGGATGGTCGGTCTCTGCAAACTGTCTATC
AAGUTCTCGACCTGCCAGUTGACCTGGTAGCTCGLCGCAGCO
CGACTGTCTGLCTACAGTTACTOTTACTGAAACCTCTOGCCG
TCTGGATTGCCAAACAATGATCGGCAATAAGACTTTTCTCA
CTACCTTTGITGATGGGGLCACGCOTTGAGGTTAACGGGLCT
GAGCAGCTTAACCTCTCTITTGACAGCCAGCAGTGTAGTAT
GGCAGCCGGUCCETTTTGUCTCACCTATGCTIGCCGTAGATG
GUCOGGOCTGGAAGTTCATTTTTICCACCGUTGGUCTCGAGAGT
CGIGTTGTITITCCCCCCTGGTAATGCCCCGACTGCCCCGCC
GAGTGAGGTCACCGCCTTICTGCTCAGCTCTTTATAGGCACA
ACCGGCAGAGUCAGCGCLCAGTCGUGTTATTGGTAGTTTGTGG
CTGCACCCTGAAGGTTTIGCTCGGLCTGTTCCCGCCCITITCA
CCCGGGCATGAGTGGUGOTCTGUTAACCCATITTIGCGGUGA
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GAGCACGCTCTACACCCGCACTTGOTCCACAATTACAGACA
CACCCTTAACTGTCGGGCTAATTTCCGOGTCATTTGGATGET
GCTCCCCACTCGGOGGGOGLCCACCTGUTACTGCCACAGGCCC
TGCTGTAGGCTCGTCTGACTCTCCAGACCCTGACCCGLTAL
CTGATGTTACAGATGGCTCACGCCCCTCTGHGGCCOCGTOCG
GUTGGUCCCAACCUGAATGOGCGTTCCGCAGCGCCGUTTACT
ACACACCTACCCTGACGGUGCTAAGATCTATOTCGGCTCCA
TTTTCGAGTCTGAGTOGCACCTGGCTTOGTCAACGCATCTAAC
GCCGGCCACCGLCCTGOTGGCGOGGCTTTGTCATGCTTTITIT
TCAGCGTTACCCTGATTCGTTTGACGUCACCAAGTTTGTGA
TGCGTGATGOGTCTTGCCGUGTATACCCTTACACCCCGGLCG
ATCATTCATGCGGTGGCCCCGOACTATCGATTOGGAACATAA
CCCCAAGAGOGCTCGAGGUTGCCTACCGCGAGACTTGCGLC
COGCCGAGGCACTGUTOGCCTATCCACTCOTTAGGCGUTGGUAT
TTACCAGOTGCCTOTTAGTTTGAGTTTTGATGCCTGGGAGC
GOAACCACCGCCCGTTTGACGAGCTTTACCTAACAGAGUTG
GCGGCTCOUGTGOTTTGAATCCAACCGCCCCGOTCAGCCCAL
GTTGAACATAACTGAGGATACCGCCCGTGUGGCCAACCTG
GCCCTGOAGCTTCGACTCCGGGAGTGAAGTAGGCCGCGLAT
GTGCCGGOGTOTAAAGTCGAGCCTGGUGTTGTGUGGTATCA
GTTTACAGCCGOTGTCCCCGGCTCTGGLCAAGTCAAAGTCCG
TGCAACAGGCGOATOTGGATGTTOTTOTTGTGCCCACTCGO
GAGCTTCGGAACGUTTOGUGGUGCCOGHGUTTTGCGGCATT
CACTCCGCACACTGCGOCCCOTGTCACTAGCGGCCGTAGG
GTTGTCATTGATGAGGCCCCTTCGCTCCCCCCACACTTOOT
GUTTTTACATATGCAGCGTGCTGCATCTGTGCACCTCCTTG
GOGOGACCCGAATCAGATCCCCGUCATAGATTTTGAGCACALC
COGOTCTGATTCCAGCAATACGGCCOGGAGTTGGTCCCCGACTT
CATGGTGGCATGTCACCCACCGTTGCCOTGCAGATOTCTGT
GAGTTAGTCCGTOGOTGUTTACCCTAAAATCCAGACTACAAG
TAAGGTGCTCCOTTCCCTTITCTGGOGGAGAGCCAGCTGTCG
GUCAGAAGUTAGTGTTCACACAGGUTGCTAAGGCCGLGCA
CCCCGLGATCTATAACGGTCCATGAGGCCCAGGOTGCCACTT
TTACCACTACAACTATAATTGUCAACTGCAGATGCCOGTGEC
CTCATACAGTCCTCCCGOGUTCACGCTATAGTTGUTCTCAC
TAGGCATACTGAAAAATGTOTTATACTTGACTCTCCCGGCC
TOCTTGCOTGAGGTGGGTATCTCAGATGCCATTGTTAATAAT
TTCTTCCTTITCGGGTGGCOAGGTTOGGTCACCAGAGACCATC
GGTCATTCCGUGAGGUAACCCTGACCGCAATGTTGACGTGC
TTGCGGUGTTTCCACCTTCATGUCCAAATAAGCGUCTTCCAT
CAGCTTGCTGAGGAGCTGGOCCACCOGLCGGCGCCGETOE
CGOCTGTGCTACCTCCCTGUCCTGAGUTTGAGCAGGGCCTT
CTCTATCTGCCACAGGAGUTAGCCTCOCTGTGACAGTGTTGT
GACATTTGAGCTAACTGACATTOTGCACTGCCGCATGGCGE
CCCCTAGCCAAAGGAAAGCTGTTTITGTCCACGUTOGGTAGHT
COGTATOGGCAGACGCACAAGGCTTITATGATGUGGOTCACA
CCGATGTCCGCOCCTCCCTTGUGCGCTTITATTICCCACTCTCG
GOCGOGTTACTGUCACCACCTGTGAACTCTTTGAGCTTGTA
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GAGGCGATGGTGGAGAAGGGUCCAAGACGGTTCAGCCGICC
TCGAGTTGGATTTGTGCAGCCGAGATGTICTCCCGCATAACC
TTTTTCCAGAAGGATTGTAACAAGTTCACGACCGOCGAGAC
AATTGCGCATGGCAAAGTCGUTCAGGGTATCTTCCGCTGGA
GTAAGACGTTTTGTGCCCTOTTTGGUCCOTGGTTCCETGLG
ATTGAGAAGGCTATTCTATC C(,,TTTT ACCACAAGCTGTGTT
CTACGGGGATGCTTATGACGACTCAGTATTCTCTGCTIGCCG
TGGCTGOCGUCAGCCATGUCATGOTOGTTTGAAAATGATTTT
TCTGAGTTTGACTCGACTCAGAATAACTTTTCCCTAGGTCTT
GAGTGUGUCATTATGGAAGAGTGTGGTATGCCCCAGTGGC
TTGTCAGGTTGTACCATGCCGTCCGGTCGGCGTGGATCCTG
CAGGCCCCAAAAGAGTCTTTGAGAGGGTTICTGGAAGAAGC
ATTCTOGTGAGCCOGOGGCAGCTTGCTOTGOAATACGOTOTGE
AACATGOCAATCATTIGCCCATTGCTATGAGTTCCGGGACCT
CCAGGTTGCCGUCTTCAAGGGUGACGACTCGGTICET C( TCT
GTAGTGAATACCGUCAGAGCCCAGGCGLCGHTTCGUTTAT
AGCAGGCTGTGGTTTGAAGTTGAAGGCTGACTICCGGCCG
ATTGGGCTGTATGCCGGGGTTGTCGTCGUCCCGGGGUTOGG
GGCCCTACCCGATOTCOGTTCGATTICGUCGHACGGLTTTICGE
AGAAGAACTGGGGGCCTGATCCGG!: AGCGGGC AGAGCAGCT

CCGLCTCGUCGTGCAGGATTTCCTCCGTAGGTTAACGAATG
TGGUCCCAGATTTGTOGTTGAGGTOGTOTCTAGAGTTTACGOG
GTTTCCCCGOGETCTGETTCATAACCTGATAGGCATGC 'I'@C A
GACTATTOGGTGATGOTAAGOGCGCATTTTACAGAGTOTGTTA
AGCCTATACTTGACCTTACACACTCAATTATGCACCGETICT
GAATGA (SEGQ 1D NO: 63

Genotype 3

JQ679013.1

ATGGAGGCCCACCAGTTCATTAAGGCTCCTGGCATTACTAC
TGCCATTGAGCAGGUTGCTCTGGCTGCOGGUCAATTCCGCCT
TGGUCGAATGUTGTGGTGOGTTCGGCCGTITITTATCCCGICTA
CAAACTGAGATTCTTATCAATTTGATGCAACCCCGGCAGTT
GOTTTTCCGCCCTGAAGTGUTTTGGAATCATCCTATCCAGT
GGGTCATACACAATGAACTAGAACAGTACTGCCGGGCCCG
TGCTGGCCGEUTETTTGGAGGTCGGAGCCCATCCGAGATCTA
TTAATGATAACCCCAACGTCTTGCACCGOGTGUTTICCTTAGA
CCGGTTGGCAGGGATGTTCAGCGUTGGTACTCTGCCCCCALC
CCOGTGGUCCTGUGGUCAATTGCCGLCCGUTCCGLGUTGLGTG
GCCTICCCCCCGTTGACCGCACCTACTGTTTTGATGGATICT
CCCGUTGTGCTTITGCTGCAGAGACCGOGTGTGGCCCTTTAL
TCTTTGCATCGACCTTIGGCCAGCTGATGTTGCAGAGGCGAT
GGUCCGTCATGGOATGACACGOGTTGTATGUCCGCACTACATC
TTCCTCCTGAGGTGUTGUTACCACCOGGUACCTATCACACA
ACTTCGTATCTCCTGATTCACGACGGCGATCGCGCCOTTIOT
AACCTATGAGGGCGATACCAGTGUGGGCTATAACCATGAT
OTTTCCATACTTCOTGCGTGOGATCOGTACTACTAAAATAGT
TGGTGACCACCCGTTGGTTATAGAGCGTGTGC GGGCCATTG
GITGTCATTTCGTGUTGTTGCTCACCGCGGUCCOTGAGCCG
TCACCTATGCCTTATGTCCCCTACCOTCOTTICAALCGGAGOT
GTATGTTCGGTCTATATTTGGUCCCTGGCGGCTCTCCATCTTT
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GTTTCCGTCAGCCTOUTICTACTAAATCTACCTTCCACGCTGT
CCCGUTCCATATCTGGGATCGOGCTCATGCTCTTITGGTGCCA
CCCTOGOGATGATCAGGEGTTCTGTTGTTCACGACTCATGACT
TACCTCCGTGGTATTAGCTACAAGGTCACTGTTGGTGCGOT
TGTTGCTAATGAGGGGTGOAACGUCTCTGAAGATGCTCTTA
CTGCAGTGATCACTGUGGCTTATCTGACTATCTGUCATCAG
CGCTACCTCCGTACCCAGGCGATATCCAAGGGCATGCGCC
GGTTGOGAGGTTGAGCATGCCCAGAAATTITATCACAAGALCT
CTACAGTTGGCTATTTGAGAAGTCTGGCCGTGATTACATCC
CCGGUCCGCCAGUTCCAGTTTTATGCACAGTGCCGACGGTGG
CTATCTGCAGGATTCCATCTGOACCCCAGGGTGCTTOTTTT
TGATGAATCAGTGCCATGTICGTTGTAGGACGTTICCTGAAGA
AAGTCGCOGGOTAAATTCTGCTOTTTTATGUGGTGGTTAGGE
CAGGAGTGCACCTGCTTCCTGGAGUCCAGCCGAGGOTTTAGT
TGGUGACCATGGUCATGACAATGAGGCTTATGAAGOTTCT
GAGOTCGACCAGGCTGAACCTGCCCATCTTGATOTTTCGGE
GACTTATGCCOTCCACGOGCACCAGCTTGTAGCCCTCTATA
GGOGCACTTAATGTCCCACATGATATTGUCCGUTCGAGCTTCC
COATTAACGGCTACTOTTGAGCTTGTTGCAGGTCCAGACCG
CITGGAGTGCCOCACTGTIGCTCGGTAATAAGACCTTCCGGA
CGACGOGTGOTTGATGGUGUCCCATCTTGAAGCGAATGGUCC
AGAGCAGTATGTCCTOTCATTTGACGCCTCCTGTCAGTCTA
TGGGGGCCGHGTCGCACAACCTCACTTATGAGCTCACCCCT
GCCGOUTTTGCAGOTTAGOGATCTCATCTAACGGTCTGGATTG
CACTGCTACATTICCCCCCCGGCOUGTGCCCCTAGCGCCGCGE
CAGGGGAGOTGOGCAGCCTTCTGTGCTGUCCTTTACAGATAT
AACAGGTTCACCCAGUGGCACTCGCTGACCGUGTGGACTAT
GOTTACACCCTGAGGGATTGCTGGGTATCTTCCCTCCATTC
TCCCCTGGGCATATCTGGGAGTCTGCTAACCCOTTTTGCGG
GOGAGGGGACTTTGTATACCCGGACUTGGTCAACATCTGOOT
TTTCTAGTGATTTCTCTCCCCCTGAGGUOGGUCGUCCCTGUTT
CGHCTGCTGCCCCGGHGCTGUCCCACCCTACCCCGUCTGOT
AGTGATATTTGGGCGTTACCACCGCCCTCCGAGGAGTGCTA
CACGCGCCTGGOCAACGACTTCCACACGAACAAGCGCGTE
TGCOAGGAGATCGCCATTATCCCTAGCAAAAAGCCCCGLA
ACAAGATGGCAGGTTATGTCACGCATCTGATGAAGCGAAT
TCAGAGAGGUCCAGTAAGAGGTATCTCCATCAAGUTGCAG
GAGGAGGUTCAGOTCGATGCAGCATCTGTGCCCCTTACCCT
COTGCCTGCTGOGTCGCCCAGUCCTGTTGTOTCACCTTCCC
CACCACCACCTCCACCCGTOGCGTAAGCCATCAACACCCCOG
CCTTCTCGTACCCOTCGUCTCCTCTACACCTACCCCGACGE
CGCTAAGGTOTATGCAGGOTCATTGTTTGAATCAGACTGTG
ATTGGCTGOTTAACGUCTCAAACCOCGOGGUCATCGUCCTGOA
GOTOGCCTCTOTCACGCCTTITCATCAACGTTITTCCGGAGGC
OCTTTTATCCGACTGAATTCATTATGCOTGAGGGCCTAGCGG
CATACACCCTGACCCCOGUGUCCTATCATCCACGCAGTGGOG
CCCGACTACAGGUGTTGAGCAGAACCCGAAGAGGCTCGAGE
CAGCGTACCOGHAAACTTGCTCCCGTOGTGGCACCGUTGCT
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TACCCGCTTTTAGGUTCGGGCATATACCAGGTCCCTGICAG
CCTCAGTTTTGATGCCTGGGAACGCAATCATCGCCCOGGCG
ATGAGCTTTACTTGACTGAGLCCCGUTGCGGCTTGOTTITGAG
GCTAATAAGUCCGGUCGCAGCCGGCGUTTACCATAACTGAGG
ATACGGCTCGTACGGCCAGUUTGGUATTAGAGATCGALCGC
CGCTACAGAGGTTGGCCOTGUTTGCTGCCOGGCTOGCACTATCA
GTCCTGGGATTGTGCACTATCAGTTTACCGOCTGGGGETCCCG
GGUTCGGGCAAGTCAAGOGTCCATACAACAGGGAGATHTTG
ATGTGGTGOGTTGTGUCCACCCGGGAGUTCCGTAACAGTTGG
CGCCGUCGGEHETITCGCGGUTTTCACACCTCACACAGCGEC
CCGTOTTACTAACGGLCCGCCGUCOGTTOTGATTGATGAGGCCC
CATCTICTCCCGCCACACCTGTTGCTGUCTACATATGCAGCGG
GCCTCCTCGGTTICACCTACTCGGTGACCCAAATCAGATCCC
TGCTATCGATTITTGAACACGCCGGUCTGOTCCCCGLCGATCC
GUCCCGAGCTTGCACCAACGAGUTGGTGGCACGTCACACA
CCGTTGCCCGGUCCOATOTGTGLGAACTCATACGCGEGGOCT
ACCCCAAAATCCAGACCACGAGCCOGTGTGCTACGGTCCCT
GTTTTGGAATGAACCGOGCTATCOGGCCAGAAGTTGGTTTTTA
CGCAGGUCTGCCAAGGULCGUTAACCCTGOTGUCGATTACGETT
CACGAAGUTCAGGGTGCCACCTTCACTGAGACCACAGTTAT
AGCCACGGCCGACGCCAGGGGUCTCATTICAGTCATCCCGG
GUCCCATGCTATAGTTGCACTTACCCGCCACACCGAGAAGTG
CGTCATTTTIGGATGCTCCCGGCO TGC TGCGTGAAGICGGTA
TCTCGOGATETGATTGTCAATAATTTITTTCCTTGCAGGCGGA
GAGGTC GGCCATCACQGCCQTTCTGTGATALCCCGCG(}TAA
CCCCGATCAGAACCTCGGGACTITACAAGCCTTCCCGLCGT
CCTGUCCAGATTAGTGCTTACCACCAGCTGOGCTGAGGAATTA
GGQCATCGCCCTGCCCCTGTTGCCGCCGTCTTGQCCCCTTG
CCCCGAGUTTGAGCAGGGCUTGLTTTACATGCCACAAGAG
CTTACCGTGTCTGATAGTGTGCT{:(}TTTTTGAGQTQAC(}{:A
CAT AGTCCA@ TGCCGCATGGCCGCTCCAAGUCCAGCGAAAG
GUTGTTCTTTCAACACTTIGTGGGGUGETATGGUCETAGGALC
GAAGTTATATGAGGC AGCACATTCAGATGTCCGTGAGTCCC
TAGCCAGGTTCATCCCCACTATCGGGUCCGTITCAGGCCALCC
ACATOTGAGTTGTATCGAGTTGGTTGAGGCCATGOTGGAGA
AGGOTCAGGACGGGTCAGCCGTCTTAGAGCTAGATCTCTG
CAATCGTGATGTCTCGCGCATCACATTTTITCCAAAAGGATT
GCAACAAGTTITACAACTOGTGAGACTATTGCCCATGGCAA
G(}"'ITGGTC AGGGTATATCGGCCTGGAGCAAGACATTICTGC
GCTTTOGTTTOGUCCCOGTGOGTTICCOTGCCATTGAGAAAGAAAT
ACTG(}CCCTGCTCCCGCCTAATGTCTTTTATGGCGATGCTT
ATGAGGAGTICAGTGCTTGCTGCCGC 'I'GT GTCAGGGGCGEGE
GTCATGCATGGTATTTGAAAATGACTTTTICGGAGTTTGATA
GLACCCAGAACAACTTCTCTCTCGG‘CCTTGAGTGTGTGGTT
ATGGAGGAGTGUGGCATGCCTCAATGGTTAATTAGGTTGTA
TCACCTGGTACGGTCAGCCTGGATTICTGCAGGCGUCAAAG
GAGTCTCTTAAGGGTTTCTGGAAGAAGCATTCTGGTGAGCC
CGOUTACCCTTUTTTGGAACACCGTTTGGAACATGGCAATCA
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TAGCACATTGCTACGAGTTCCGTGACTTTICGTOTTGCTGCC
TTTAAGOGGTGATGATTCGOTGGTCCTCTGTAGCGACTACCG
GCAGAGCCGCAATGUCGGCAGCTTTGATTGCTGGUTGTGOG
CTTAAATTGAAGGTTGACTATCGCCCCATTGGGUTOTATGC
TGGHOTOGTOOTGHUCCCTGOGCTTOGGHGACACTGUCTGATG
TGOETGCOGTTTTGCTGGTCGGCTOTCCGAAAAGAATTGOGOL
CCCGLCCCOGGAACGTGUTGAGCAGCTACGTCTTIGUTOTTTG
TGATTTCCTTCGAGGGTTGACGAACGTTGUGCAGOGTCTGTG
TTCGATGTTOGTGTCCCGTGTCTATGGAGTTAGCCCCGGGLTG
GTACATAACCTTATTGGUCATGTTGCAGACCATTGCCGATOG
CAAGGCCCACTTTACAGAGACTATTAAACCTGTTCTTGATC
TTACAAATTCCATCATACAGCGGGTAGAATGA (SEQ D NO:
7}

Genotype 4

BAG32133.1

ATGGAGGCCCATCAGTTCATAAAGGUTCCTGGUGTCACTAL
TGCTATCGAGCAGGCAGCTCTAGCAGCGGUCAACTCCGLC
CTGGCGAATGCTOTGOTGGTTCGGCCTTTCCTTTICCCGGOT
ACAGACAGAGATTTTOGATAAACCTGATGCAGCCCCGGLAG
CTTOGTCTTCCGACCTOAGOGTTUTOGTGGAATCACCCAATCCA
GCGCGTAATCCACAACGAGCTTGAGUCAGTACTGTCGAGCC
CGTGCCGHTCGCTGCCTTGAGGTGOGGAGCCCATCCGLGCTC
CATTAATGATAACCCCAATGTTTTGCACCGTTGCTTITTITGA
AACCCCGTOGTCOCGACGTTCAGUGOGTGGTACACCGLCCCO
ACCCGCOGOCCCTOGCAGCGAATTOGCCGLCGTTCOGUTOTTCG
TGGACTTCCACCTOGTTGACCGGACATACTGTTTTGATGGTT
TTTCTGGATGTACGTTTGCTGCTGAGACTGGGGTTGCCCTTT
ATTCACTGCACGATCTOGTGGCCTGCTGACGTCGCAGAGGCA
ATGGUCCGUCACGGTATGACTCGGCTGTATGCAGUCCTTCA
TCTCCCCCCGOAGGTGTTACTTCCTCUTGGUACCTATCATA
CCACATCATACCTTTTAATTCATGACGGCGATCGTGCTGTG
ATTACATATGAGGOTGACTCGAGUGCAGGGTACAATCATG
ATGTOGTCTATTCTGUGCGCCTGOATCCOGCACCACTAAAGTT
ACCGGCGACCACCCGTTGUTCATTGAGCGAGTCCGGGLGE
TAGGOGTGTCACTTTGTGUTTTTGUTCACAGUCGCGCCTGAA
CCATCGUCCGATGUCTTATGTCCCATACCCTCGUTCCACTGA
GOTCTATGTCCGGTCCATTTTTOGHGCCAGGCGHGCTCGLCCT
CTCTCTTCCCATCTGCCTGUTCGACTAAGTCTACATTTCATG
CCGTTCCTGTOGCATATCTGGGACAGGUCTCATGCTTTTITGOT
GCGACCCTTGATGACCAGGCTTTTITGCTGUCTCGAGGUTTAT
GACGTACCTTCOTGOTATTAGTTATAAGOGTTACAGTCGOTG
CTICTTGTITGCTAACGAAGGUTGGAACGCCTCCGAGGATGCA
CTGACTGUTGTAATTACTGCAGUCATATCTCACCATTTGTCA
TCAGAGGTACCTCCGCACGCAGGCCATTTCGAAAGGAATG
AAGAGGTTGOAGCTTGAACATGUGCAGAAATTTATAACGC
GCCTTTATAGTTGGCTOTTCGAGAAGTCCGGCCOGTGATTAC
ATCCCCGGCCOTCAGTTGCAGTTTTATGCCCAGTGCCGCCG
GTGGTTATCTGCAGGUTTTCATCTTGACCCACGTGTACTTOT
TTTTGATGAGOGCAGCCCCCTGUCOTTOTCGTAATTITCCTTCG
GAAAGCCGCCCACAAGTTITGTITGCTTCATGCGGTGGTTAG
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GTCAGGATTGCACCTGTTTCCTCCAACCTATCGAGGGACGG
OTTGGUCGAGCAGOGGTTATOATAATGAAGCATTTGAAGOGGT
COGGACGTCOACCCTGUTOAGGAGGCAACTGTGAGTATCOTCT
GOOGTCATATATTGTAACTGGTAGCCAGCTACAGCCTCTATA
TCAGGUGCTTGGTATCCCCTCTGATCTTGCTGCCCGTGECG
GUCGGUTCACTOGCCACTOTTGAAGTTTUTGATGCAAATGGC
COCCTTACCTGCAAAACCATCATGGGCAATAAAACTTTCTC
AACAGTCTTCACTGATGGUGUUCAGCTGOAGGCCAACGHG
CCGGAGCAGTATGTGCTOTCATTCGACCCGATTAAACAAAC
TATGGCCOGCCOGGCCCGLATAATCTTAGTTATACCTTGACAT
CTGCAGGCCTTGAAATACATGTCOGTCTCCGUCGGGUTTGAT
TGTAAGGCCGTCTTTCCGTCCGOGOTTGCGACCCCGTCTOL
CCCCGHGGAGGTOTCTGCCTTCTGTTCAGUATTGTACAGAT
TTAACCGCTOTGTCCAGUCGOCACTCCCTCATTGGOGGTOTG
TGGTACCACCCTGAGGGGCTAGTCGGCCTOTTCCCGUCGTT
TTCCCCCGGUCATAGCTGHGAGTUTOGCTAACCCCTTTTGCG
GGGAGAGTACCCTTTATACCCGTACCTGGTCGGTATCGGGA
TTTTCCAGCTGTTTTTCCCCACTTGAACCGGOGOGCCCCGGA
CCCGUCCCCTCTTOTTGAGACTGACACGUCTACAGTTICTTG
ATACTCTGCCTCCAGTTOTTTCAGTACCCCTTGAGCAAATA
GTACTTCCACCAGACTCTGTAGATAAGOGCAGCCGGUCCGA
CCGCATCTAGCGCCCUTOTTOTACCGCCAGCACCAGTOGCAG
TCTGTAGTTCAACCATCTGOGLCTCGCCGGLGGCTGUTICA
TACTTATCCTGATGGCTCGAAGGTGTATGUTGGUTCCCTTTT
TGAGTCCOGACTGTACTTGGCTGOGTTAACGCATCTAACCCTG
GCCACCGCCCTOGTOGUGGUCTCTGCCATGUGTTITACCAA
CGOTTCCCAGAGTCATTTGATCCCOCTGAGTTTGTITATGTC
AGATGOGGTTTGCAGCCTACACCCTGTCTCCCCGGUCCATTA
TTCATGCTGTTGCTCCTGACTATCGGOTTGAACATAACCCT
AAGAGGCTTGAGGCUCOGCCTATCOGGGAGACGTGUTCTCOTCT
CGOGACTGCAGCTTACCCTTTACTTOGUGCCOGGTATATATA
AGGTGCCTGTTGOGUTGAGCTTCGATGUCTGGHGAACGTAAL
CACCGGCCCOGOGLGATOAGUTGTATCTGACTGAGCCAGCCG
TAGCTTGOGTTTGAGGCAAACCGGUCTACTCTCCCAGCTCTT
ACCATCACTGAGGATACCGCGUOGTACGGCGAACCTGGLAT
TGGAGCTAGACTCCGCCACTGAAGTCGGCCOGOUGTETGC
TGGUTGCCOGTGTAGAGCCCGGTOTCGTCCATTATCAGTTTA
CAGCAGGTOTCCCCGGATCAGGTAAATCCCGOGTCAGTCCA
GCAGGGGOAGGTGGATGTGGTAGTGOGTACCAACTCGTGAG
CTGCGUAATTCOGTGOCGHCGLCGUGGGTTCGUCAGCTTATAL
ACCCCACACCGCAGCTCOTGTCACCCOTGOGTCGTAGGOTTG
TTATTGATOGAGGUCCCCGTCGCTCCCTCCACACTTGUTTTTGO
TGCATATGUCAGCGOGGUCTCCTCAGTCCATCTCTTAGGTOGAT
CCTAATCAAATCCCTGCCATTGACTTTGAGCACGCCGGCCT
TGTTCCAGCTATTCGACCOGGAGTTGOGTCCCGACAAAATOGT
GGCACGTTACTCATAGATGCCCAGUCCGATGTCTGTGAGTTA
ATTCGTGGTGCGTACCCAAAGATCCAGACTGTGAGCCGLGT
ACTCCGCTCTCTGTTCTGGOGOGGAGLCCCCCCOGTGOGHTCAGA
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AGCTGOGTOTTCACCCAGGCGGCGAAGGCCGCCAACCCTGG
TGCGATTACAGTCCACGAGGCCCAGGGTGCCACATTCALCTG
AGACTACAATTATCGUCCACGGCGGACGUCCGTOGGOGUTGAT
TCAGTCCTCCAGGGCCCATGCGATTGTGGCTCTGACCCGLC
ACACAGAGAAATGTGTGGTCOGTTCGACGCCCOGGGUOTCCTC
CGCGAGOGTTGOGTATCTCTGACGCTATTOTTAATAATTTCTTC
CTTTCCGGUGGTCAGGTTGGTCAGCACCGCCCGTCAGTCAT
ACCACGCOGGUACTATTGATTIGTAATGTTGATACACTTGATG
CATTCCCGCCCTCCTGTCAGTTITAGTGCCTACCACCAGCTT
GCCGAGGAGCTTOGGUCATCOACCGOGCCCCOGATTGCTGCTGT
CTTACCTCECTGCCCOGAGCTTGAACAGGGUCTOCTTTATA
TGCCTCAGGAGCTCACTACATCGGACAGTGTGCTAACATTT
GAGCTTACAGATATAGTGCACTGUCGTATOGGUGGCGLCTA
GTCAGCGCAAGGCAGTCCTOTCOGACTCTTIGTCGGTAGOGTAT
GOCCGUCGTACGAAGCTGTATGAAGCTGUTCATGCAGATG
TTCOGTGOGTCTCTGAATCATTTTATCCCCGAGCTCCGCCCTA
TCAGCGTCACTACCTGCGAGCTCTATGAGCTTGTAGAGGCC
ATGGTTGAGAAAGGUCAGGACGGCTCCOGCGHTTCTGGAGC
TCGACTTGTOGCAGCCOGTGATOTCTCGUCGAATAACATTTTTC
CAGAAAGACTGCAATAAGTTTACAACTGOCGAAACAATAG
CGUATGOCAAAGTTGOGCAGGGOATATCTGUATGGAGTAA
AACCTTITTGCGCCCTOTTTGOGCCCCTOUTTCCOTGCTATTGA
CAAAGAGATTICTAGCTGTOCTTGUGCCTAACGTATTITTATG
GTOGATGCATATGAGGACACAGTTTTGGUCGUTGCCGTCGCA
GOAGCCTCCGGCTOTAAGOGTTTTTGAGAATGATTTTTCAGA
GTTTGATAGTACCCAAAATAATTTCTCGUTTOGOCTGHAGT
GTATAATTATGGAGGAGTOTGGCATGCCGCAGTGOATGAT
TCGCCTCTACCATCTCOTCCGCTCCGCCTGGGTCCTCCAGS
CCCCGAAGGAGTCOCTTOGCGOGOTTTITGGAAGAAACACTCT
GOGTGAACCCGOTACTOTOGCTCTGGAACACTGTCTGGAATAT
GOCAGTTATAGCCCACTGTTATGAGTTCCGTGACCTAAAAG
TTGCGGUGTTTAAGGOGOGATGATTCTGTTIGTGCTCTGTAGC
GACTATCGGCAGAGCCGTGATGCAGCTGCCTTGATTCCGE
GCTGTGOGTTGAAGCTTAAGGTGGACTTTAGGCCTATTIGOG
CTGTATGUCTGOTOTTOTTIOTGOCCCCAGGTTTAGOGAACCOT
ACCTGATOGTTGTTAGGTTTGCTGGGCGACTCTCAGAGAAAA
ACTGGOGOCCCOGTTTGOAGAGGGCAGAGCAGUTACGHCT
GOCTGTTTGTGACTTTCTGUCGAAGOGTTAACGAATETGGCTC
AGOGTTTGTGTGCATOTTGTCTCGCAAGTATATGGTGTTAGC
CCTOGGUTTGGTACATAACCTGATTGOGATGUTCCAGACTAT
TGCTGATGGTAAGGCCCATTTTACCGAAACAGTTAAACCTG
TCCTTGATTTGACCAACTCCATCATATATCGGGTGGATTGA
(SEQ D NO: 83

Table 3. Examples of ORF2 Nucleotide Sequences

Genotype 1

ATGCGCCCTCOGLCCTATTTTGCTGTTGUTCCTCATGTTTICTG
CCTATGUTGCCCOGCGUCACCGUCCGHLTCAGCCGTOTGGUCG
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AAL50056.1

CCGTCOTGGGCGGCGCAGCOGLGGTTCCGGCGOTGOTTICT
GGOGTGACCOGGOTTGATTCTCAGUCCTTCGLCAATCCCCTAT
ATTCATCCAACCAACCCCTTCGUCCCUCGATGTCACCGCTGE
GGCCOGGOLGUCTGGACCTCGTOTTCGUCAACCCGUCCGACCA
CTCGOGCTCCGCTTGGUGTGACCAGHGCCCAGUGUCCCGLCGT
TGCCTCACGTCOTAGACCTACCACAGCTGGGOCCGCGECGE
TAACCGCGGTCGCTCCGHGCCCATGACACCCCOGCCAGTGOCT
CATGTTGACTCCCGUGGUGCCATCCTGUGCCGGLAGTATAA
CCTATCAACATCTCCCCTCACCTCTTCCGTGOCCACCGGCA
CAAATTTGOTTCTTTACGOCGUTCCTCTTAGCCCGUTTCTALC
CCCTCCAGOGACGGCACCAATACTCATATAATGGCTACAGA
AGCTTCTAATTATGCCCAGTACCGGOGTTGCTCGTGCCACAA
TTCGCTACCGCCCGCTGOTCCCCAACGUTGTTOGGTGGUTAL
GCTATCTCCATTTCOTTCTOGGUCACAGACCACCACCACCCO
GACGTCCGTTGACATGAATTCAATAACCTCGACGGATGTCC
GTATTTTAGTCCAGCCCGGUCATAGCCTCCGAGCTTGTTATT
CCAAGTGAGCGCCTACACTATCGCAACCAAGGTTGGCGCT
CTGTTGAGACCTCCGOGHTGOGCGGAGGAGGAGGCCACCTC
TGOTCTTGTCATGCTCTGCATACATGGCTCACCTGTAAATT
CITATACTAATACACCCTATACCGGTGCCCTCGGGCTOTTG
GACTTTOGCCCTCGAACTTGAGTTCCGCAACCTCACCCCOGG
TAATACCAATACGUGGOTCTCGCGTTACTCCAGCACTGCCC
GTCACCGCCTTCOTCGUGGTGCAGATOGHACTOGCCGAGCTC
ACCACCACGGCTGCTACTCGUTTCATGAAGGACCTCTATIT
TACTAGTACTAATGGTGTTGGTGAGATCGGCCGCGGGATA
GCOGCTTACCCTGTTTAACCTTGCTGACACCCTGETTGGLGG
TCTACCGACAGAATTGATTTCGTCGGUTOGGTGGUECAGCTGT
TCTACTCTCGCCCCGTCGTCTCAGCCAATGGCGAGCCGACT
OTTAAGCTGTATACATCTGTGOAGAATGUTCAGCAGGATA
AGGGTATTGCAATCCCGLCATGACATCGACCTCGGGGAATC
CCGTGTAGTTATTCAGGATTATGACAACCAACATGAGCAG
GACCGACCOGACACCTTCCCCAGCCCCATCGOGTCOTTTTTC
TGTCCTCCGAGCTAATCGATGTGCTTITGGCTTTCTCTCACCGC
TGCCGAGTATGACCAGTCCACTTACGGUTCTTCGACCGGLC
CAGTCTATGTCTCTGACTCTGTGACCTTGOTTAATGTTGOG
ACCGGUCGCGCAGGCCOTTOGCCCOGTCACTCGACTGGACCA
AGGTCACACTTOATGOTCGUCCOCCTTICCACCATCCAGCAG
TATTCAAAGACCTTCTTTGTCCTGCCGCTCCGCGOTAAGOT
CTCCTTTTGOGAGGCAGGAACTACTAAAGCCGGGTACCCTT
ATAATTATAACACCACTGUCTAGTOGACCAACTGUTCGTTGAG
AATGCCGCTGGGCATCGGOTTGCTATTITCCACCTACACTALC
TAGCCTGOGTGCTGGUCCCOGTCTCTATTITCCGUGGTTGCTG
TTTTAGCCCCCCACTCTOTGUTAGCATTGUTTGAGGATACC
ATGGACTACCCTGCCCGCGCCCATACTTTCGATGACTTICTG
CCCGLGAGTGCCGCCCCCTTGGUCTCCAGGOUTGTGCTTTTC
AGTCTACTOGTCGCTOGAGCTTCAGCGCCTTAAGATGAAGGTG
GGTAAAACTCGGGAGTTATAG (SEQ D NG: 9)
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Genotype 2 ATGCGCCCTAGGCCTCTITTGCTGTIGITCCTCTIGTITTICTG
CCTATGTTGCCCGCGCCACCGACCGGTCAGCCGTCTGGOCG
AAA4STI2] CCGTCGTGGGCGGCGCAGCGGCGGTACCGGCGGTGGTTTC

TGGGOTGACCGOGTTGATTICTCAGCCCTTCGCAATCCCCTA
TATTCATCCAACCAACCCCTTTGUCCCAGACGTTGCCGUTG
COGTCCOOGOTCTGOGACCTCGUCTTCGCCAACCAGCCCGGUCA
CTTGGCTCCACTTGGCGAGATCAGGUCCAGCGCCCCTCOGC
TGCCTCCCGTCGUCGACCTGUCCACAGUCGGGGLTGLGGUGC
TGACGGCTGTGGCGCCTGCCCATCGACACCTCACCCOTCCCG
GACGTTGATTCTCGUGGTGCAATTCTACGCCGCCAGTATAA
TTTGTCTACTTCACCCCTGACATCCTCTGTGOGCCTCTGGCAL
TAATTTAGTCCTGTATGCAGCCCCCCTTAATCCGCCTCTGCC
GCTGCAGGACGGTACTAATACTCACATTATGGCCACAGAG
GCCTCCAATTATGCACAGTACCGGOGTTOGCCCGCGCTACTAT
CCGTTACCGGCCCCTAGTGCCTAATGUCAGTTGGAGOGCTATG
CTATATCCATTTCTTTCTGGUCTCAAACAACCACAACCCCY
ACATCTGTTGACATGAATTCCATTACTTCCACTGATGTCAG
CATTCTTGTTCAACCTOGGCATAGCATCTGAATTGGTCATCC
CAAGCGAGCGUUTTCACTACCGUAATCAAGGTTGGCGCTC
GOTTGAGACATCTGOGTGTTGCTGAGGAGGAAGCCACCTCC
GOTCTTOTCATGTTATGCATACATGGCTCTCCAGTTAALCTC
CTATACCAATACCCCTTATACCGOGTGCLCTTGGUTTACTGEG
ACTTTGCCTTAGAGCTTGAGTTTCGCAATCTCACCACCTGT
AACACCAATACACGTGTOTCCCGTTACTCCAGCACTGUTCG
TCACTCCGCCCGAGGGOUCCGACGGGACTOGCGLAGCTGACC
ACAACTGCAGCCACCAGOTTCATGAAAGATCTCCACTTTAC
COGOCCTTAATGOGGOTAGOGTGAAGTCOGOCCGLCGGGATAGCT
CTAACATTACTTAACCTTIGCTGACACGCTCCTCGGCGGOGET
CCCGACAGAATTAATTTCOGTCGOCTGOCGHGLAACTOTTTT
ATTCCCGUCCGOTTOTCTCAGCCAATGOUGAGCCAACCOTG
AAGUTCTATACATCAGTGGAGAATGCTCAGCAGGATAAGG
GTGTTGCTATCCCCCACGATATCGATCTTGGTGATTCGCGT
GTGGTCATTCAGGATTATGACAACCAGCATGAGCAGGATC
GGCCCACCCCGTCGCCTGCGUCATCTCGGCOTTTTTCTGTTIC
TCCGAGCAAATOGATGTACTTTGOGCTGTCCCTCACTGCAGCC
GAGTATGACCAGTCCACTTACGGGTCGTCAACTGGCCCGOT
TTATATCTCGGACAGCGTGACTTTGOTGAATOTTGCGACTG
GUGCGCAGGUCGTAGCCCGATCGCTTGACTGOGTCCAAAGT
CACCCTCGACGOGGCOGGUCCCTCCCGACTOTTGAGCAATATT
CCAAGACATTICTTTGTGUTCCCCCTTCGTGGUAAGCTCTCCT
TTTGGGAGGCCGGCACAACAAAAGCAGGTTATCCTTATAA
TTATAATACTACTGCTAGTGACCAGATTCTGATTGAAAATG
CTGCCGGUCATCGGUTCGUCATTTCAACCTATACCACCAGE
CTTGGOGCCGGTCCGOTCGCCATTTCTGCGGCCGCOOGTTIT
GGCTCCACGCTCCGCCCTGOGUTICTGUTGGAGGATACTTITTC
ATTATCCGGGGCGGOLCGCACACATTTGATCGACTTCTGCCCT
GAATGCCGCGUCTTTAGGCCTCCAGGOTTGTGCTTTICCAGTC
AACTGTCOGCTGAGUTCCAGCGUCTTAAAGTTAAGGTGOGTA
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AAACTCGGGAGTTGTAG (SEQ ID NO: 1)

Genotype 3

AFD33684.1

ATGTGCCCTAGGOTTOTTCTGCTGUTGTTCTTCGTGTTTCTG
CCTATGCTGCCCGCGUCACCGGCCGGCCAGCCGTICTGGLCG
TCHETCGTGGGUGGLGCAGCGGUGHETGLCCGELGETGETTICT
GGGGTGACAGGGTTGATTICTCAGCCCTTCGCCCTCCCCTAT
ATTCATCCAACCAACCCCTTCGUCGCCGATATCGTTTCACA
ATCCGGGGCTGGAACTCGCCCTCOGCAGULGCLCCGLLCCl
TTGGCTCCGCTTGGCGTGACCAGTCCCAGCGUCCOTCCGLT
GUCCCCCGCCGTCOGATCTGCCCCAGUTGOGGGUTGCGCCOTT
GACTGCTGTATCACCAGCCCOCTGACACAGCLCCTGTALCCTG
ATGTTGATTCACGTGGTGCTATICTGCGTCGGCAGTATAAT
TIGTCCACGTCCCCGUTCACGICATUTGTTGCTTCGGETACC
AATTTGGTTICTICTACGCTGCCCCGUTAAATCCCCTCTTGCCC
CTCCAGGATGGCACCAACACCCATATCATGGUCTACTGAGG
CATCCAACTATGCTCAGTACCOGOGOTCOGTTCGAGLCTACGATC
CGCTACCGCCCGUTGOTGCCGAATGCTGTTGGTGGTTATGC
TATTTCTATTTCTTTTTGGUCTCAAACTACAACTACCCCTAC
TTCTGTTGATATGAATTICTATTACTTCCACTGATGTTAGGAT
TTTGGTCCAGCCCGGTATIGCCTCCGAGTITAGTCATCCCTA
GITGAGUCGCCTTCATTATCGCAATCAAGOGOCTGOCGCTCTGTT
GAGACCACAGGTGTGGCTGAGGAGGAGGCTACCTICCGGTC
TGGTAATGCTTTGCATTICATGGCTCTCCTGTTAACTCTTATA
CTAATACACCTTACACTGGTGCGTTGGGOGCTCCTTGATTTT
GCACTAGAGCTTGAATTCAGGAATTITGACACCCGGGAACA
CCAACACCCOGTGTTTCCCGGTATACCAGCACAGCCCGTICAT
CGOTTGCOTCGCGGTGUCTGATGGGACCGCTGAGCTTACTALC
CACAGCAGCCACACGATTTATGAAGGATCTGCATTTICACTG
GCACTAATGGCGTTGGETGAGGTGGOTCGUGGETATCELCCTG
ACACTGTTCAATCTTGCTGATACGCTTCTAGGTGGTTTACC
GACAGAATTGATTTCGTCGGCTGGGEGETCAGTTGITUTACT
CCCGCCCTOTTGTCTCGGCCAATGOGCGAGCCGACAGTGAA
GTTATACACATCTGTGGAGAATGLGCAGCAAGACAAGGGC
ATTACCATCCCACACGATATAGATTTGGGTGACTCCOGTET
(J(JTTATTCA(}(JATTATGATA,ATC AGCACGAGCAAGACCGA
CCCACGCCGTCACCTGCCCCUTCACGCCCTITCTCAGTCCTTY
CGUGUTAACGATOTTTTIGTGGUTCTCCCTCACTGUCGUTGA
GTACGATCAGGCTACGTATGGGTCGTICTACCAACCCTATGT
ATGTCTCTGATACAGTTACCTTTIGTICAATGTIGGCCACTGGT
GCTCAGGUTGTTOCCCOGCTCTCTTGATTGGTCTAAAGTTAL
TTTGGATGGTCGCCCCCTT ACTACCATTICAGCAGTATTCTA
AGACATTTTATGTTCTCCCGUCTCCGUGGGAAGCTGTCCTTTY
(Y(JQYAQ(J(/TQ(J(/AL AACTAGGGCCGOCTACCCATATAACTA
TAACACCACTGUTAGTGATCAAATTCTGATTGAGAATGCGG
CCGGUCATOGTGTCGCTATCTCCACCTACACTACCAGLCTG
GOTGCCGGCCCTGCCTCGATCTCCGLGGTOGOTGTATTAGC
CCCACACTCGGCCCTTGCTGTTCTTGAGGACACTGTTGATT
ACCCTOUCTCOGTOCTCACACTTTTGATGATTICTGCCCGGAG
TGTCGTACCCTAGGTTTGCAGGGTTGTGCATTCCAGTCCAC
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TATTGCTGAGCTTCAGCGCCTTAAAACGGAGGTAGGCAAA
ACCCGGGAGTCTTAA (SEQ 1D NO: 1)
Genotype 4 ATGTTCTTTTGCTCTTTGCATGGAGATGCCGCCATGCGOTCT
CGOGCTCTTCTGTTTITGCTCCTCGTGTTTTTGCCTATGCTG
BAG32134.1 CCCGCGCCACCGGCCGGTCAGTCGTCTGGCCGTCGCCGCGE

GCGOCGCAGCGHCOGGTACCGHCGHETGOTTTCTOGOGTGAC
COGOTTOATTCTCAGCCCTTCGUCOCTCCCCTATATTCATCCA
ACCAATCCCTTCGCATCCGACATTCCAACCGCAACCGGGGE
TGGAGUTCGUCCTCGOCAGCCAGUCCGTCCACTCGGETCOG
CTTGGCGCGACCAATCCCAGCGCCCOCGCCGCTCCTGUCCGT
CGCCGACCTGCCCCAGCTGOGOGCTTCGCCGUTAACAGUTGT
TGCCCCAGCCCCCGACACTGCCCCGGTTCCCGACGTGGACT
CCCOGTGOTGCTATATTGCGUCCGCCAGTACAACTTGTCCACG
TCACCGCTTACGTCCACTATCGCTACTGGLCACTAATCTTGT
GUTATATGCTGCCCCACTGAGCCCTCTGUTCCCTCTCCAGG
ATGGGACTAATACTCATATCATGGCCACTGAGGCCTCTAALC
TATGCTCAGTATCOGCGTTGTCCGTGCCACTATTCGHTACCG
GCCTCTOGOTGCCGAATGUGOGTTGGUGGOTACGCCATATCCA
TCTCCTTTTOGGUCTCAGACAACAACCACCCCGACCTCOGTC
GACATOGAATTCCATCACCTCTACCGATGTCCOGTATCCTCOGT
TCAGCCTGGTATAGCCTCTGAGCTTGTGATCCCTAGTGAGC
GCCTGUATTATCOGCAATCAGGOTTIGGCGUTCGGTTGAGACT
TCTGOTOTTGCGGAGGAGGAGGUTACCTCTGOGCCTTGTTAT
GCTCTOTATTCATOGGATCTCCTGTAAATTCCTACACTAATA
CACCCTATACTGGTGCTCTCGOGUTTGUTCGATTTTGUGCTTG
AGCTTGAATTTCGTAATTTGACACCTOGGCAATACGAATACG
COCOTCTCTCGTTATTICTAGTAGTGCGCGUCACAAGTTACG
CCGAGGGUCTOATGGUCACTGUCGAGTTGACCACCACTGCT
GCTACACGTTTCATGAAAGATCTCCATTTTACCGGGACTAA
TGGTOTTGGTGAGGTTGGCCGTGOTATTGCGCTAACTCTGT
TTAATCTTGCTGATACGCTTCTCGGCGGGUTCCCGACAGAA
TTGATTTCGTCGGCCGGAGGCCAATTGTTTTACTCACGCCC
COTCOGTCTCAGUCAATGGUGAGUUCGACAGTGAAACTCTAC
ACCTCAGTTGAGAATGUCCCAGCAGGACAAGGOTATAGCCA
TTCCACATGATATTGACCTTGOGTGAGTCCCGAGTTGTGATT
CAGGATTATGATAATCAACACGAGUCAAGACCGUCCCACCC
CTTCCCCTGCCCCCTCACGTCCTTTICTCAGTTCTTCGTIGCTA
ATGATGTGCTTTGGCTTTCATTGACGGCTGUTGAATACGAT
CAAACTACTTATGGTTCTTCCACTAATCCTATGTATGTTTCT
GACACTGTGACATTTGTTAATGTAGCGACCGOTGCCCAGGE
GOTTTCTCOTTCCCTGGACTGGTCTAAAGTCACCCTCGATG
GTCOGOUCOCTTACAACAATTCAGCAGTATTCTAAGACCTTC
TTTGTCCTACCTCTTICGTGGTAAGCTCTCTTTCTGGGAGGCT
GGUACTACTAAAGUTGGCTACCCTTATAATTATAACACTAL
TGCCAGTGATCAGATCTTAATTGAAAATGCACCTGOTCACC
GAGTCTGTATTTCCACCTATACTACTAATCTTOGTTCCOGGOC
CTOTCTCTATTTCTGCCGTTGOGTGTCCTCOCACCCCATTCTG
TGCTGOGCCGCTTTGGAGGATACCGTTGATTACCCTGCTCGT
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GCTCATACTTTCGATGATTTCTGCCCTGAGTGCCGTGCGCT

CGGTCTCCAGGGCTGCGCTTTTCAATCGACTGTCGCTGAGC
TGCAGCGTCTTAAAATGAAGGTGGGTAAAACCCGGGAGTA
TTGA (SEQ ID NO: 12)

10059] In one embodiment, the present invention is suitable for identifying an agent that
inhibits any one or more activities of HEV ORF3 protein (e.g., ion channel activity,
multimerization activity, or viroporin activity), thereby reducing or preventing HEV egress
from an infected cell and inhibiting HEV infectivity. In some embodiments, the agent can
bind to one or more regions of the ORF3 protein. For example, the agent can bind to {or
make contact with) the ORF3 protein at any one or more residues selected from the residues
at positions 11-13, 29-40, 59-01, 71-73, 80-85, 86-89, or 95-08 of SEQ ID NO: 1. In certain
embodiments, the agent can bind to one or more regions of an ORF3 protein comprising any
one of SEQ ID NOs: 2-4, wherein the one or more regions correspond 1o {e.g., possess
equivalent functions to) any one or more residues selected from the residues at positions 11-
13, 29-40, 59-61, 71-73, B0-85, 86-89, or 95-98 of SEQ 1D NO: 1.

{0060} In some embodiments, the agent 1s a small molecule, as described herein.

{0061 ] As described heretn, 1o some embodiments, the method comprises introducing
into a cell cuiture 1) a nucleic acid that comprises an HEV open reading frame Z (ORF2)
nucleotide sequence, 2} a nucleic acid that comprises an HEV ORF3 nucleotide sequence,
and 3} a nucleic acid that 1) comprises a reporter gene and an HEV ORF1 nucleotide
sequence and 1) facks HEV ORF2 and ORF3 nucleotide sequences. As described herein,
various methods for introducing {(e.g., transfecting, transducing, transforming) nucleic acids
into cells of a cell culture are known in the art and can be used in the methods disclosed
herein.

{0062] In some embodiments, the cell culture comprises, or is derived from, a hepatocyte.
In certain embodiments, the cell culture comprises, or is derived from, a gastrotntestinal cell.
However, other suitable types of cells can also be used in the present transcomplementation
system, as determined by those of skiil 1u the art.

{6063} In some embodiments, the nucleic acids encoding ORF2 and ORF3 are introduced
into the cells in the cell culture on a single vector. However, as will be apparent to those of

skill in the art, ORFZ and ORF3 can be introduced into the cells in the cell culture on separate
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vectors. In vartous embodiments, the nucleic acid components introduced into the cells are
introduced as an RNA molecule (e g, in vitro-transcribed HEV RNA).

{0064] In certain embodiments, the nucleic acid that 1) comprises ORF1 and a reporter
gene and 11} lacks ORF2 and ORF3 1s tntroduced as an RNA molecule {e.g., in vitro-
transcribed HEV RNA). The nucleic acid can lack either all or a portion of the ORF2 and
ORF3 sequences, provided no functional ORF2 and/or ORF3 proteins are expressed. Ina
particular embodiment, the nucleic acid lacks ORF2 and ORF3 nucleotide sequences entirely.
8065] Any suitable reporter gene known in the art can be used in the present invention.
In various embodiments, the reporter gene encodes, e.g., a Hluorescent reporter, a
bioluminescence reporter, a chemiluminescence reporter, or a selectable marker. An example
of a bioluminescence reporter includes, e.g., a luciferase enzyme. Examples of selectable
markers include, e.g., puromyein, blasticidin, HSK-thymidine kinase, and the like.

{8066} In some embodiments, the method further comprises contacting the cell culture
{i.e, the ceils introduced with 1) a nucleic acid that comprises an HEV ORF2 nucleotide
sequence, 2} a nucieic acid that comprises an HEV ORF3 nucleotide sequence, and 3} a
nucieic acid that i) comprises a reporter gene and an HEV ORF1 nucleotide sequence and 1)
lacks HEV ORF2 and ORF3 nuclectide sequences) with a candidate agent to be tested for
anti-HEV activity {¢.g., a reduction, completely or partially, in HEV function), as described
herein. Generally, the candidate agent is contacted with the cell culture into which nucleic
acid has been introduced by adding the candidate agent into the medium 1n which the cells
are cultured. Methods of determining a suitable concentration range to be tested will depend
on the agent to be tested, according to systematic methods typically used in the art.

[6067] In some embodiments, the method also comprises harvesting the cell culture
media from the cell culture that has been contacted with the agent to collect the HEV released
by the cells {e.g., transfected or transduced cells) into the cell culture media. In certain
embodiments, it may be destrable to lyse the cells {e.g., transfected or transduced cells) to
determine the proportion of HEV that did not properly release into the cell culture media.
{60638] In some embodiments, the method further comprises combining the harvested
media (collected from the cell culture of the cells that have been, e.g., transduced or
transfected) with a naive cell culture to nfect the naive cell culture with the HEV released
from the cells {(e.g., transduced or transfected). The harvested media can be processed prior

to combining (nfecting) with the naive cells to, e.g, filter or concentrate the collected HEV.
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{6069] Asused heretn, a “naive” cell culture refers to a cell culture comprised of cells
that are not infected with HEV and/or have not been introduced with full-length or
subgenomic variants {e.g., fragments} of the HEV genome. In certain embodiments, the
naive cells are of the same cell-type as the cells (e g, transduced or transfected cells) from
which the HEV has been obtatved.

{6070} In some embodiments, the method further comprises measuring a level of activity
of the reporter gene in the naive cell culture. Methods of measuring the level of activity of
reporter genes such as a tluorescent reporter, a bioluminescence reporter, a
chemtluminescence reporter are readily available and well-known in the art. For example, as
described herein, a huciferase assay can be performed to measure the level of activity of a
tuciferase gene, according to standard manufacturer’s protocol.

18071} In various embodiuments, the method also comprises comparing the level of
reporter activity measured in the naive cell culture, also referred to herein as “the measured
activity level,” to a reference activity level, wherein a decrease 1n measured activity Jevel as
compared fo the reference activity level indicates that the agent inhibits HEV infectivity. In
some embodiments, the reference activity level is obtained from a naive cell culture that has
been infected with HEV particles harvested from cells that were not contacted with the agent
to be tested for anti-HEVY activity.

{6072] Alternatively, or in addition to measuring and comparing the level of reporter
activity in the naive cell culture to a reference level, the method comprises comparing the
fevel of released HEV or component thereof {e.g., capsid protein} measured in the naive cell
culture to a reference level of released HEV or component thereof, wherein a decrease in
measured HEV level as compared to the reference level indicates that the ageot inhubits HEV
infectivity. In some embodiments, the level of a released HEV can be measured by ELISA
{e.g., by detecting the capsid protein with a capture antibody}. In some embodiments, the
reference level of released HEV is obtained from a naive cell culture that has been infected
with HEV particles harvested from cells that were not contacted with the agent to be tested
for anti-HEV activity.

{6073} In certain embodiments, a decrease in measured activity level of at least 20%, at
feast 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at feast S5%, at

feast 60%, at least 653%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
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feast 95, or 100% as compared to the reference level indicates that the agent inhibits HEY
infectivity.

{0074} Unless defined otherwise, all technical and scientific terms used hergin have the
same meaning as commonly understood by one of ordinary skill in the art (e.g., in cell
culture, molecular genetics, nucleic acid chemistry, hybrdization techoiques and
biochemistry}. Standard techniques are used for molecular, genetic and biochemical methods
{see generally, Sambrook ef /., Molecular Cloning: A Laboratory Manual, 2d ed. (1989)
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.'Y. and Ausubel e o/, Short
Protocols in Molecular Biology (1999} 4w Ed, John Wiley & Sons, Inc. which are

incorporated herein by reference) and chemical methods.

EXEMPLIFICATION

10075] Materials and methods

[6076] Cell Iine and animals

{6077} HEKZ293T cells (ATCC, Manassas, VA, USA) and HepG2CU3 A cells (ATCC)
were maintained o Dulbecco’s modified Eagle medium (DMEM ) supplemenied with 10%
Fetal Bovine Serum (FBS}), 50 IU/mli Penicillin and Streptomycin, in a humidified 5% CO2
incubator at 37°C. All experiments involving cocytes derived from Xenopus laevis were
performed in accordance to protocols approved by the Institutional Animal Care and Use
Committee at Rutgers University.

{0078} Plasmids construction

18079} To construct lentiviral construct that encoding Kernow C1/p6 ORF2 or Kernow
Cl/p6 ORF3, the Kernow Cl/p6 ORFZ or Kernow C1/p6 ORF3 ¢DNA was amplified by
PCR from HEV Kernow C1/p6 construct (a kind gift from Dr. Suzanne Emerson, NIH) and
then cloned into pLVX-IRES-zs8Green! or pLEX-IRES-mCherry vectors using In-Fusion®
HI» Cloning Kit (Clontech, Mountain View, CA, USA). To construct the pLEX-JAY M2-
IRES-mCherry vector, cDNA encoding Influenza A virus M2 {(A/Puerto Rico/8/34/Mount
Stnat/Wi{HIN1}} was synthesized by DT with gBlock, and then cloned into pLEX-IRES-
mCherry vectors using In-Fusion® HD Cloning Kit {Clontech). TAV M2 mutants were
generated by Quikchange (Stratagene) site~directed routagenesis. All the constructs were

verified by DINA sequencing analysis.
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{6080] Generation of ORF3 alanine mutants. Kernow C1/p6 ORY3 alanine triplet
mutants were synthesized by GenScript (Piscataway, NI) or by PCR amplification with
primers containing the desired changes. Primary PCR products containing the engineered
mutations were assembled and cloned into the pLEX-IRES-mCherry vector using In-Fusion®
HD Cloning Kit (Clontech) in according to the wstruction.

{0081} In vitro transcription (IVT) and viral RNA transfection

{0082] HEV Kernow-C1 p6/Gluc plasmid {genotype 3 subgenomic replicon expressing
Gaussia huciferase; a gift from Dr. Suzanne Emerson, NIH) was linearized by Mluf and the
viral capped RNAs were transcribed in vifro from Hnearized plasmid using mMESSAGE
MMACHINE® T7 Ultra Kit {Ambion, Austin TX, USA). The IVT reaction mixture of 20
was assembled by adding DNA template (1 ng), T7 Reaction Buffer, T7 NTP/ARCA, GTP
and T7 Enzyme Mix. The IVT reaction mixture was incubated at 37°C for 3hr. To remove the
template DNA, 1l TURBO DNase (from MEGAscript® T7 Kit) was added to the IVT
reaction maxture and tncubated for 15 min at 37°C. Then, the viral RNA was purified using
RINeasy Mini Kit ((Qlagen, Hilden, Germany). Viral RNA was transfected into HepG2ZC3A
cells using TransIT®-mRNA Transfection reagent (Mirus Bio LLC, Madison, WI, USA)in
according to the instruction.

10083} Gaussia Luciferase assay

{6084] {aussia luciferase activity was measured with the Renilla Luciferase Assay
System (Promega, Madison, W USA). Ten microlitres of harvested cell culture medium was
added per well of a 96-well black, flat-bottom microplate (Coming, NY, USA}, followed by
the addition of Renilia luciferase assay substrate and the detection of luminescence using a
Berthold tuminometer.

{6085) Lentiviral particles production and infection

{0086} VSV-( pseudotyped lentiviruses were produced by transient co-transfection of
the 3rd generation packaging plasmids pMB2G, psPAX2 and transfer vector with X-
trerneGENE™ HP DNA Transfection Reagent (Sigma-Aldrich, St Louis, MO, USA ) into
HEK293T cells. The media was changed 6 h posi-transfection. Supernatants were collected at
48 and 72 hr after transfection, pooled, passed through a 0.45um filter and frozen at -80°C.
For lentiviral transduction, 1x10° cells/well were seeded in 6 well tissue culture plates and
infected the following day with lentiviruses. Cells were trypsinized and processed for FACS

analysis after 3 days of infection to determine the transduction efficiency.
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{6087} Co- Immunoprecipitation and Western blot assay

{0088} Cell Iysates were prepared from 5x10° cells in a 10 mM Tris buffer (pH, 7.5)
containing 0.1% NP-40 and ImM EDTA, along with a cocktail of protease and phosphatase
inhihitors. Lysates were then incubated with Flag (M2, sigma) antibody (lug, at 4 °C for &hr),
after which the immune-complexes were precipitated with protein A-sepharose. These
immunoprecipitates were resolved on a 12% SDS-polvacrylamide gel, transferred onto a
nitroceliulose membrane, and then analyzed by Western blot using anti-Flag (M2, Sigma) or
anti-HA{Clone HA-7, Sigma) antibodies. Membranes were then washed three times with
TBS-T for 15 min total Membranes were incubated with goat anti-mouse DyLight800-
conjugated antibody (Thermo Fisher Scientific) dituted 1:5000 for 30 min and washed with
TBS-T three times for 5 min each. Membranes were visualized using the Odyssey® CLx
Imaging System and images were processed using Image Studic Lite Ver5.0.

0089} Cell culture derived HEV generation and infection

[6090] HEV Kermnow C1/p6 viral RNA was generated with in vitro transcription kit and
transfected into HepGZC3 A cells as describe before. Medium was removed from transfected
cells after 7 days post transfection and cells were trypsinized and centrifuged at 800 rpm for 5
min. PBS (1ml) suspended the cell pellet and the sample was subjected to three rounds of
freezing and thaw. Debris was removed by centrifugation at 13,200 rpm for S min and the
supernatant was stocked at -BO°C. As for the infection assay, the HepGRU3 A cells were
seeded into a 6-well plate, and cells were infected by HEV in the following day, medium was
changed at 12hs after the infection. After 6 days, cells were fixed and stained for
immunofluorescence microscopy.

{0091} Confocal microscopy

{6092} Hep(G2C3A ceils were washed with PBS 3 days after lentiviral transduction with
HA-tagged wild type or routant ORF3 coustructs, fixed with 4% paraformaldehyde (PFA)
and then permeabilized with 0.3% Triton X-100. The cells were blocked with 2% bovine
serum albumin (BSA) and immunolabeled with mouse anti-HA (Clone HA-7, Sigma) and
rabbit anti-calnexin{Abcam, Cambridge, MA, USA} antibodies for 1h at room temperature.
Cells were washed with phosphate-buftered saline (PBS) and incubated with Alexa Fluor
488-conjugated goat anti-mouse antibody {(Thermo Fisher Scientific) or Alexa Fluor 647-
conjugated goat anti-rabbit antibody (Thermo Fisher Scientific) for 1h. Nuclei were stained

with Hoechst dye. To observe the localization of ORF3 in the Xenopus laevis oocytes, the
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oocyies were collected at 48 brs after OREF3 mRNA injection for immunostaining assay as
described above, rabbit anti-ORF3 polyclonal antibody (a kind gift trom Dr. Suzanne
Emerson, NIH) and Alexa Fluor 555-conjugated goat anti~rabbit antibody (Thermo Fisher
Scientific) were used. Images were taken using a Nikon Al Spectral Confocal Microscope.
Imagel avalysis was done using fmaged software (National Tustitutes of Health),

{6093} Voltage clamp experiments

[6094] The ORF3 or M2 ¢DNA was cloned into pSP64-polv A vector with restriction
sites for Hindl1 {5° end) and BamHI (3° end) enzymes. The plasmid was linearized by EcoRl1
digestion and transcribed i vitro to synthesized mRNA using the mMESSAGE mMACHINE
high-yield capped RNA transcription SP6 kit {Ambion, USA} Healthy Xenopus laevis
cocyies in stage V to VIwere injected with 20 ng of mRNA per oocyte and incubated at 16°C
in an ND-96 solution. Two-electrode voltage clamp (OC-725C, Wamer lnstrument Corp.)
was used to record the currents at 48 hr post of injection. The oocytes were first bathed in

2mM KO 1.8mM Call2 and SmiM HEPS, pH7 .4)

standard Ringer solution (115mM NaC(l,
at room temperature and impaled with microelectrodes filled with 3 M KCI. Currents were
generated by applving the rectangular voltage protocol from —90 to +60 oV in 10 mV
increments with a holding voltage of —60 mV. Current recording and analysis were
performed by pClamp 103 software package (Axon Instruments).

{(095] Flow cytometric analysis

16096} HExpression of lentivirally-delivered transgenes was analyzed by flow cytometry.
Kernow C1/p6 ORF2Z or ORF3 (IAVY M2 or its mutant} were transduced into target cells by
bicistronic lentiviruses expressing zsGreen or mCherry. After 3 days transduction, cells were
fixed in PFA 4%/PBS for 15mig, then washed with PBS. The efficiencies of transduction of
Kenow C1/p6 ORF2 and ORF3 (JAV M2 or its mutant} were determined by simultaneous
expression zsGreen and mCherry. All sarmples were analyzed on a BD LSRIT flow cytometer

using Flowlo Software (Flowlo, LLC, Ashland, OR, USA}

{6097} {uantification of intraceilular virus infectivity

[6098] The Kernow C1/p6-AORF2/3[Gluc] RNA transfected HepG2C3 A cells were
cultured 1o the 12-well cell culture plate and cells were trypuized and washed with PBS, and
then lysed by adding 1ml H2O per well and put on the ice for 20 min, vortexing

intermittently every 5 min. The samples were centrifuged at 13,000 = g for 10 min to temove
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cellular debris, and 0.9 ml of the supernatant was collected and 0. 1mi of 10~ concentrated
PBS was added to infect cells.

{0099} Statistical Analysis

100100]  Student's t test was used to test for statistical significance of the differences
between the different group parameters. p values of less than 0.05 were considered
statistically significant.

[00181]  Resuits

180102] Characterization of ORF3 as a pore-forming protein

{00103] Bioinformatic analysis indicated that HEV ORF3 contained a putative
transmembrane domain (FIG. TA). This prediction was corroborated following expression of
HEV ORF3 in HepG2C3 A cells, a commonly used human hepatoma cell line permissive to
HEV infection. In these cells, colocalization of ORF3 with the ER-associated protein
calnexin was observed (FIG. 1B}, suggesting ORF3 associates with intracellular membranes
likely derived from the ER. Based on the punciate pattern in which ORF3 was expressed, it
was determined whether the protein forms larger complexes. FLAG-tagged ORF3
immunoprecipitated with an anti-HA antibody in lysates derived from HepG2U3 A cells co-
expressing FLAG- and HA-tagged ORF3 (FIG. 1C). Additionally, larger protein complexes
were observed in Western blots of HepG2C3 A lysates even under denaturing conditions,
suggesting multimerization (FIG. 10}, Collectively, these data confirm that HEV ORF3 is a
transmembrane protein localized at ER membranes (Tyagi, S, et al. J Biol Chem 279, 29308-
29319 (2004} and forms multimeric complexes, likely through homophilic interactions.
{80104] The present study indicated that ORF3 shares some similarities to known
viropoting, {virally-encoded protetn complexes that serve as functional ion channels) Like
other viroporins, ORF3 is a small hvdrophcbic protein that tends to oligomerize in ER-
derived membraves. Stmular to class 1A viroporins such as IAV M2 (Punto, L. HL, et al. Cel/
69, 517-528 (1992}, HIV-1 Vpu (Cordes, K. S, et al. Hiochemistry 41, 7359-7365 (2002)), or
the coronavirus E protein (Wilson, L, et al. Virology 353, 294-306, (2006)), ORF3 has a
short tail at the N-terminus that resides in the ER lumen and a long cytosolic tail at the C-
terminus that is prone to phosphorylation at a serine in position 70 (Zafrullah, M., etal J
Virol 71, 9045-9053 (1997}, Emerson, 8. U, et al. ./ Vira/ 30, 10457-10464 (2006)). To
enable direct analysis of ORF3’s function, ORFZ and/or ORF3 were expressed lentivirally in

HepG2C3A cells (FIG. S), into which was subsequently transfected in vitro transcribed RNA
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from a recombinant HEVY genome derived from the Kermnow(C1/p6 genome (Shukla, P. ef al.
Proc Natl Acad S5ci U5 A 108, 2438-2443 (2011)) in which ORF2 and 3 were replaced by a
secreted version of Gaussia huciferase (Gluc), termed rHEVAQORF2/3{Gluc] (see also FIG
5A). Supernatants collected from these cultures at day 5 post-transtection were then used to
infect naive HepG2C3 A cells. The recombinant HEV subgenome replicated equally
efficiently in all cells, irrespective of ORF2/3 expression {data not shown}. In cells
expressing ORF2 only, infectious virions assembled but were retained 1ntracellularly (FIG.
2B). Only supernatants collected from HepG2C3 A cells expressing HEV OR¥FZ and 3
together and not separately led to robust re-infection, as indicated by an approximately 35-45
fold increase 1n luciferase activity over background (FIG. 2A). These data are consistent with
previous reports showing that ORF2 15 essential for packaging and ORF3 tor release of
infectious particles (Yamada, K. ef ol J Gen Pirol 90, 1880-1891 {2009}, Emerson, S. U, et
al. J Virol 80, 10457-10464 {2006)).

[00108]  Next, it was determined whether ORF3’s essential function in HEV release could
be replaced by 1AV M2, a weil-characterized class 1A viroporin (Pinto, L. H.| et al. Cell 69,
S17-528 (19923). Notably, infection of HepG2C3 A cells with supernatants from HepG2L3 A
cells in which transfection of rtHEVAORF2/3{Gluc] was complemented in &rans with HEV
ORF2 and TAV MZ resulted in a 5-8 told mcrease in Glue activity. This signal was
approxtmately two fold lower than the 8-15 fold increase in Gluc activity resulting from
infection with particles packaged in cells expressing HEV ORF2 and 3 (FIG 3A).
Furthermore, IAV MZ2-mediated HEV particle release was dependent on M2’s ion channel
activity as the JAV MZ{A30P} mutant, which abolishes its ion channel activity (Holsinger, L.
I, etal JVirol 68 1551-1563 (1994)), did not support HEV particle egress. Taken together,
these data suggest that HEV ORF3 functions as an ion channel.

{00106] To directly test the ability of ORF3 to facilitate the flux of tons across membranes,
a two-electrode voltage-clamp procedure was used in Xenopus (X)) loevis oocytes injected
with wild-type ORF3, wild-type M2, or mutant M2(A30P) mRNAs. Cells were cultured for 2
days, and total membrane currents were measured. Immunoftuorescence imaging confirmed
expression of ORF3 (FIG. 6D) and the M2 proteins {data not shown} on the outer oocyte
membrane. The currents of oocytes expressing the wild-type ORF3, M2, or M2 mutant
proteins were studied by holding the membrane voltage of the cocytes at -60 mV and then

changing the mmembrane voltage (between ~90 and +60 mV) with a voltage-clamp pulse. This
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hyperpolarization induced an inward current with minimal time dependence that increased to
a steady value immediately after the hyperpolarization pulse was applied. This current was
significantly larger than the endogencus current evoked by identical changes of membrane
voltage in control oocytes injected with M2 mutant (A30P) mRNA or mock injected but was
very similar to that observed in cocytes injected with wild-type M2 mRNA (FIG. 3B).
Together, these data demonstrate that HEV ORF3 serves as a functional ion channel.

{061067] Regions of OR¥F3 important for ion chanuel and viropono function

{00108] Regions within a HEY ORF3 protein important for release of infectious HEY
particles and ion channel function were systematically identified. Alanine scanning
mutagenesis was performed to change triplets of amino acids to alanine across the entire
ORF3 protein. Lentiviral delivery of individual ORF3 mutants, along with unmodified
ORF2, led to high expression of the proteins in the majortty of HepGZU3 A cells (data not
shown). Dually transduced celis were subsequently transfected with rHEVAQORF2/3[Gluc]
RNA and supernatants collected 5 days thereafter. To assess whether any of the ORF3
mutants affected release of HEY, supernatants were used to infect naive HepG2C3 A cells.
Several positions led to 290% reduction n particle release as corpared to HEV released
from cells expressing wild-type ORFZ and ORF3 (FIG. 4A, top panel, FIG 8C). In particular,
the present study confirmed that ORF3 residues 86-89 and 95-98, each containing a PXXP
motif previously shown to be necessary for HEV release (Kenney, 8. P. ef ol J Virol 36,
S637-5646 (2012, Kenney, 8 P, et al Virnlogy 486, 198-208 (2015}, Emerson, 8. U efal J
Virol 84, 9059-9069 {2010); Nagashima, S. ef al. ./ Gen Virol 92, 209-278 (2011)), serve
essential functions. In addition, mutations in positions 11-13, 29-40, 59-61, 71-73 and 80-85
reduced vition release by 80-95%. Gluc levels in the transfected cells were equivalent across
all experimental conditions, demonstrating that the observed differences cannot be simply
atiributed to differences in RNA transfection and/or HEV replication efficiency in the
different producer celis (FI1G. 44, bottom panel}.

100109]  ORF3 mutants that simply affected protein stability were eliminated from the
analysis. Western blots of ysates from HepG2{U3 A cells expressing HA-tagged ORF3
showed that all mutants except ORF3[RLAZ29-31AAA] and ORF3{VVV32-34AAA] could
readily be detected with an anti-HA aotibody (FIG. 7A) and those that did express well, with
the exception of ORFI[CCCI1-13AAA, still formed higher molecular weight complexes

indicative of multimerized ORF3. All stable mutants were then subjected to voltage-clamp
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experiments. Notably, ORF3{CCC11-13AAA} and ORF3{IFI39-61AAA] exhibited a
significant decrease in 1on flux across the membrane as compared to oocyies expressing wild-
type ORF3 (FIG. 4C). ORF3[PLABG-88AAAT and ORF3[PSAS5-97TAAA], which had
alanine triplets disrupting the PXXP motifs critical for interactions with components of the
ESCRT machinery and thereby interfere with the release of infectious particles through the
vacuolar protein secretion pathway (Emerson, S. Ul ef all J Virof 84, 9059-90069 (2010},
Nagashima, S. ef al. J Gen Virol 92, 269-278 (2011}, Yamada, K. ef al. J Gen Virol 90, 1880-
1891 (2009); Kenney, 8. P, et al. Iirclogy 486, 198-208 (2015); Nagashima, 8. ef al. J Gen
Virod 92, 2838-2848 (2011); Surpit, M, et al. J Bio/ Chem 281, 8135-8142 (2006)), did not
diminish ion channel activity. Of note, none of these mutants, including ORF3{CCCT1-
13AAAL and ORF3[IFISO-61AAA], displaved vastly different subcellular localization as
compared to wild-type ORE3 (FIG. 4B and FIG. 7B). Thus, residues 11-13 and 59-61 likely
reside within regions important for ORF3’s ion channel function.

{00110]  Altogether, the data shown herein demonstrate that ORF3’s 1on channel activity is
important for particle release, which is an additional, distinct function from the previously
described, essential interactions of HEV ORF3 with components of the ESCRT pathway.
{80111] Testing known ton channel inhibitors for activity against HEYV ORF3

{00112] Using the transcomplementation platform described herein, it was demonstrated
that HEY ORF3 exhibits ton channel activity (see hereinabove and Ding ef of, PNAS 114(5),
1147-1152 (2017}, the contents of which are incorporated herein by reference in their
entirety. It was shown that ORF3’s viroporin function can be substituted in trans with other
class la viroporins, specifically the influenza A virus (IAV) M2 protein. Using the
transcomplementation platform, ORF3 from different HEV genotypes {(gis) known to infect
humans {gts 1, 2, 3, or 4} was delivered in trans with ORF1 and ORF2 from gt 3.
Interestingly, HEV particle release 1s equivalent when the genotype of ORF3 1s mismatched
with ORF1/2 (FIG. 11). These data collectively show that OR¥F3 operates in a viral genotype-
independent fashion.

{00113]  Known ion channel inhibitors were tested for anti-viral activity against HEV using
the transcomplementation platform (FIGS. 12A-12C). Of the known inhibitors tested, none
significantly inhibited viral particle release, suggesting that HEV ORF3-specific targets are

likely needed to interfere efficiently with viral egress (FIGS. 13A-13C).
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{601314] The teachings of all patents, published applications and references ciied herein are
incorporated by reference in their entirety.

{00115] While this invention has been particularly shown and described with references to
exarmple embodiments thereof, it will be understood by those skilled in the art that various
changes 1n form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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CLAIMS
What is claimed is:
1. A method of inhibiting hepatitis E virus (HEV) release from a cell that is infected

with an HEV, comprising contacting the cell with an agent that inhibits one or more activities
of HEV open reading frame 3 (ORF3) protein, wherein the one or more ORF3 activities are

selected from ion channel activity, multimerization activity, or viroporin activity.
2. The method of claim 1, wherein the agent is a small molecule.
3. The method of claim 1 or 2, wherein the agent binds to HEV ORF3 protein.

4. The method of any one of the preceding claims, wherein the HEV ORF3 protein
comprises the sequence set forth in SEQ ID NO: 1.

5. The method of claim 4, wherein the agent binds to any one or more regions of ORF3
protein comprising SEQ ID NO: 1 at amino acid positions 11-13, 29-40, 59-61, 71-73, 80-85,
86-89, or 95-98 of SEQ ID NO: 1.

6. The method of claims 1-3, wherein the HEV ORF3 protein comprises the sequence
set forth in any one of SEQ ID NOs: 2-4.

7. The method of any one of the preceding claims, wherein the agent binds to a channel-

forming region of ORF3 protein.

8. The method of any one of the preceding claims, wherein the agent inhibits ORF3

protein ion channel activity.

0. The method of claim 8, wherein the agent binds to a region of ORF3 protein
comprising SEQ ID NO: 1 at amino acid positions 11-13 or 59-61 of SEQ ID NO: 1, or both.

10. The method of any one of the preceding claims, wherein the cell is a hepatocyte.

11.  The method of any one of the preceding claims, wherein the cell is a gastrointestinal

cell.
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12. A method of treating a hepatitis E virus (HEV) infection in a subject in need thereof,
comprising administering to the subject an effective amount of an agent that inhibits one or
more activities of HEV open reading frame 3 (ORF3) protein, wherein the one or more
activities are selected from ion channel activity, multimerization activity, or viroporin

activity.
13. The method claim 12, wherein the agent is a small molecule.
14.  The method of claim 12 or 13, wherein the agent binds to HEV ORF3 protein.

15. The method of any one of claims 12-14, wherein the HEV ORF3 protein comprises
the sequence set forth in SEQ ID NO: 1.

16.  The method of claim 15, wherein the agent binds to any one or more regions of ORF3
protein comprising amino acid positions 11-13, 29-40, 59-61, 71-73, 80-85, 86-89, or 95-98
of SEQ ID NO: 1.

17. The method of any one of claims 12-14, wherein the HEV ORF3 protein comprises
the sequence set forth in any one of SEQ ID NOs: 2-4.

18.  The method of any one of claims 12-17, wherein the agent binds to a channel-forming

region of ORF3 protein.

19. The method of any one of claims 12-18, wherein the agent inhibits ORF3 protein ion

channel activity.

20.  The method of claim 19, wherein the agent binds to a region of ORF3 protein
comprising SEQ ID NO: 1 at amino acid positions 11-13 or 59-61, or both.

21. The method of any one of claims 12-20, wherein the subject is a pregnant female.
22. The method of any one of claims 12-21, wherein the subject is immunocompromised.
23. The method of claim 22, wherein the immunocompromised subject is a subject who

has undergone an organ transplant or a subject infected with human immunodeficiency virus

(HIV), or both.
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24, The method of any one of claims 12-23, further comprising administering an effective

amount of interferon or ribavirin, or both, to the subject.
25. A method of identifying an agent that inhibits hepatitis E virus (HEV) infectivity,
comprising:

a) introducing into a cell culture 1) a nucleic acid that comprises an HEV open
reading frame 2 (ORF2) nucleotide sequence, 2) a nucleic acid that comprises an HEV ORF3
nucleotide sequence, and 3) a nucleic acid that i) comprises a reporter gene and an HEV

ORF1 nucleotide sequence and i1) lacks HEV ORF2 and ORF3 nucleotide sequences;

b) contacting the cell culture in step a) with an agent to be tested for anti-HEV

activity;

¢) harvesting the cell culture media from the cell culture that has been contacted with

the agent;
d) combining the harvested media with a naive cell culture;
e) measuring a level of activity of the reporter gene in the naive cell culture; and

f) comparing the level of reporter activity in the naive cell culture measured in step e)

to a reference activity level,

wherein a decrease in measured activity level as compared to the reference activity level

indicates that the agent inhibits HEV infectivity.
26. The method of claim 25, wherein the agent is a small molecule.

27. The method of claim 25 or 26, wherein ORF2 and ORF3 are introduced into the cells

in the cell culture on a single vector.

28. The method of claims 25 or 26, wherein ORF2 and ORF3 are introduced into the cells

in the cell culture on separate vectors.

29. The method of any one of claims 25-28, wherein the nucleic acid that 1) comprises

ORF1 and a reporter gene and i1) lacks ORF2 and ORF3 is introduced as an RNA molecule.

30.  The method of any one of claims 25-29, wherein the reporter encodes a luciferase

enzyme.
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31.  The method of any one of claims 25-30, wherein the cell culture introduced with

nucleic acid comprises or is derived from a hepatocyte.

32.  The method of any one of claims 25-31, wherein the naive cell culture comprises or is

derived from a hepatocyte.

33.  The method of any one of claims 25-32, wherein the reference activity level is
obtained from a naive cell culture that has been infected with HEV particles harvested from

cells that were not contacted with the agent to be tested for anti-HEV activity.

34. The method of any one of claims 25-33, wherein the agent inhibits HEV release from

a cell, HEV replication, or HEV assembly, or a combination thereof.

35. The method of any one of claims 25-34, wherein the agent inhibits ORF1 protein

activity, ORF2 protein activity, or ORF3 protein activity, or a combination thereof.

36. The method of any one of claims 25-35, wherein the agent inhibits ORF3 protein

activity.

37. The method of any one of claims 25-36, wherein the agent binds to any one or more
regions of ORF3 protein comprising SEQ ID NO: 1 at amino acid positions 11-13, 29-40, 59-
61, 71-73, 80-85, 86-89, or 95-98 of SEQ ID NO: 1.
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an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-24, 36, 37(completely); 25-35(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2017/ 052769

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-24, 36, 37(completely); 25-35(partially)

A method of inhibiting hepatitis E virus (HEV) release from
a cell that is infected with an HEV or a method of treating
a hepatitis E virus (HEV) infection in a subject in need
thereof, comprising contacting the cell with/ administering
to the subject an agent that inhibits one or more activities
of HEV open reading frame 3 (ORF3) protein, wherein the one
or more ORF3 activities are selected from ion channel
activity, multimerization activity, or viroporin activity
and a method of identifying an agent that inhibits ORF3
protein activity and inhibits hepatitis E virus (HEV)
infectivity.

2. claims: 25-35(partially)

A method of identifying an agent that inhibits ORF1l protein
activity and inhibits hepatitis E virus (HEV) infectivity.

3. claims: 25-35(partially)

A method of identifying an agent that inhibits ORF2 protein
activity and inhibits hepatitis E virus (HEV) infectivity.
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