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{57) Abstract: The invention provides a method for producing a hepadnavirus. .virion that is infectious in vitro. which comprises:

<. (a) introducing into a cell (i) a hepadnavirus genome expression vector and (ii) a foamy retrovirus . envelope expression vector

~which comprises a nucleic acid encoding at least a fragment of a foamy virus envelope protein, and (b) culturing the cell thereby

producing hepadnavirus virions comprising at least a fragment of a foamy virus envelope protein, wherein the hepadnavirus virions

are infectious in vitro. A method for determining susceptibility for an anti- hepadnavirus drug, a method for determining replication

3 capacity of a hepadnavirus from an infected patient, and method for identifying a mutation in a hepadnavirus nucleic acid that confers
resistance {o an anti-hepadnavirus drug are also provided. ‘




Application No. 60/299,906, filed June 21, 2001, the contents of which are
i ncorporated herein by reference 10 Throughout this appli catiescambea2ldisus
publications are referenced by author and date within the text- Ful
citations for these publications may be found listed alphabetically at the
end of thavepeeivkizcati on i mrediately preceding the clai mBCTVASI2Za¥%nt s,
patent applications and 15 publications cited herein, whether supra or
infra, are hereby incorporated by reference in their entirety. The

di scl osures of these publications in their entireties are hereb
i ncor por at e PRSDURPEGN (D TN NAVIBHS] BABTACRES oCONH ly
descri be t hgostet gETROVEBUS 1ET. QP ) AN (MBSO o ST3 HE of

the date of the invention aescr{béd ah@amm dined heréin. Back round of the
| nvent son HBV replication 25 Hepatitis B virus (HBV) particles can be

pr oduced the . transient expression,of | ecul.ar ¢lo of I =l h
HBV DNA Bﬁrfﬁirﬁﬁg}%ﬁﬁ%ﬁQQAM B ur-ES a%pnfgégraF%he%g§0naP%§kﬁSH?g%gs.
Vi rus par timglles:apricduden. i fCA20% Jemnefikedefiie 2he 300%nf BBEi 608 LEREFONS

(Dane partaﬁlvﬁ@cd}pfax@\iﬂd&fl%tx%@edi pdi-wi dual,s-apd-thekr infectivity has
been denonstfated in chinpanzees. Unfortunately, HBV particles produced in
such in vi-tro cell systens do not productively infect hepatic cell |ines

mai nt aonedrivbugidur (e t@hisHep&@ptebhs)onThi svdrivtst i gni85 degs omest r iegeed

SUBSTI TUTE SPEr (L E 20y 5 Blcehier 008 W 03/B004T2 ReR Uso2! 19858
Similarly,citeciomdl i Gy t shiestequbldiapdtionsst @M P t FuRd  padeiteres
gener at ed Wit tBM £ £81,5t aRCehELSneChOr $HeS BPecification immediately
preceding the <laims. A1l patents, patent applications and
15 publications cited herein, whether supra or infra, are hereby
incorporated by reference in their entirety. The disclosures
of these publications in their entireties are hereby
incorpbrated by reference into this application in order to
more fully describe the state of the art as known to those
20 skilled therein as of the date of the invention described and

claimed herein.

Background of 1_:he Invention

HBV replication

25
Hepatitis B wvirus (HBV) particles can be produced by the
transient expression of molecular clones of full-length HEV
DNA in primary hepatocyte' cultures and several hepatoma cell
lines. Virus particles produced in this manner resemble the
30 infectious  virions (Dane  particles) of  HBV-infected

individuals and their infectivity has been demonstrated in
chimpanzees. Unfortunately, HBV .particles produced in such in
vitro cell systems do not productively infect hepatic cell
lines maintained in vitro (e.g. HepG2 cells). This limitation
35 has restricted the study of HBV replication and t;he

development of antiviral drugs.
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obstacle in the devel opnent of a two cell drug susceptibility assay for
HBV as descrjbed in U S. Patent No. 6,242,187. This 5 bl ock Dezemb&e20050n is
not understood and may reflect the absence of functional HBV receptors on
the surface of available hepatic cell lines, although data supporting

ot her poswiohlzeo®xpl anati ons have been presented The HBV rcEpRongsy has
yet not been identified. 10 What is desired, therefore, are neans and

met hods to_produc hepadpavi . partic|es capabl e of infecting hepat]

cell |i nesSf%fﬁngneB}?‘? nl’%?kfi’gflt\e%alfoi gﬁ’%to %aegqertedjoasrr!:e T ialn% “élﬁcg‘ e
net hods t ooprodates hepadnavieduswyian t EEiVesrehigtrrcan besbsedkeerud ¢onduct
drug S“.Scec%étlfoééiéyiﬁf‘ghéeﬁﬁ%ﬁegﬁ LESHENG, T @le1 il 1dARP Ss@SSAYSip AN,
genotypi ¢ analysi s using a host 'ng target cell, 1.e. atw cell 1n.vitro
system Sune@enf LPHeHPNveft PeRcZo AL drdithd -y Batans AP ol o142 of8 t-hefhis ,
i nvent ison pooprovigle iareaetihad for ddie phaduetbod aindieprgnaveflscpardhel es
capabl e of _infecting_hepatigc.cell I mai ntained in vitro. 2 urt her
obj ect of ?}Iﬂ%e’ilﬁ%engifonepgcgﬁoﬁ?%vi %‘%%3 et hod of  usi né:hlenf esc}%fgéu%e d
hepadnavi rasaphablel dspebicomtidt Himgs. sasthprdhi PrEy avbpasdiigtamtdiex

testing “5%29 ébiwegghgnag%ﬁy nAjat BeknohieGlenebgt Red nuant 1efepsodt Os)
provi de a tﬁod of 0 using i nfectjous' hepadnavirus particles to conduct
in vitro i@y BBECRPEI BRFT ti M T e st ance testing wherein a detectabl e

signalig s produced to neasure infectivity. A further object of the
ovention il 0Rr M AG IS MDA UG, 22 SHIERP! L] kxRl e sl anee,
testing as descri b(_ac?a ov€ using the infectious hepadnavirus particles
conpri si nghePSUBSTI TUTEPSHERTL ¢ RUEER 28} & 9o Detohidrelr 130 0522 pht | et L detised
segnent. mpgintained in vitro. What is also desired are means and
methods to produce hepadnavirus particles which can be used to
15 conduct drug susceptibility and resistance testing, viral
fitness assays, and genotypic analysis using a host and target

cell, i.e. a two cell in vitro system.
Summary of the Invention

Accordingly it is an object of the invention to provide a
method for the production of hepadnavirus particles

capable of infecting hepatic cell lines maintained in vitroi

25 A further object of the invention is to provide a method of
" using infectious hepadnavirus particles to conduct drug

susceptibility -and resistance testing using a two cell system.

Another object of the invention is to provide a method of
30 wusing infectious  hepadnavirus particles to conduct  in
vitro drug susceptibility and resistance testing wherein a

detectable signal is produced to measure infectivityf

A further object of the invention is to provide in vitro drug
35 susceptibility and resistance testing as described above

using the infectious hepadnavirus particles comprising

2
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A further object of the invention is to provide an in vitro nmethod of

usi ng i nfectious hepadnavirus particles to determ ne repl Odaicembec2qiaci ty
for patient's hepadnavirus. Yet another object of the invention is to
provide a mnmethod of identifying a mutation in a hepadnavirus which
confers resistance to a conpound which inhibits hepadnavirus replication.
These and ot her objects may be achieved by the present invention by:

producing a hepadiaMichdSq¥i{+N Lhghedss, infectious in vitro which
conprises: (a) introducing into a "cell (i) a hepadnavirus genome
expression vector and (ii) a foany retrovirus envel ope expression vector

whi ch conprises auntiodrei éhpeitd EMced npnwdintlieasti sa do agreentdeofana imoany

i | i d Ltur |l dugl
repsocn cuc”: FRE BT LA R LI el REEbY Bt

hepadnavi rus virions conprisin
envel ope protei ¥ dfifér@inet he hepelhAtias vEaRpPIHSvar €oirnf BeEi oS Si n
vitro. In anot hedpampeetus he present invention provides a hepadnavirus
virion that is infectious in vitro which conprises at |east a fragnent of
a foany retrovirus envelope protein. In another aspect the present

i nvention providgés angdlelr domuti sohg theke hepadnavi riss vor ipapvdéscrl bed
herein. In anothen,aspeciadiie ffi63eat nhpyed o, i Q"Yép%?éa@‘ PBt hod of or

determ ning susceptibility for "an anti-hepadnavi rus ﬁh[ch_qonprises:
(a) introduci nFoPHEES a FEPSETaRA | : FP) . & hePABRFAAY usv nmelBx%HtiesSsi on
vector; (ii) ahipfdiecerdereg0doatiel.eic acid encoding at | east a fragnent
of a foany retrovirus envel ope protein, and (iii) an indicator nucleic
acid; (b) culturing the first cell fromstep (a) so as to produce
hepadnavi rus vilhesasandcptheghni fbigctishanay be achieved by the present

invention by: producing a hepadnavirus virion that is
infectious in vitro which comprises: (a)introducing into a
‘cell (i) a hepadnavirus genome expression vector and (ii)
a foamy retrovirus envelope expression vector which
comprises a nucleic acid encoding at least a fragment of
a foamy virus'envelope protein, and (b} culturing the
cell thereby producing hepadnavirus virions comprising at
least a fragment of a foamy wvirus envelope prbtein,

wherein the hepadnavirus virions are infectious in vitro.

In ancther aspect the present invention provides a
hepadnavirus virion that is infectious in vitro which
comprises at least a fragment of a foamy retrovirus

envelope protein.

In another aspect the present invention provides a cell

comprising the hepadnavirus virion described herein.

In ancther aspect the present invention provides a method
for determining susceptibility for an anti-hepadnavirus
drug which comprises: (a) introducing inte a first

cell: (i) .a hepadnavirus genome expression vector; ({(ii) a



hepadnavirus virions produced in step (b) with a second cell, wherein the
anti - hepadnavirus drug is present with the first cell or OReceabendit®l |,
or with the first and second cell, (d) neasuring the amobunt of detectable
signal produced by the indicator nucleic acid in the second cell, wherein
t he anmount of detectable signal produced is dependent upon hepadnavirus
virion infecti onuclefict heisiecontbddealyl ;atanteds) eompagnagtt be anofddmyof

s gnal - measur ed, Ju}o54 8ps (Ao bRt g amunt shgnal l;gasaweqnwc;@oer absence

of the drug, wherein decrease” int arfount ~of asured 1'n the
presence of th@ucdﬁag PR#fCats SUSEEHRIbIRE t {1 tded LdFugmanemherlei n no
change in signalo neasws e@r&fuc@n HePGHRAS BN &ﬁao@@fpunb) Ofadmﬁkﬂﬁfiltﬂgaasur ed

in the presenc of the ruglndlcates |stan the,dru I n
anot her  aspect THEBFELEN THISHE G oBPEETdes AtohetRbd i Gl HePerihi ng
replication capaadﬂt,y wherain h‘elp@datraw—mesaﬁn@w'uans idrugctied ppasemintwith

conprising: (a)tnd rftlrrgguewg NG A felcbal €811, 4 widnheRadRaviy ug, genome
expression vector; (ii) a nucleic acid encoding at |east a-fragment of a

foany retrovir REERTel Bpktpr dfdi e ing i F)e afmeHAE catfor dﬁﬁ&%"l‘kbleam d;
(b) culturing thigneael Iprd‘du@ﬁu(agy Sthas ihaipaoshicanbbpadnayid usnvitieoons; (c)

adm xi ng the h Vi Vi ced in.ste b vmthasec nd cell,
(d) measuring %g%gﬁou%ﬁ ‘H&g ag % sa?“ﬁHS prfgdgc)é%c%abltehe |%dﬁcator
nucleic acid |m0@ﬁée§eéén682@mdent\/\m@| mephenaypomst wWiriget éafedtion sj gnal

produced is depandent WReBnAECRRANAVIJAS Yiyi QBm hf‘iﬁj:t k98 ofmotihe sgcond
cell; (e) normalizi Eg t he asurenent of ste tglp and (Cﬁl) conpari ng t he
EBS \AHREheS

normal i zed 3a & REENDBTASEGS nbAs i ERent b
si gnal measur echeasheadstiepshé arbsdrwa@uglt (the afmigsamheedinud m:theasecont r ol

in the amount of signal measured in the presence of the
drug indicates susceptibility to the drug and wherein no
change in signal measured or an increase in the amount of
signal measured in the presence of the drug indicates

resistance to the drug.

In yet another aspect the present invention provides a
method for determining replication <capacity of a
hepadnavirus from an infected patient comprising: (a)
introducing into a first cell: (i) a hepadnavirus genome
exXpression wvector; (1i}) a nucleic acid encoding at least
a  fragment of a foamy retrovirus envelope protein, and
(iii) an indicator nucleic acid; (b) culturing the cell
from ({(a) so as to produce hepadnavirus wvirions; (c)
admixing the hepadnavirus wvirions produced in step (b)
with a second cell, {d} measuring the amount of
detectable signal produced by the indicator nucleic acid
in the second cell, wherein the amount of detectable
signal produced is dependent upon hepadnavirus wvirion
infection of the second cell; (e} normalizing the

measurement of step {(d):; and (f) comparing the normalized

3a



ref erence hepadnavirus, wherein an increase in signal conpared to the
control indicates an increased replication capacity and agdesseetee2006
signal nmeasured conpared to the control indicates a decreased replication
capacity of the hepadnavirus fromthe infected patient. In yet another
aspect the present invention provides a nethod for determ ning
susceptibility for an anti - hepadnavirus drug which conprises: (a)

introducing into a _cell.: ) he dnaV|ru enome  expres ion vect or; (i)
B) g8 epac cLp

easurement with a o
a nucleic acid &ncoding at | east rAgHEnt of15 Samy 9 F et FORT

envel ope pr ot eivherapdeppi (3) mmndhca@brarmur@lrélleda@mw with) acabltltﬂrqlng t he

cell fromstep ffhsrehd HRALAGH NG t hgn&Rldn Wahh the.anti -shepadnawi rus
drug; (d) nmeasuring the anDunt of detectabl e signal pr oduced b%?the

i ndi cat or nucl eTEREEFH i nt% he tB8I | ;SEd°fe) Fhig t?&a ARBERRSSE si gnal
measured in st epeEpldcanidh bhﬁa@mnunMKisagmabraeasutﬂdsngnahemabsemﬂﬂ of the

drug, wherein 2.cifeGeaass Ll (:2g0ula 0l sl0nab IBasLedLD; Lhie: i esence

of the drug indicates suscepti ity tot and erefn " no change in
si gnal measur edaRCARYi ‘?\%r%éepﬁdn%‘ﬁéuérréﬁ?ﬁl 1’6?6 sngparedreadderl-in the
presence of the drug indicates resistance to the drug. In a further aspect

the present inventiaon ides a nethod for identifying a nutation in a
hepadnavi r us | ¥t e g 1'é“etrha‘ﬁSp(‘?(‘fﬁf &rs rpésesﬂlﬁn&é‘v?% af?'l"fci"’l%f‘?épe‘{:’dnaw rus
drug whi ch conpratded: €ay séguandiniggt heusbepaidddvicyusfouc!| & c actiid pri or

t f th b f th
0 use o e arﬂetﬂadnggpﬁg{'%@ugu?h?&l&'gcorzélﬁ)léﬁaslfjgj nﬂlﬁ%ﬁ@@ﬁé Jhlhj_c} ¥ O e

hepadnavi rus sequenced i n ep g accor

described her eiF8L1¢ c) &k pdshIRFPREL TR pERIEV ,eggr@%sntqqaevg,cg@r otk tao
produce a decraasgeif ddi@ siseaphybiaki tyenft the rhepasitavbrus toodrie drug
3b 9 Decenber 2% rovirus envelope ©protein, and (iii} an indicator
nucleic acid; (b) culturing the cell from step (a); {c)
contacting the cell with the anti-hepadnavirus drug; {d)
measuring the amount of detectable signal produced by the
indicator nucleic acid in the cell; and (e) comparing the
amount of signal measured in step {d) with the amount
signal measured in the absence of the drug, wherein a
decrease in the amount of signal measured in the presence
of the drug indicates susceptibility to the drug and
wherein no change in signal measured or an increase in
the amount of signal-measured in the presence of the drug

indicates resistance to the drug.

In a further aspect the present invention provides a
method for identifying a mutation in a hepadnavirus
nucleic acid that confers resistance to an anti-
hepadnavirus drug which comprises: (a) sequencing the
hepadnavirus nucleic acid prior to use of the anti-
hepadnavirus drug; (b) measuring susceptibility of the
hepadnavirus sequenced in step (a) to the drug according
to the method described hereiﬁ; (c}exposing the
hepadnavirus to the drug so as to produce a decrease in

the susceptibility of the hepadnavirus to the drug

3b




measured in step (b); (d) comparing the sequence determined in step (a)
with the sequence of the hepadnavirus follow ng the expos@redembeh200dr ug
of step (c) so as to identify a mutation in the hepadnavirus nucleic acid
that confers resistance to the anti- hepadnavirus drug. Brief Description
of the Drawi ngs Figure 1- HBV Indicator Gene Viral Vector Figure 2- HBV
Resi stance Test Vector Figure 3- Organization of HBV and HFV Envel ope
Prot ei ns Detai l ription t | nvention This_invention provides: a
nmet hod for pr o&ﬁ%s%%g Eépa ﬁg irgg)i/i ri?%)n that i s Pnf gg?i oS TTA Vitro
whi ch 9 Decenbetetza0sngd 037 009872 PG USOEh1o%Re eceapeices:of a)the
i ntroduci ng i ntiepadeablrid ) S NRRAGNAYE! WSpoIERONE, EXM egsiProvestqyy and
(ii) a foamy 5, retrovirus. enyel ope expression vectog1 ich conprises a
nucl ei ¢ acid entddi iy AF |Cast P FrdgnentUbE T ol EhGi ?ﬁ?a@ﬁ% Be
protein; and (budelituraopdt heharl lcdnfereby rpsiochanicag hepadhavi antsi- 10
virions conmpri i@kl astyRgf ragnent of a foany virus envel ope protein,
wherein the hepadnavirus virions are infectious in vitro. A further
enbodi ment, the invention provides the above 15 nethod wherein the
hepadnavi rus gerane Pxrdpsion yeaiher Dkagksgsa nucl ei ¢ acid encoding a
hepadnavi rus envel ope protein. A further enbodinent, the invention
provi des the above 20 nethod, wherein the hepadnavirus genone expression
vect or conpri sesigatre| fastBwneddeaccd rGameavhephdavbrus genone sel ected
fromthe group consisting of. a wood chuck hepatitis virus (WHV) genone, a
ground squirrel hepatitis

Figure 2- HBV Resistance Test Vector

Figure 3- Organization of HBV and HFV Envelope Proteins

Detailed Description of the Invention

This invention provides: a method for producing a

hepadnavirus virion that is infectious in vitro which

3c



(GSHV) virus genone, a duck hepatitis B virus (DHBV) 25 genone, a snow
goose hepatitis virus (SGHV) genone, and a human hepatiti 9 Bcembers200iEBY)
genone.’ A further enbodi nent, the invention provides the above nethod,
wherei n the hepadnavirus genone expression vector 30 conprises a gene from
a human hep& GB3P®’B virus (HBV) genonme. A further enbodi mBMiT/USIN&%RNvent i on
provi des the above nethod, wherein the hepadnavirus genone expression

vect or furgg[e%rlg@gpri ses an exogenous regul atory elenment. 35 A further
enbodi nment e invention provides the above nmethod, O SUBSTI TUTE SHEET
(RULE 26) 9 Decenber 2005 WO 03/000872 PCT/ USQ2/ 19929 wherein the exogenous
regul atory el emesmt | &mtﬂmﬂrmingcyt onegal avi rgsii. mregi at exearhdp ARG i rus

pr onot er / enhanc A further odi nent i.nvention provides
t he above met ho@Esn (%Nr ein IflheS‘%‘:’“Oaﬁlrry re??gbfr us Bhbel ogél éxpr e¥si or SAEEf or

conpri $es at | e?a%ftrﬁav-‘rlrla%;rreﬁm\f@?‘rome gefrfvepﬁa’mcarl f ceton r umlcgem@:&edeett ed |

fromthe group £onsksting Lfig aer%c;@:ﬂag; %@vleggw% (éF\@me&?@Oé}'P’ 2 ﬁ‘oecin}
foamy virus (FF L(Izjenoma a 10 bovi ne oarry Vi rus \3 genonme, a sea |7 on

foanmy virus (SLF S JEROTES P Hathsster 3FGany  vi rus (HaFV) genome, and a

human foany vi rus (HFV) genone. A further enbodi nent, the invention

provi des the ab er t ncodes. an envel ope protern
or af ragrrent er eofﬂq%lfn&lt ﬁ}é}? %)i(;ldl %%ﬁ%%@&he Fﬂ%%n%n%neherpoﬁrp as t'e
above 1%met hod, VWekth ERBPFHEHRYIr afr d¢RFtS aerﬁﬂe?lqiﬁjeltex@f egsrf@nmzo Wigntr

conpri ses a ger@ﬁl@éreeeseahngf whdeng, f ERE andpumhviieaY v YT Yss (HRY

genone. A furt her odi ment , he i nvention provides the above
ious in 'vitro.

A further embodiment, the invention provides the above

15 method wherein the hepadnavirus genome expression vector
‘lacks a nucleic acid encoding a hepadnavirus envelope
protein.

A further embodiment, the invention provides the above
20 method, wherein the hepadnavirus genome expression vector
comprises abt least one gene from a hepadnavirus genome
selected from the group consisting of: a wood chuck
hepatitis wvirus (WHV) gencme, a ground squirrel hepatitis
(GSHV) wvirus genome, a duck hepatitie B wvirus (DHBV)
25 _ genome, a show goose hepatitis virus (SGHV) genome, and a

human hepatitis B virus (HBV) genome.

A further embodiment, the invention provides the above
method, wherein the hepadnavirus genome expression vector

30  comprises a gene from a human hepatitis B virus (HBV) genome.

A further embodiment, the invention provides the above method,
wherein the hepadnavirus genome expression vector further
comprises an exogenous requlatory element.

35 .

2 further embodiment, the invention provides the above method,

L]
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met hod, wherein the gene or the fragnent of the gene froma 25 human foany
virus (HFV) genone encodes the gpl30env envel ope gene pr o8uHceniben2005
fragnent thereof. A further enbodi nent, the invention provides the above
nmet hod, wherein the cell is a mammalian cell. 30 A further enbodi nent, the
i nventi on proowsidess2zt he above nethod, wherein the cell is mim/ayamzeel . A
further enbodinent, the invention provides the above 35 nethod, wherein

t he avi an Ll._ayia pacyte. 11 - SUBSTI TUTE SHEET (RULE 26) 9 Decenber
2005 WO 03%8‘8%53 P%‘&O%@&?@uﬁ f urTher™ ettbodi ﬁf“f(enghe Thvefft i on™"a"
provi des tR¥tapgvalomdrnad, inwtisite toe tyangahe apweldt &g eabameer céfMV- A
further enbedinment, the invention provides the above 5 nethod, wherein the
human cell is a human enbryonic kidney cell. A further enbodi nent, the

i nvention provides the above nethod, wherein the mammualian cell is a 293
cell. 19 AAf siutrhéreresbbdidnerht , t hbei hueatidonppovirfléss t hiec aboves nethod,

wher ei n thgy, cehl. | 1m$@ﬁ@(3 ur [ he
i nvention pr%ggggs ? & agg%gﬁpggﬂ%et od, mhé%%%%kﬁﬁgIﬁﬁﬁ%ﬁ%%gg?ogggég i's
an Hep&2 cEPMPEESER Huh¥erel| & IFragwstieroenBodafent fremea; AR OviTus
provi des agehepadnamiddted/i fieh that ghuphfestidousidd yitre Wiinth 28camy

conpri ses at_leas% Lra nment of _a retrovirus envehgﬂé rotein. In

anot her engéafﬁen ?ﬁY e .ﬁﬁgﬁ?ioﬁ bé%ggyes%%amﬁépgﬁﬁ%%ir irESHOWﬁere?n

t he hepadnhevins ¥ppringnviizus23BF¥b| aeedne, a sea lion foamy virus (SLFV)
genome, a hampster foamy virus (HaFV}) genome, and a human

foamy virus (HFV) genocome.

A further embodiment, the invention provides the above method,
15 wherein the gene encodes an envelope protein or a fragment

thereof .

A further embodiment, the invention provides the above
method, wherein the foamy retrovirus envelope expression
20 vector cowprises a gene or a fragment of a gene from a human

foamy virus (HFV) genome.

A  further embodiment, the invention provides the above
method, wherein the gene or the fragment of the gene from a
25 human foamy virus (HFV) genome encodes the gpl3lenv envelope

gene product or a fragment therect.

A further ewmbodiment, ‘the invention provides the above
method, wherein the cell is a mammalian cell.

30
A further embodiment, the invention provides the above

method, wherein the cell is an avian cell.

A further embodiwment, the invention provides the above

35 method, wherein the avian cell avian hepacyte.
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I n anot her enbodi nent, the invention provides a hepadnavirus

virion

wherein the foany retrovirus is selected fromthe group cOmBacetibeg2@ls a

siman foany virus (SFV), a feline foany virus 30 (FFV), a bovi
virus (BFV), a sea lion foanmy virus (SLFV), a hanpster foany

ne foany
virus (HaFV),

and a humawofogesmg7vi rus (HFV). | n another enbodi ment, thedrmsentiozn

provides a hepadnaV|rus 35 virion wherein the hepadnaV|rus Vi

epht | 11 5. X SURTRUTE R EROLE 261 "4 O 03500T 187579 BEtEhher

rion

d 6%£ﬂ) a

PCT/ US02/ 1@@@9@@ wlrarss ianvdicopepredtieinn cddimils andufin) calteamy virus

envel ope proteln domai n. In anot her enbodi nent, the invention

hepadnavi r us Vi rion rein the he adnaV|rus virion fu ther
nucl ei ¢ actd #%ﬁﬁ@ﬁ%xi SRALTLThj ect TPAf et PEANDIOR  PEPEIER e
anot het enhedharent wheheinnvért | bampnowiedds Bs hepadnean r asbr¥dn
wherein the pucleic acid isolated fromthe subject infected b
hepadnaV|rus encodes a reverse transcriptase. In another enbod
invention provides a hepadnavirus virion wherein the hepadnav

provides a
conprises a
er ove

vcrlkmﬂney
y

i ment, the
irus 15

furtherconprigsesciat i ngiveatianycl ei enaci dnvkAt apot woﬁd&wi ren , ddere

t | | th d :
anot hor erBUH et T R EFBROr oM 453 o Leer 2 °ConBtPe ng

hepadd&virus virion, wherein the ceII is a 10 nannallan cel

20 In
t he
I n anot her

enbodi ments the imyentd.gpprRtdes aggel | m@énE?HR“ﬁf@@uﬁé@ hepadnayjJais

virion, wherein the mammalian céll is._a 293 cell. |I'n another

enbodlnent

t he |nventm%ﬁp?ﬁ(nWQﬁgg%Q(ggq human cell is a human hepatoma cell

A  further  embodiment, the invention provides the above

15 method, wherein the human hepatoma cell is an HepG2 cell or an

Huh7 cell.
In another embodiment, the invention provides a
hepadnavirus virion that is infectious in wvitro which

20 comprises at least a fragment of a foamy retrovirus envelope

protein.
In another embodiment , the invention provides a
hepadnavirus virion wherein the hepadnavirus virion is

25 isolated.

In another embodiment, the invention provides a hepadnavirus -

virion wherein the foamy retrovirus is selected from

the group

consisting of: a siman foamy virus (SFV), a feline foamy virus
30 (FFV), a bovine foamy virus (BFV), a sea lion foamy virus
(SLFV), a hampster foamy virus (HaFV), and a human foamy virus

(HFV) .

In another embodiment, the invention provides a hepadnavirus

35 virion wherein the hepadnavirus virion comprises a chimeric

envelope protein which consists essentially of (i} a

6
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human cell. 35 In another enbodi ment, the invention provi d8@Peaembéd 2005
conprising the hepadnavirus virion, wherein the human cell is a hunan

ki dney cell. In another enbodi nent, the invention provides a cell.

SUBSTI TUTEBxBHERIis(RULE 26) 9 Decenber 2005 WO 03/ 000872 PCTTIS02199289029
conprising the hepadnavirus virion, wherein the human cell is a human
hepat oma cgl | ., 1 n anot her enbodiq?nt, t.he anentéon(PipvigeQ%%lnetQ%q f or
5 det ermi ni ng' SUSTept T bi 17HY FOr°an "ant ™" RéPadhdvi r us™dr iy whith 70"
conpri ses: effe}lope roductiy donoia. first cell: (i) a hepadnavirus genone
expression vector; 10 (ii) a nucleic acid encoding at |east a fragnment of
a foany retrovirus envel ope protein, and (iijg an i ndi cator nuckfic,acid;
i 5 (b) cul t4r PRGTERE ﬁW@ﬂd%ﬂﬁqtﬁrEﬁﬁs%%ﬁe%%)I%opﬁgvfgespﬁo&ﬁ§€'naVlruS
hepadnavi rusryofhi enre(ic) adal Xidgpdierihegadnayions funtihens pooduteds i @
step (b) wth a se ce ei n-_the ti . adnawvd rug,,i s

pr esent mﬁ?%c¥%%cfi%§$g%el#£%% %ﬁe gﬁéﬁhd%£e|F§Q ?ggjtggFﬁ%H%F?stggnda
second cel hep2éngdrieasuring the anount of detectable signal produced by
the indicator nucleic acid in the second cell, wherein the amount of

det ect abl e_si gnal roduced i s dependent upon hepadnavirus \virio .
i nfecti on of the cﬁ%oéﬁlqéntdndﬁz%nﬁﬁ?[? bl?rﬁegﬁ%ﬂlé?sofa ST WA ed
in staw (dyidfomi twhetthdranbhet mighalc measdr etedlntdd diysencehef subject

infected by hepadnavirus encodes a reverse Lranscriptase.

In another embodiment, the invention provides a
hepadnavirus virion wherein the hepadnavirus

15 furthercomprises an indicator nucleic acid.

In ancther embodiment, the invention  provides a cell

comprising the hepadnavirus virion.

20 In another embodiment, the invention provides a cell
comprising the hepadnavirus virion, wherein the c¢ell is a 10

mammalian cell.

In another embodiment, the invention provides a cell
25 comprising the hepadnavirus virion, wherein the mammalian cell
is a 293 cell. '

In another embodiment, the invention provides a cell
comprising the hepadnavirus virion, wherein the mammalian

30 cell is a human cell.

In another embodiment, the invention provides a cell
comprising the hepadnavirus virion, wherein the human cell is
a human kidney cell. '

35 ‘

In ancther embodiment, the invention provides a ce_ll
) 3
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the drug, wherein a decrease in the anount of signal neasured in the
presence of the drug indicates susceptibility to the drug9d&rgember 2005 no
change 'in - signal nmeasured or an increase in the amount of 35 signal
measured in the presence of the drug indicates resistance to the drug.
SUBSTI TUTEWSHBEFOZRULE 26) 9 Decenber 2005 WO 03/ 000872 PONMUSM2/1492929 | n
anot her enbodi nent, the invention provides the above nethod for

determ nin bi. L.t he he adnayirus 2NOE expr essi on
vect or of %€§%§€%95P£h_ ¥580 E%?%gggaVlﬁucPélghgglﬁndgﬁ?v %P??gﬁTi§pa%?ent

i nfected SawPPWaHShﬁéﬁéﬁﬁavP?& I n anot her enbodi nent, the invention

provi des the above nethod for deternining susceptibility, wherein the

nucl ei ¢ id derived fr patient infected.with hepadnavirus 10

conpri ses gfl Ieas’fh%lfra 64; r‘mﬁmﬁnﬁﬁﬁﬁtf’f‘l so@"plxaﬁﬁs"(‘ HBA-L§ehel ot n
another5enﬁ@éﬁwmmnlngheusneenubmhlpyoﬁodesnthatabhapadnavhmmb dolig which

det er m ni ngg8 §g§ggibility wherein the gene is an 15 HBV P gene, an HCV C
gene, an HBV e an HBY S gene. |n another enbodi nent, the invention
provi des the ab 92 %Fhﬁéﬂ?b?@!dé@%ﬁ*nﬁtnﬁﬁgﬂs@@éﬁi bility, wherein the

nucleic acid derivedifrom hepadh&nirisf peiete Widr-depadnaydes-,;encodes 20
reverse transcriptase. In another enbodi nent, the invention provides the
above _nethod for determning susceptlblllty, wherein the second cell is a
marmmalt%n cel|. 25 | Atdhokhemncdrbediradt enceeingy evit ilomepr ovi Desndie: abbve

met hod for deternini ggrsyseeptiPblitys e MREIGI Jhssqcondg cell is an
avian cell. 30 In another enbodiment, the invention provides the above

nmet hod
(111i) an indicator nucleic acid;

15 {(b) culturing the first cell from step {(a) so as to
' produce hepadnavirus virions;

() admixing the hepadnavirus virions produced in step
(b) with a second cell, wherein the anti-
20 hepadnavirus drug is present with the first cell or

the second cell, or with the first and second cell,

(d) measuring the amount of detectable signal

produced by the indicator nucleic acid in the.second

25 ‘ cell, wherein the amount of detectable signal
produced is dependent upon hepadnavirus virion

infection of the second cell; and

(e} comparing the amount of signal measured in step (d)

30 ‘with the amount signal measured in the absence of

the drug, wherein a decrease in the amount of signal

measured in the presence of the drug indicates

susceptibility to the drug and wherein no change in

signal measured or an increase in the amount of

35 signal measured in the . presence of the drug
- indicates resistance to the drug.
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for determ ning susceptibility, wherein the avian cell avian hepacyte. In
anot her enbodi nent, the invention provides the above 35 nétDeeedntber 2005
determni ng susceptibility, wherein the mammlian cell is a human cell. O
0 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO O3/ 000872 PCT/ USQ2/ 19929 In
anot her enWodimEmtz the invention provides the above net hedT/uSex19929

determ ni ng susceptibility, , wherein the human cell is a hunman enbryonic

Ki dney celtn 2,L0,8R0LRSE4eRROM! Ufﬂ%uﬁ@%&f&’&'%}&ﬁﬂso“é desdhe ahoyeq
met hod for def erni ni ng susceptibility, \(\?1ere| n the mammalian cell isa 293
cel | . In ah®fhefcérBBARABAL , SLEESPRV-PALILBY  pr ovikrdesdnt héhgbovenasieod rus0

for deter ngahfgeSuseepididi t Yrecter ebn theshuman celib-vhsra cdipminsdiepat ona
cell. In anotlfer errbodidrrenéé t he in¥enti on provij.de the above n?t hod t'qgr
det er mi ni n§UShSEEpt P61 t y IS UWherei nTTRE hdmaP? 15 tepat Bne €&t | Ps & tHep@
cel | or5 anh¢pdngeitusin anot her enbodi nent, the invention provides the
above nethod for determ ning susceptibility, wherein the foany retrovirus
is selected fromthe grou.fop consisting of: a siman 20 foamy virus (SFV), a
feline foafy VARUSPEERFRUBERAIne  foRfy VIS ICBFWroYidas |tih

virus (SLR¥thadhafqast eeteroanynyi rsssddpfADi 106 awherainf ogly \Hudleic
(HFV). In anpother iment, the i nti.on .provj.des the.abqgve 5 _Iret hod
for deter mg%f%g gﬁiggg’%tgi B?Illgfny, gmhg%\é:?inent e lr{lufg dé-‘%g:% aci él o181e taec%la(vejl)ru% )
encoddd a gpU30LATS envkl opéapkot 8i nfrpaugnbt hef embodivment , e tifeént Bon
provi des theahoygvesbed. for determ ning susceptibility, wherein the

nucl eic acid of 30 step (a) (i) encodes a chineric envel ope protein which

In another embodiment, the invention provides the above

method. for determining susceptibility, wherein the gene is an
15 HRV P gene, an HCV C gene, an HBV X gene or an HBV 5 gene.

In another embodiment, the invention provides the above
method for determining susceptibility, wherein the nucleic
acid derived from a patient infected with hepadnavirus encodes

20 reverse transcriptase.

In another embodiment, the invention provides the above
method for determining susceptibility, wherein the second
cell is a mammalian cell. '

25
In another embodiment, the invention provides the above
method for determining . susceptibility,, wherein the second

cell is an avian cell.

30 In another embodiment, the invention provides the above method
for determining susceptibility, wherein the avian cell avian

hepacyte.

In another embodiment, the invention provides the above
35 method - for determining susceptibility, wherein phe‘_
mammalian cell is a human cell.

(L]
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consists 10 essentially of (i) a hepatitis B virus envel ope protein donain
and (ii) a foany virus envel ope protein domai n. | n anot her 9&uaemhberezts t he
i nvention provi des the above nethod 35 for determ ning susceptibility,
wherein the second cell expresses on its surface a protein which binds
human foanwd@/8BSTI TUTE SHEET (RULE 26) 9 Decenber 2005 AD/ (3209872

PCT/ US02/ 19929 virus envel ope protein In a further enbodi nent the

i nvention pfovi : t er i ni replication capacity of
hepadnaviruggfégﬁggﬁrﬁgﬁgﬁgg%%gﬁ gée?eﬂ?v%§nnﬁ% |ﬁ%¥l%ﬁ% q%ﬁfﬁgﬁﬁ%iﬁ§*$ﬁ¥5 a
first cell:t9y) dgtREpadhagi suscgenohe lékpr esshonednctdie; Mot i Fehl nusl ei ¢
acid encodin@nat d@astord  nagymRRt <«afp .a foany retrovirus envel ope protein,
and (iii) an indicator nucleic acid; | 15 (b) culturing the cell from (a)
so as to produce hepadnavirus virions; 20 (c) adm xi ng the hepadnavirus

vi ri ons 5pr otluceagndhest epufdy)ind:itth a Secondivesltion( dpriordsies nghishe agmgnt
of detecta L gnal duce . i.ndi c r lebe.acid in the secaond
cell, mherg#ﬁtﬁéﬁg ang%%tgofggg?%géggpg sig%&%cspgghgggt?é dg%gﬁgéﬁt %%fbn
hepadnavi r f82Wa} 5 iGffldctisom a3t k€1decond cell; 25 (e) normalizing the
measurenent of step (d) ; and (f) conparing the normalized measurenent of

t ith th t signal red when st hr ough 30
car i o0 out i R b e B e el HGTRE FUGT el &P A e Pested n

si gnal 1@onpaeeddebermining susceptibility, wherein the human cell is a

human hepatoma cell.

;

|

;

1

In another embodiment, the invention provides the above %

method for determining susceptibility, wherein the human :

15  hepatoma cell is an HepG2 cell or an Huh7 cell. |

|

In ancother embodiment, the invention provides the above |
method  for determining gsusceptibility, wherein the foamy

retrovirus is selected from the group consisting of: a siman

20  foamy virus (SFV), a feline foamy wvirus (FFV), a bovine
foamy virus (BFV), a sea lion foamy virus (SLFV), a hampster

foamy virus (HaFV), and a human foamy virus (HFV).

In another embodiment, the  invention provides the above
25 method for determining susceptibility, wherein the nucleic
acid of step (a} (i) encodes a gpl30env envelope protein.

In another embodiment, the invention provides the above method
for determining susceptibility, wherein the nucleic acid of
30 step (a) (i) encodes a chimeric envelope protein which -
consists 10 essentially of (i) a hepatitis B virus envelope

protein domain and (il) a foamy virus envelope protein domain.

In another embodiment, the invention provides the above method
35 for determining susceptibility, wherein the second cell |

expresses on its surface a protein which binds human foamy

10
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the control indicates an increased replication capacity and a decrease in
signal neasured conpared to the control - indicates a decr e&daztendet 2GR i on
capacity of the 35 hepadnavirus fromthe infected patient. 11 SUBSTI TUTE
SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 PCT/ US02/ 19929 In a further
enbodi nentwbheeooseventi on provi des a nethod for deternm nipag/usesveptibility
for an anti-hepadnavirus drug which conprises: 5 (a) introducing into a
cell: (i) a, hepadnavjrus genone expression vector; (ii) a nucleic acid
encodi ng at *T#asT"E 178y t9ft- a foany retrovirus envel ope protein, and
10 (¥1i) an indicator nucleic acid; (b) culturing the cell fromstep (a);

15 (c) contacti t ce k e ti.- adnavi ; asuring
t he anDuntE%f%dg§§£?§ﬁ1eéé?§%%ﬁ6%€oagge&ng%ng%g #% |6§%%$ %uggépggaé#’ in
the cel|; 2RV PENT coMPAricrg ithe aapRAMtLf ofi ghalharsdiredvien Srep ()

W th the appoetcsd ghat i deasedged-ididdie absence of the drug, wherein a
decrease in the anobunt of signal neasured in the presence of the drug

i ndi cates susceptibility to the drug and wherein no change in signal
measured or an 28 i noreastuding Hevtanmsuritizet sieddal neasured in the presence

of the drug indicateﬁiyeQQSQ@@%%ﬁé%ggy% dijdGonn a-duithereghadipent the
i nvention provides the above "nethod, wherein the hepadnavirus genone

expression vector of 30 step (a) further conprises a nucleic acid derived
fromao patient infecied w hiachepadnavid uscddigy fax t heasenmaodiragmiertthe

I nvention provides tggngQ%%mw' retrovirus envelope protein, and

{(iii) an indicator nucleic acid;

15 (b} culturing the c¢cell from (a) s0 as to produce

hepadnavirus viriocns;

(¢) admixing the hepadnavirus viriong produced in

step (b) with a second ceil,

20 '
(d) measuring the amount of detectable signal produced
by the indicator nucleic acid in the second cell, wherein
the amount of detectable signal produced is dependent
upon hepadnavirus virion infection of the second cell;

25

{e) normalizing the measurement of step (d} ; and

(£) comparing the hormalized. measurement of step (e)
with the amount signal measured when steps {a) through
30 (d) are carried out with a control reference
hepadnavirus, wherein an increase in signal compared to
the control indicates an increased replication capacity
and a decrease in signal measured compared to the control
indicates a decreased replication capacity of the

35 hepadnavirus from the infected patient.

11
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‘nmet hod, wherein the nucleic acid derived froma patient 35 infected with
hepadnavi rus conprises at |east a fragnent of a human hepatdcesbBr 2005us
(HBV) gene. 12 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WD 03/000872
PCTI USC2119929 In a further enbodi nent the invention provides the above
met hod, whé&Y@§i¥ep$y@ gene is an REV P gene or an HBV C genePCTmse/memt her
enbodi nent the invention provides the above 5 nethod, nethod for

identifyin avirus.nucl ei,c_acid t, t confers
reS|stanceg¥€ %ﬁkgﬁFﬁgﬁL Iﬂﬁ%@ﬁ?ﬁ% HPg RN e8I vdses & Behhedcifvg
t he hepadnéﬁqﬁﬁﬁﬁﬂiﬂﬁaﬁyﬁﬂﬁﬂﬁ1@ﬁﬂéﬁ¥téorl@ru9@hﬂ:hdmadanwufhep&dmgvmmu&h
drug; (b) reasurigeg.susceptibility of the hepadnavirus sequenced in step
(a) to the drug according to the nethod of claimb50; 15 (c) exposing the
hepadnavirus to the drug so as to produce a decrease in the susceptibility
of the >hepadnavianus tottlduding measunedeiln:step (b); 20 (d) conparing the

sequence determ ned im)step (arwhth ncg of the hepadnavirus
following the exposure to the %?ug O%Enge%gggﬁe 0 Bs“To TdentT Y a
mutation in the hepadnavirus nucleic acid that confers resistance to the

anti - hepadnavi rus drug4i) 25a3&ubaeacf&b&@ﬁbn%%QQ%b”%@t1%H§t'QV%Q%b%@nt of
provi des the above ge%g % leg{g%n neasurlgg ste? é % npri ses nmeasuri ng
susceptibility of thé epaghaV|rusl§8ﬁu8H¥§ P Bfepstd) a?% t he
anti - hgpadnavirus drug using a two cell assay.

(iii) an indicator nucleic acid;

(b) culturing the cell from step (a);
15 {c} contacting the cell with the anti-hepadnavirus drug;

(d) measuring the amount of detectable signal produced

by the indicator nucleic acid in the cell; and

20 (e) comparing the amount of signal measured in step (d)
with the amount signal measured in the absence of the
drug, wherein a decrease in the amount of signal measured
in the presence of the drug indicates susceptibility to
the drug and wherein no change in signal measured or an

25 . increase in the amount of signal measured in the presence

of the drug indicates resistance to the drug.

In a further embodiment the invention provides the above
method, wherein the hepadnavirus genome expression vector of
30 step (a) further comprises a nucleic acid derived from a

patient infected with hepadnavirus.

In a further embodiment the invention provides the above
method, wherein the nucleic acid derived from a patient

35 infected with hepadnavirus comprises at least a fragment of a
human hgpatitis B virus (HBV} gene.

12
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In a preferred enbodi nent of the invention,' the invention provides a
met hod for the production of infectious Human Hepatitis B9\DacesibeHEMS

‘particles by pseudotyping HBV virions using envel ope proteins derived from

t he Human Foany Virus 35 (HFV). e 13 SUBSTI TUTE SHEET (RULE 26) 9 Decenber
2005 VWO O ®0Hé¢872PCTI USO21 19929 | n yet anot her enbodi meneCoisE2He929
invention, a nethod is provided for the production of infectious HBV
particles by pseudotyping using chineric envel ope protejns derived from
specific Fﬁhcﬁioﬁ&FtHSEBi%@b%@l$%%tHgvfhndnﬂpvtéﬁveﬂ%ﬁ%Vl Hr ft nghove
Furt her embadigentwiedeitrthehienvemicl 0B ncBdert enprodust i BBV of gatder

vari ous hepadnaviruses, using human foany virus envel ope proteins or
chineric envel ope proteins derived fromspecific 10 functional donmains of

- hepadnavi¥us aandustien fodbhyiviens Wiveloyenpione psovBempltés ofbevher

hepadngvi risesod NChiddBoa Beb- af@emoirFas] I hChedat9onwoadchuslk hepakt s

virus ( , round,squirrel hepatitis (GS , duck hepat.itis Vi r.us
(DHBV).&H£ME& j0s&“h p&kFFifqﬂ $ (SKENVLAHT Bt heP F%§§f%€PP§ Virus
docunent edd:hepadniaxti rassgs-iiss@:at ed fromcats, rodents, narsupials and
birds. O her enbodi nents of the invention include the production of
hepadnavi ruses using various other foany virus envel ope 20 proteins or

chi meric envel offe pFotesPRiReri (G f reppaPeriiiie TUM@ionafldoRELAS 6P
hepadnavi rus antk/asi Qs Ginar-Hepammawiriigs det¥el ope proteins. Exanpl es of
ot her .foanmy viruses (also referred to as spumaviruses) include, but are

not restricted to, siman foany virus (SFV), feline foany virus
{(b)measuring susceptibility of the hepadnavirus

sequenced in step (a) to the drug according to the
method of claim S0;

15
(c) expesing the hepadnavirus to the drug so as to
produce a decrease in the susceptibility of the
hepadnavirus to the drug measured in step (b);
20 (3} comparing the sequence determined in step
{(a) with the sequence of the hepadnavirusg following
the exposure to the drug of step (¢) so as to identify a
mutation in the hepadnavirus nucleic. acid that confers
resistance to the anti-hepadnavirus drug.
25
In a further embodiment the invention provides the above
method, wherein meagsuring step (b) comprises measuring
susceptibility of the hepadnavirus sequenced in step (a)
to the anti-hepadnavirus drug using a two cell assay.
30
In a preferred embodiment of the invention, the invention
provides a method for the production of infectious Human
Hepatitis B Virus (HBV) particles by pseudotyping HBV virions
using envelope proteins derived from the Human Foamy Virus
35 (HFV) .

13
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25 (FFV), bovine foany virus (BFV) , sea lion foany virus (SLFV) , and
hanmster foany virus (HaFV). Qher enbodinments production 8Debiubeniofig
retrovirus of the invention include the or other various hepadnavi ruses .3
U envelo e roteins or chi v. i | pp ner c en e ope proteins derived from
speci fic fwiceivorar domains of hepadnavirus and retroviruscwvisiugssenvel ope
proteins. Exanples of other retroviruses include, but are not restricted

to: 35 (i r Lrus use nma ry tupor virus); 14 SUBSTI TUTE
SHEET (RULET265°5 Docerber 3005 0% 0Bbs 2 pCHIORISRI020 % | 75 - el an
C-type ret PEPIAGSEs {eeothepi eredidiieon | efikenifatiious, BRPhEEIORLEBUMAE
| eukem a Vipkdsido@yphas @Pend CWHBMA W M USve{GhL n?llboq}élgﬁrg ad%}:g_%%% sypc% oup
B); 5 (iii)_Avi.an _sa cogg/.leu osis retroviruses ( uvgrougs Y , D"
(iv) Type thl?ﬁi r 8BSt RBZOn-BPTHERS ndtke i r H8Y and HFV. envelope

5

proteins.

Further embodiments of the invention include the production of
other various hepadnaviruses, using human foamy virus envelope
proteins or chimeric envelope proteins derived from specific

10 functional domains of . hepadnavirus and human foamy wvirus
envelope proteins. Examples of other hepadnaviruses include,
but are not restricted to, woodchuck hepatitis virus (WHV),
ground squirrel hepatitis (GSHV), duck hepatitis B8 wvirus
(DHBV)., snow goose hepatitis virus (SGHV), and other less-well

15 documented hepadnaviruses isolated from cats, rodents,
marsupials and birds.

Other embodiments of the invention include the production of
hepadnaviruses wusing various other foamy virus envelope

20 proteins or chimeric envelope proteins derived from specific
functional domains of hepadnavirus and various other foamy
virus envelope proteins. Examples of other foamy viruses
(also referred to as spumaviruses) include, but are not
restricted to, simian foamy virus (SFV), feline foamy virus

25 - (FFV), bovine foamy virus (BFV), sea lion foamy wvirus {(SLFV),
and hamster foamy virus (HaFV).

Other embodiments of the invention include the

production of . HBV or other various hepadnaviruses
30 using retrovirus envelope proteins or chimeric envelope

proteins derived from specific functional domains of
hepadnavirus and retrovirus virus envelope proteins. Examples

of other retroviruses include, but are not restricted to:

35 (1} Type B retroviruses (mouse mammary tumor virus) ;
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siman retrovirus 1 and 2); 10 (v) Human T cell |eukem viruses (type |I and
1) and bovine |leukem a virus; (vi) Lentiviruses (human i &nDececibér 2006ncy
virus type 1 15 and 2, equine infectious anem a virus, nmedi/visna

virus); (vii) Fish retroviruses (walleye pike |eukem a and sarcom
viruses, swaksheadh fish retrovirus); 20 (viii) Drosophil apcetsavioniss
(gypsy). other enbodinents of the invention include the production of
hepadnavi ruses using velppe proteins derived from other 25 various.

envel oped Vi rus Hor %%ﬁ?ééﬁ%?eﬂ%ﬁﬁﬁﬂ%& BrotE HE UGS | VETOFF SRTSpelTFiiee
functional donelsigcartia hHelwmvelpdiotpretie meréfichdpadtsavir ysessand ibbher
various envel opgeh M kSES VE&@@pIleqgeogggkeﬁggebgpgg‘e@yggﬁgg?ig@}'usesr

i nclude, but are not restricted to, togaviruses, flaviviruses, 30

coronavi ruses, rhabdoviruses, filoviruses, paranyxoviruses, orthoviruses,
bunyavisr uses, ateinavizwises,sdherpeslicnisess rpoxeii ugess (Hildpvmumsesand

rot avi ruses. IQXaQQIpeQﬂenbodinent, the invention provides a nethod for 35
measuring the replication of HBV, and the replication of various other
hepadnavi ruses. 15 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872
PCT/ US02119929 {mnyanather enbedimeitirubtbe i (esbh onf DIovi desikayetheddf or
measuring the suscggtiggéggénéﬁ: @ngﬁng ot her hepadnaviruses to drugs that
i nhibit HBV ref%?%%]%ranscrfpﬁgbe,a d ghe reverse transcriptases of other
hepadddvi ruses. 5 I n another enbodi nent, the invention provides a nmethod
for (v) Human T cell leukemi viruses (type I and II) and

bovine leukemia virus;

{vi) Lentiviruses (human immuncodeficiency virus type 1
15 and 2, equine infectious anemia virus, maedi/visna
virus) ;

f
§
?
;
|
e

3
§
3
]
;
i
i
1

sarcoma viruses, snakehead fish retrovirus);
20

{viii) Drosophila retrovirus {(gypsy) .

Other embodiments of the invention include the production ot
hepadnaviruses using envelope proteins derived from other
25 various enveloped viruses or chimeric envelope proteins
derived from specific functional dJdomains of the envelope
proteins of Thepadnaviruses and other various enveloped
viruses. Examples of other enveloped enveloped viruses
include, but are not restricted to, togaviruses, flaviviruses,
30 coronaviruses, rhabdoviruses, filoviruses, paramyxoviruses,
orthoviruses, bunyaviruses, arenaviruses, herpesviruses,

poxviruses, iridovirusesand rotaviruses.

Iin another embodiment, the invention provides a method for
35 measuring the replication of HBV, and the replication _ofﬂ

various other hepadnaviruses.
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i dentifying new and/or additional inhibitors of HBV reverse transcriptase,
and the reverse transcriptases of other hepadnaviruses. 19 Deeembenztdsand
met hods for neasuring HBV replication of the present invention can be
applied to the identification of novel inhibitors of HBV replication

i ncl udi ng, Wsuf3/es72 | i mted to, cccDNA formation, virion assSgudigzand
egress fromthe 15 cell. In another enbodi nent, the invention provides a

met hod for i dgpiddas NGy i.ons in.the HBV P gene that alter the
suscepti bi | inty of HBV to}g@rj%%élge]f tr %rlllsecrjl“rlfg| %%telcgln brtors® 2o “ﬁt}%aﬁgrand
net hods of PFREVPABIetS ntetFIn Bk titent i FPVngndmatdté onsephdraaiteses

suscept i bi kict yatagsevetise tiranssi phase rLpbibi t o1$,GaR-1Be adapt gdqt o pt her
steps in HBY re Iigggkog ; j:értlgl udi pg, but not 4i mted to, cccDNA fornati on,
virion 25 8¢S&nbly  and oot e3e"F ram PHEET IO HHSERE enbodi ment, t he
i nvention provides a nmethod for identifying nutations in the HBV P gene

that alter thhendreRld calh Ve &apaci ty,, or: "fi s" V. 30 T aps_and
met hods of .i[:ihe Eresent invcglnti n fo%lﬁ_edelnr%\:;‘%f%%%%‘ ?&7’ gene r?“uett%giolr%n “1 hat
alter, reptPEaFFri¥IREpdS™ 2R3 Che 2348pEPEalt o aHliteant | $f ca@BVonreferse
mut ati ons kmaosheiptB¥egenesd (agie (Epversdrf asantSyipraddst r sactinani on
( .) ) thaj gg&% 3:_'3‘3% V replicative capacity. a 16 SFJBSTI TUTE SHEET (RULE
26) 9 Decenber 2005 3/ 000872 PCT/ US42/ 19929 In anot her enbodi ment, the
i nventi%n provides a method for using measurements of HBV drug

suscepti bi fhéy ofe@n@Ui 884t BRthods for measuring HBV replication of the
present invention can be applied to the identification of
novel inhibitors of HBV replication including, but not limited

to, cecDNA formation, virion assembly, and egress from the
15 cell. .

In another embodiment, the invention provides a mwethod for
identifying mutations in the HBV P gene that alter the
susceptibility of HBV to reverse transcriptase inhibitors.
20

The means and methods of the present invention for identifying
mutations that alter susceptibility to reverse transcriptase
inhibitors can be adapted to other steps in HBV replicatioh,
including, but not limited to, cccDNA formation, virion

25 assembly and egress from the cell.

In another embodiment, the invention provides a method for
identifying mutations in the HBV P gene that alter the
reﬁlicative capacity, or "fitness" of HBV.
30
The means and methods of the present invention for identifying
HBV P gene mutations that alter, replicative capacity can be
applied to the identification of mutations in other HBV genes
(core (C) , suxface (8) , and transactivanion (X) ) that alter
35 HBV replicative capacity.

(4]
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antiviral treatnment of individuals infected wwth-HBV. 5 In anot her

enbodi nent, the invention provides a nethod for using repd Deatmber 208pacity
measurenents to.guide the treatnent of individuals failing anti--HBV drug
treatnment. The enbodi nents of the present invention are achieved by 10

usi ng envel@peoopset ei ns derived froma foamy retrovirus tBCTUSPIPHAuce
pseudot yped hepadnavirus virions. Foamvirus (Spumavi rus‘) repI ication 15

The replication pathways of hepadnaviruses (which i des
retrovirud@s arelleni ERPAGTEREr both ﬁ&b’ﬁﬁgéoﬁ Hj’chdﬁfc | 8ngth \Qlﬁ SR

utilize revarse ﬁé@@ﬁﬁém@w@eo&mﬂgwOdrggnemmcee;a:ndnubltef stparmgdie( dshe DNA
that serves as.the nplate for.tr r [ Of-viral-;gepnes in infected
cells. 205‘@5&%} \?l rﬁ%g (“afjgoor?e %gr egg %P%sﬂg%un%v?ruses) conprise an

at ypi cal genus within the retrovirus group in that several aspects of

their geplicatigpnpat RyanBRnd st inst ﬁmmtaat p’iﬁfovnailés otheie et 0¥bEUS
gener a- Not ably t hese ynusual aspects of

th rry Vi.us. repl.i. ]
closely r@seisl &Pdaratad S Faﬁcﬁ@dWFanggﬁﬁ R dat E% E?%g%—‘%@t and
coul d reflggctimivianmeae €edllihigonaty - HBMkdbegmbEﬂaﬁemfdnaw ruses and foany
viruses. Foany viruses have been reported to infect a variety of cell
types froma variety of mammalian and avian species ing t f oany
virus recdpteor s ewprdgmntubPiui tusPFes3dte ‘é%%%“d“be?% lﬁ‘?kéjceev%cfo?gl ns.
Sim | apitigs Betwsen dhepadradimis c&&dvlé@lalfyto\wﬁ ras Rephiycatrieamo85rBet hto
hepadnavi ruses and retrovi ses u\&} |zde R gurlg%?%ﬁ_pl ication. During
hepadnavi i FEREat BGRY é’Pé’ EPS oA 177 3uB E SHEET (RULE 26) 9
Decenber 2005 WO 03/000872 PCT/ US02119929 of a packaged single stranded
pre- genomi e, BNA L ans oid pt 49 r @9ublg1strandgd genom ¢ DNA by RT takes
pl ace bef oT6 WA rus particles enter new host cells. Conversely, during
retrovirus

15 ‘The replication pathways of hepadnaviruses {which includes

HBV) and retroviruses are similar in that both package a
genomic length RNA and utilize reverse transcriptase (RT) to
generate a double stranded (ds} DNA that serves as the
template for transcription of wviral genes in infected cells.
20 Foamy viruses (also referred to as spumaviruses) comprise an
atypical genus within the retrovirus group in that several
aspects of their replication pathway are digtinct from that of
all other retrovirus genera. Notably, these unusual aspects of
the foamy virus replication ciogsely resemble features of
25 hepdnavirus replication, including HBV, and could reflect a
common evolutionary 1link between hepadnaviruses and foamy
viruses. Foamy viruses have been reported to infect a variety
of cell types from a variety otf mammalian and avian species,
suggesting that foamy virus receptors represent ubiquitously

30 expressed cell surface proteins.

gimilarities Between Hepadnaviyus and Foamy Virus Replication

35 Both hepadnaviruses and retroviruses utilize RT during.

replication; During hepadnavirus replication, the conversion

17
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replication, this step occurs after the virus entry step. Recent studies
indicate that unlike all other known retroviruses, an est Riricethb&0200Ba of
foamy virus particles contain genomc |ength double stranded DNA (Yu et
al ., (1996), "Human Foany Virus Replication-a Pathway Distinct from That
of 10 Retr@wiskuses and Hepadnavi ruses", Science 271: 1579-9158R%nh2/¥929 et al .,
(1999), "Evidence That the Human Foanmy Virus Genone is DNA'", J. Virol. 70:

1250-1254). I n this p of retrOV|ru ni fi cant _amounts of reverse
% e ar EERHD I | ST G BEST HTECE . Revi ol AT Co

transcrlptlon BeELrs™s
resenbl i ng dcwélRT s@e@nda@ ioenbepadTd rug meEpl tgats omiake nNemiord nfeet:ed

ColLS: oot pchenadnayi disss A0d KOLE OULEYSESCoRLOOUCEy ! AR08 ANDUDLS G0N YL! A

core protein. For _hepadnaviruses this
ret rovi r us6EHL 3G PR | Gdes ?ﬁ@PGﬁﬁcthy@?e?élﬁh%oﬁs¥%$|¢ﬁﬁ¥ﬂ Hemi ns t hat
conprise the matrix (MM, capsid (CA) and nucleocap5|d (NC) proteins. In

hepadnavi r nd a viruses the co i.ns transiently |ocalize
within thegﬁﬁ%Fb ;gﬁggﬁe novgi%%%ﬁheéﬁﬁg Qﬁi Wﬁot%iﬁ (Ei% Rnotm
polyprote|ﬁﬁtepVéFPE@ﬁherakndwﬁizatﬁétrbvrlﬁtesﬁhréoaesthnmmeﬂ pertheies

cyt opl asm ebrirafiecieson |l$3ng-£lﬁe aNGrdamaip.qhal bNhet(&QVlaeualGag (1996)

pol ypr ot e except the foa iruses, contains a_ ' conServe
cyst ei ne- hnglaanF@W¥I¥ %%Eé?ﬁlFﬁﬁﬁoﬁréygaﬁﬁwégsQhFFéchoﬁEOmlﬁh?HeOf

bi ndi nyp of RP@J@rbmn:atseewam Hepadhav RNfsand, pgekagis 92730 Begkovi 32 ; Ryuet
al . 1996. gackagiong, ClitricloBe 1 LEr ORLObymb T @my %%myé?ﬁége The

NC domai n of Foany Vi rus yproterns Tac H S7not |
cont ai ns s&Wér al J-r ¥§iens Ppchlﬂﬁogﬂ95ﬂhe andthigi graep( GfyrAEgpviruses,

Schl i ephakeigAiVWicanet sdlount®94%s Méﬂé%ﬁé|(EEHﬂéﬁffﬁkfgnfQ@@yuféruﬁeggge 35
precursor pr. 8:4946- 49 1996._ _The

t ol..
car boxyl ter%ﬁ%u%aﬁilfﬁé Fodify Vi 'Géﬁnfﬁ %ﬁﬁ%ﬂq%ﬂﬁﬁi§ﬁEE$T(RBEE

26) 9 DecenbehepBBbavirus replication.

In newly infected cells, both hepadnaviruses and retroviruses
produce large  amounts of viral core protein. For
hepadnaviruses this is the C protein and for retrovirusesg it
20 includes the Gag polyprotein consisting of domains that
comprise the matrxix (MA), capsid (CA} and nucleocapsid (NC)
proteins. In hepadnaviruses and foamy viruses the core
proteins transiently localize within the nucleus. The de novo
synthesized core proteins (Gag polyprotein) of all other known
25 retroviruses are restricted to the cytoplasm of infected
cells. The NC domain of all retrovirus Gag polyproteins,
except the foamy viruses, containg a ‘highly conserved
cysteine-histidine (Cys-His) motif that plays an essential role
in the binding of NC to retrovirus genomic RNA and packaging.
30 Berkowitz, R. et al. 1996. RNA packaging. Curr. Top.
Microbiol. Immunol. 214:177-218. The NC domain of foamy wvirus
Gag polyproteins lack the Cys-His motiff but contains several
regions rich in glycine and arginine (Gly-Arg). Schliephake,
AW. , et al. 1994. Nuclear localzation of foamy wvirus Gag
35 precursor protein. J. Virol. 68:4946-4954. Yu, §.F., et al.
1996. The carboxyl terminus of the human Ffoamy virus Gag
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WO 113/000872 PCTI US02/ 19929 protein contains separable nucleic acid

bi ndi ng and nucl ear transport domains. J. Viral.- 70: 82559 86@mb&adosf
these regions was. shown to function as a nuclear |ocalization signal.
Anal ogous G y-Arg notifs exist in the hepadnavirus 5 core (C proteins and

are |ikel ywhQsph@y: i nportant roles in RNA packagi ng and maalusaz/19929
| ocal i zation of the C protein Hatton, - T., et al. 1992. RNA- and

DNA- bi ndi ng activities in hggatl tis. B virus capsid protein: a nodel for
their rol eB*PRE{Pr FONLAEHIS SRPTRLYE WFORICEEBIR R EIHINI NAEEal TUM S92,
The 10 arginanepotrch dowainsof fhe tiepatliti 3o BYFTus40r e ot edh  tilgese

required fgégggﬁge - encapsi datian, %r%qm%r oduct i Ven&/!é%g%ﬁo?ffﬂ Veﬁ%%ﬁrd

DNA synt hesi for VITus assenb i Fol
of the knof@Inatr oﬁ@%ﬂ%us‘ex@émﬂrﬁe T!FQfaLr@B VEFESES, it ekprestenadiaviols

genes (RT apdel mtegfaaélﬁgl\&n&r@t:@l Nskeds t&ag1EP! lr@@:yi&zgi St e o JAECkava T.
1990. Transl ationa ppressi on ne expressio |n retroviruses and
retrot ranspdSoRg Y. a@é i e Rhoﬁgiétz?ib Bn@tp. e 26 WoGieday. Jatton,
Retrovirus@s; straflegile®2of RN@pl izyat i WR- b:SpiJlrrggeerct\zle:rzlta@s Ber | hepatGarany.
In contrasg, Qany cggguae SXRLERS Lhefdalol ) yt%sﬁ?if; sepag gl efyofd om

Gag pol yprotelns, expression in navi r uses
S.F., et arepliggpiopyngh f(‘f&ﬁ?lw r6§ ?é%?r%%ﬂon Na&?aelrpaf"lhwawa?st i et
from tiat @fgiﬁiﬂi@VritﬂSe&oﬂﬂﬁn bepa;dﬁamapma:m%lgnaelazl Jcﬁﬁ'%l@&ﬂ:eln

Lochelt, M red 11901 nstruction_of gn L nf ecti,ous %\IA one_of fhe
full- |ength Pﬁ?ﬁl&r_‘i Spurtar et W?n%m%eﬁgﬁ%pﬁﬁ aﬁﬁ?%ggﬁ(§5|p50 U el T
gene. VirobogytiBd-4B8rédd DNXusyBthesiet it 1996for30iPreductsemdly. J.

persi st entyipfection, ph- hepmpt opoi etic cells by human foany virus. J.
Viral. 70:1250-1254. Retrovirus particle formation occurs exclusively

within the cytoplasm but may vary in precise |ocation depending on the
15 All of the known retroviruses, except the foamy viruses,

express their pol genes (RT and integrase (IN} proteins) as
Gag-Pol polyproteins. Jacks, T. 1990. Translational
suppression in gene expression in retroviruses and
retrotransposons, P 93-124. In R. Wanstrom and P.K.
20 Vogt {ed.), Retroviruses: strategies of feplication.
Springer-Verlayg, Berlin, Germany . In contrast, foamy
viruseg express their Pol polyproteins separately £from Gag

polyproteins, resembling Pol expression in .the hepadnaviruses

Yu, S.F., et al., 1996. Human foamy virus replication —
25 a pathway distinct from that of retroviruses and
hepadnaviruses. Science 271:1575-1582. Lochelt, M. , et

al. 1991. Construction of -an infectious DNA clone of the full-
length human spumaretrovirus genome and mutagenesis of the bel
1 gene. Viroclogy 184:43-54. , Yu, S8.F., et al. 1996.

30 Productive persistent infection of hematopoietic cells by
human foamy virus. J. Virel. 70:1250-1254.

Retrovirus particle formation occurs exclusively within the
cytoplasm, but may vary in precise location depending on the
. 38 specific wvirus. All known retroviruses, except the foamy

viruses, bud from the cell surface and thus acquire their
. °
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35 specific virus. Al known retroviruses, except the foany viruses, bud
fromthe cell surface and thus acquire their 19 SUBSTI TUTEQ SHEEmMbéERIODE 26)
9 Decenber- 2005 WO 03/ 000872 PCT/ US02/ 19929 out er envel ope nmenbrane from
the plasnma nenbrane. in contrast, both foany viruses and hepadnaviruses

bud from kfgopaderl asmc reticulum (ER) and thus acquireptheisizemsel ope
menbrane from the intracellular nenbrane conpartnent. The latter may

explain 5 why both the hepadnaviruses and the spumaviruses are Iargelé
cel | asso&U4teed, SR 1P O IR TG FHFUddE FlesBasMEPEREE -f LgmCophEastl |
Zer aba, Mbotletfciny MGschenchnhkpasdfrituraks p3a” fdemictheokntibe 1hLA@A

foamy virus rec or_is required f.or fficie Lr-us _inf LVity.

Vi ol ogy Srr i GRS hd EERG i O (BN s Sl BER 5o e
bel and bétheopearraceddivdg e mawyagle mermartogny - vilhgs 1bytesi Agvacmpwein
quantigat iyt assay - tie WeiRlana84-0618- GRA. 1Y | §FuddyiANsk JUBL-801%i-EL9YD
formati on bqQth hepadnavifuses and .15 retroviruses concentrate specific
envel ope ﬁ&%i%@%w#ra@ﬁé& P Hoste TN T hERBr ZRE saﬁﬁim RBRE, ZEAB
serves as tiee cslurZerabayi Mus ,erel ape meabr albe larbtheycasemohal p3°
hepadnavi r t 1%Egjt - syt f.ace of.ej oded . ene
(large, m %3%52§§§ﬁ%{Fh ) angé%@¥ g%%?%v??%ségéggrgﬁgyggrggﬁﬁékggrfgge
(SU) and &fddisiemtr afer(TM-pretérasy - eNésaeaghy 2ie 7Tefdvel offe (Bn¥) - gBhe.
Both hepadnavirusss. paeiBy&ssant feagy MIdSofM proOt @jdlS ahe NeROT bpdnt 0
contain sort.n%hgn%lfs thatflogﬁglze t hese proteins thin the ER new
nenbr ane &ﬁﬁ#&ﬂ mt = EEpf ef PR et BP9V A softi ng' 25 hot Tf

| ocal i zes adtaetfigani ve mgsagl.ydopiotreiln 66 :the8-éazdpl asmc reticulum J.

Virol. 71:778-784, T. Kamnura et al., and P. Roingeard, 1990. For many,

if not all known retroviruses, excluding the foang viruses, env protein
expr essi oF Hi&Tditsherdaid| @UF oRIt HerdghreseTBRL VPR BRSPS PERAHRGVITUSES and

15 retroviruses concentrate specific envelope proteins within a
specifié host c¢ell membrane compartment, that serves as the
source of virus envelope membrane. In the case of
hepadnaviruses these are the three-surface proteins encoded by
the S gene (large, middle and small S} and for retroviruses

20 they are the surface (SU) and transmembrane (TM) proteins
encoded by the envelope (env) gene. Both hepadnavirus S
proteins and foamy virus TM proteins are reported to .contain
sorting motifs that localize these proteins within the ER
membrane compartment Goepfer, P.A., et al. 1997. A sorting

25 motif - localizes the foamy virus glycoprotein to the
endoplasmic reticulum. J. Virol. 71:778-784, T. Kamimura et
al., and P. Roingeard, 1990. For many, if not all known
retroviruses, excluding the foamy viruses, env protein
expression is dispensible for the egress of virions from the

30 cell {(albeit env deficient particles are not infectious) . In
contrast, the egress of infectious foamy virus particles from
the cell is dependent on env -gene expression (4 and 22).
Similarly, the assembly of infectious_hepadnavirus virions is
dependent on fhe expression of S gene products, and more

35 specifically budding requires appropriate expression of the
large S protein. Bruss & Ganum 1991 from table. ‘
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30 cell (albeit env deficient particles are not infectious) . In contrast,
the egress of infectious foany virus particles from the celfecembdepmsdent
on env gene expression (4 and 22). Simlarly, the assenbly of infectious
hepadnavirus visions is dependent on the expression of S gene products,
and nore 3{gReGishi cal |y budding requires appropriate exprrsgsianighethe

| arge S protein. Bruss & Ganum 1991 fromtable. 20 SUBSTI TUTE SHEET (RULE
26) 9 Decenber 2005 WO 03/000872 PCT/US02/19929 The features shared by
foany viruSes diechthepsdnairedebyarfamyunmarised BAITASIPECRAVENUERE cHSe of

the human pgpatitihsySiVikLHdse BV particles 5 produced by transient
transfection of cultured cells are infectious in vivo, but not in vitro.

The bl ock to infection my be due to the absence of an appropriate HEV
receptor omqtﬂﬁecehbeSUﬁEacaeIﬂumxnnhapatihuﬂaﬁsfmanvbviH@§(p$%©i¢%saa

very br#ﬁ?ggoé&ceéng a”ﬁ' '?ﬁ £ape t?rac%fsfe’lft%H "G %Qﬁu}deaééﬁé/ ofrcel |

l i nes suggests receptor a ubi quitous]y_ expressed
cel | surfadefproteia. iHBW i HRL rephi eat i’*’é‘ﬁrﬁat ﬁ\ﬂﬁysﬂf%ﬁ% VR ERCISTRR | ar

;eaturgs %% hkkﬁ%ﬁﬁQtEéotﬁﬁrgg%éﬁaéﬂéﬁyaﬁnappgdgkmgteT§BV|m@aagfmrjﬁh
escri bes t e means and_ nethods to exploit. simlaritjes
replicatiof SUHL A hrepHUNEITF 185" s UBR"AY P@Q}Yaﬁr rglts:‘,\ﬁ(gﬁ‘}) has a

retrovirus vesyc HomsaddFWdat ordeget argl r tamamablshsPacl @szCPfaltngr edt ryede
hepadngyi r l&%ﬁ@tg%!eogeua gglnlefscu&'h'ﬁ%esu§¥§§€§5théﬁ 8T ger £ egerdadhapnt ,

HFV envel ope el ns I meric enve roteins contalnlng specific
functi onal ed@nﬁbh@uéﬁOﬂﬁéYHvaﬁﬁESP#VC%%%e@%ﬁﬁg%ﬁ(ﬁ%ﬂ “-can be used to

generate HBV particles that are capable of using the hunan foamy virus
[ﬁggggg;vf%ﬁ e %g‘ de ég%:% egtggwayé¥§§§e %QVA§aﬂsggmgf§f ﬁeatures
conpri ses autheaséspe¢tagmenV1niom_@Esembly and budding invention
15 describes the means and methods to exploit similarities
between the replicatién pathways of a hepadnavirus, such as
HBV and a foamy retrovirus, such as HFV in order to circumvent
obstacles that restrict hepadnavirus infection in cell culture
systems. In a preferred embodiment, HFV envelope prcteins, or
20 chimeric envelope proteins containing specific functional
domains of the HBV and HFV envelope proteins, can be used to

generate HBV particles that are capable of using the human

foamy virus receptor to enter a wide variety of cell types.

25 As used herein, "hepadnavirus genome expression vector' refers
to a vector(s) that comprises at least a fragment of a of
hepadnavirus genome and is capable of transient transcription
of the hepadnavirus RNA and hepadnavirus protein production

following introduction into an appropriate cell line.

30
An "foamy retrovirus envelope expression vector" refers to a
vector that comprises at least a fragment of a foamy
retrovirus envelope gene and 1s capable of transiently '
producing a foamy retrovirus envelope protein following
35 introduction into an appropriate cell line. .

-]
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hepadnavi rus genone and is capable of transient transcription of the
hepadnavi rus RNA and hepadnavi rus protein production foll 8\mesgmber 2005

i ntroducti'on into an appropriate cell line. 30 An "foany retrovirus

envel ope expression vector"” refers to a vector that conprises at |east a
fragnment owoashagmy retrovirus envel ope gene and i s capalcagnshzieansi ently
produci ng a foarry retrovi rus envel ope protein followng 35 introduction
into an appropriate _cell Q 21 SUBSTI TUTE SHEET (RULE 26) 9 [%ce er
2005 WO 03t 0068 ﬁé‘?ffus‘é‘é? D29 AN Mot i Dr THuct eFECAETE" TS er £IFG a
nucl ei cbaoaml:rtehat @itderlydi reect Iyheradthr eughrematéact | givgisvesiskese tho @
measur abl ahl e a Q?@i : ol gr _or

| i ght of gn%é%gﬁ%gﬁegt/a\l}g§ggggﬁgé g%r%’ % tﬁetgcxg ogé b[%el\?AgSl&l\ﬁ uge as an
i ndi cat or P kMHange éllg&éné%fatq ofiedFuBabkpeRVPeeBRRALoPTRNA sthtucEafre. of

Pr ef gr seg L?mnaffmf Leg(;ed i ax6li gat @hdg@aeoraﬁt hﬂlaﬁlgecgiﬂ hesdrgenen Warch
encodes bet a- ac i dase, C ne i ncodes IUC|ferase |ther
from for B&HIE, on| s gﬁ!’al Fg Egﬁ%r?i‘re%yf ors enl)ﬁ PR ¢ & fg‘rnm s
(the sea panisy:)a,tqmegﬁlecgﬁ thleo A genelihilelrZ eyrodeshbtlkakhnedphodpirat-ase,

green fl U%MBsﬂj[aQé@' neaRd 1 fhegbact ehliah %Tc&f‘é};e mbﬁhefgggd%ather
chl or anpheni col _acetyl transferase Addi ti onal Ere erred_exanpl es of

i ndi cat or ey af 8T sEXPEPEE  prECEORS SorP A1 S U lé‘?:efﬁ‘:c’)f%?'hsoﬁ Rteﬁ’d‘tllzfre
readi by nessuredoos assay, sdeh @snswad] o therumoassayi (Fhay, ond | wdriescent

acti vat ed Ce' l Or taiﬂg_léﬁee%h?spha%as?egnggregnmeﬁ?.%ﬁwe%’cegl OV\%P%LQ%}L CC)BZICI

cyt oki nes And” SUf face “ant i'gens or none
respectiveihd . balcrt@lr(;@tlor §2Fe" denaindeldcdod eBcalies | mitipi@mERepicol

sel ection agfél:%rl@a%{éfeﬁfa@ier ed F\Qd@@l@nﬁ@l eGh:abt &l KeexanpXanp! esf of an

sui tabl e sel ect abl e narkers for rmglanc | |s
indicator gene are secret protegns or cell surface proteins

15 that are readily measured by assay, such as radioimmuncassay

(RIA)' , or fluorescent activated cell sorting {(FACS),
including, for example, growth factors, cytokines and cell
surface antigens (e.g. growth  hormone, I1-2 or Ch4,
respectively). "Indicator gene" is understood to also include

20 a selection gene, also referred to as a selectable marker.
Examples of suitable selectable wmarkers for mammalian cells
are dihydrofolate reductase {DHFR} , thymidine kinase,
hygromycin, neomycin, zeocin or E. coli gpt. In the case of
the foregoing examples of indicator genes, the indicator gene

25 and the patient-derived segment are discrete, i.e. distinct
and separate genes. In some cases a patient-derived segment
may also be used as an indicator gene. In one such embodiment
in which the patient-derived segment corresponds to more than
one viral gene which is the target of an anti-viral, one of

30 said viral genes may also serve as the indicator gene.

The indicator nucleic acid or indicator gene may be
" fynctional® or "non-functional" as described in U.S. Patent
No. 6,242,187. |

35

A thepadnavirus indicator vector” or "indicator gemne viral
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are di hydrofol ate reductase (DHFR), thym di ne ki nase, hygromnycin,
neonycin, zeocin or E. coli gpt. In the case of the foreg@dDegemker®8s of
i ndi cat or ‘genes, the indicator gene 25 and the patient-derived segnent are
discrete, i.e. distinct and separate genes. In sone cases a

pati ent - deyhvgdegegnment may al so be used as an indi cat or pganse/ieone such
enbodi nent in which the patient-derived segnent corresponds to nore than
one viral gene which_ is the target of. an anti-viral, one of 30 said viral
genes may GFSoPSer vefasSt he in tEFCRhet R8s FRBERADF cAEGRSRESI &fc S d
or i ndi catispganey hmys bgentimencindnah” Ofdidwief ugeheponaldclasadesirtdsads i n

U S. Paten 4 87, ._" Vi rus . indi r ".oar. "jndkcator
gene viraliﬁibgﬁﬁgﬁ%T%?é SHEE?E%%%E f%? gf%ggg% gr %%%&ﬁ%Eﬂ%%fﬁ%ogg2éﬁl
PCT/ USCR/ 189929 vBlee orRNZ of @patadna DNEe vest @ thiat I bt nsrasduemstt s G5 t he
hepadnavi rescgenon® st 13 RNAI Cat O hgSa@nasUels asi fidief lana |t frerase and
is capable of transient tr nSC£iption of an RNA.NEpe 3?@ C ntanss t.he

si gnal s/ el EPEREST TR ed¥ or “2packHyi ng” 8= FheP RNAY nt ‘%eéﬁﬂﬁ%f?%ﬁh?us
virions ampbIpreraversel foansoy iptimesofort d RNA timdiseriopt gbyet he
hepadnavi rus pol ynerase and for the expression of the indicator gene, A
"packagi ng host cell" or "first_cell" refers to_a cell that 10 can support
transi ent 2xpPeskrernofhefik RepAdngVi rddrgenshilc" ZRdeFSam? PetTovi rddt
envel qpe exfpr essppbryecheisiaht’ tat@eis£adn "obr theetenthdeMirusefgsrsontia
cells that_express atggaqy reg&%yhﬂy§aggg%;osgﬁkeg%gk%&sand are capabl e of
15 support?% %%56H§5ffﬂ§:$%%llcéiléh once oany retrovirus pseudotyped
hepadnavi rus virions have entered the cell via the foany retrovirus

receptor. Mhet,isieanii dyorf 03BKohEt LRYEFUS rRSEUARL YRad hapadnavig ks s
virions" are hepadnavirus virions
a foamy retrovirus envelope receptor and are capable of

15 supporting hepadnavirus replication once foamy retrovirus
pseudotyped hepadnavirus virions have entered the cell via the
foamy retrovirus receptor. What is meant by "foamy retrovirus
pseudotyped hepadnavirus virions" are hepadnavirus virxions
containing one or more proteins derived from a foamy

20 retrovirus.

As used herein, Upatient-derived segment" encompasses nucleic
acid segments derived from human and various animal species.
Such species include, but are not limited to chimpanzees,

25 horses, catties, cats and dogs.

Patient-derived segments - - can also be incorporated intc be
described vectors, such as the hepadnavirus expression vector
using any of several alternative cloning technigues. For
30 example, cloning via the introduction of class II restriction
sites into both the plasmid backbone and the patient-derived
segments or by uracil DNA glycosylase primer cloning or a

method of recombination or seamless cloning.

35  The patient4derived segment may be obtained by any method of‘

molecular cloning or gene amplification, or modifications
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containing one or nore proteins derived froma foany 20 retrovirus. As
used herein, "patient-derived segnent” enconpasses nucl ei c9 Decestbee209ent s
derived from human and various ani nal species. Such species include, but
are not limted to chinpanzees, 25 horses, catties, cats and dogs.

Pat i ent - degph\vgdogsegnment s can al so be incorporated into be pcieswsided
vectors, such as the hepadnavirus expression vector u'si'n'g' any of several

alternative cloning techniques. For 30 exanple, cloning via the
i ntroduct i BRCHPOE! ady | inferinsEty opatéppres afUEIS6t haefeP pPasAidcbaclddne

and the pa&w@hﬂ@dlwﬁowegmaﬁé @ﬁdQYOﬂr@EMp%ﬂiy@@ﬁW@&esdﬁﬂ&ﬁ{ to
cl oni ng or reco %ﬁil on or seg} ess C| onl ng.

0
pati ent =d }??veanéﬁaagﬁ?dnafln 8 obt'§i né§S
or gene anptpiduavions oexppdeficati anst@B SUBSTI TURENSHEET (RULE 26)ert:

Decenber  2005; VA 03100087 2, AGIIHUS02] 19929 5 heb@ﬁg b¥ebBMQ€'HSﬁ”9 $atd ent

sequence acceptor sites, as described below, at the ends of
pati ent - deFPVERCRIYHERE 6 Heei ﬁ?FéBBEeHeHH?BC?h@WIbeﬂl%%t 678, Ruch
as the hepachayvbrase@XpEtesshen ¥rakorof F(D;heEXﬁﬁ'p[h@rsl n@edend Sthe PCR

anpl i {1 cat o0 fpthod syah g8 POR 1 estilel i on, s Les, ;eor resppndi ng fo Lhe

pati ent - sequence acce I ACOr por at e ends " of
primers us‘é‘éﬂfﬁnctlﬁ@lPGR ﬁ*@a%tiféﬁtlstﬁi@ar Isyttesn Ce?mobécm%or@lﬂé‘ﬁi‘»ﬁé n@tt hod

such ag cONA gheBi BE S/ hrFasdsFd CLioN sbiesieal Be INRCYROrALedAtchih t he
ends of the rlrrers used for first or _second strand cDNA synthes|s, or in

a method sHERCAESHFi et r dpai A ofSBRRS hél® cPSABEGToF HR¢Fon? :
said rest rtizlmétlmaén stlesedanrbencinaedpdNat edaiidt aedre iprtiiner $itsed =01 1.*nehe

repair re r%o:r_éwgd p?atn't%”t REAPENGE, ACEERLOTE St E‘ﬁe”@ 'ﬁfo P&é@:ﬂ&r?”s

15 designe ermt honol OgOUS econbr nation or conple
Th e patient sequence acceptor sites may also be reglons

15 designed to permit homologous recombination or complementary
annealing between the patient derived segment and the
hepadnavirus expression vector The patient sequence acceptor
sites and primers are designed to improve the representation
of patieht—derived segments. Sets of vectors having designed

20 patient sequence acceptor sites provide representation of
patient-derived segments that would be undexrrepresented in one

vector alone.

As used hexein, "replication capacity" is defined herein is a
25 measure of how well the wvirus replicates. This may also be
referred to as viral fitness. In one embodiment, replication
capacity can be measured by evaluating the ability of the

virus to replicate in a single round of replication.

30 As used herein, "control resistance test vector" is defined as
a resistance test vector comprising a standard hepadnavirus

sequence (for example, HBVayw and an indicator gene.

As used herein, "normalizing® is defined as standardizing the
35 . amount of the expression of indicator gene measured relative

- to the number of viral particles giving rise to the expression
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anneal i ng between the patient derived segnent and the hepadnavirus
expression vector The patient sequence acceptor sites andSdcembsr 2G05%e
designed to inprove the representation of patient-derived segnents. Sets
of vectors having designed 20 pati ent sequence acceptor sites provide

repr esent até 9fod@k72 pati ent-derived segnents t hat woul d bepanmmmnepnesented
in-one vector alone. As used herein, replication capacity" is defined
herein is Zg neasur e, of how wel | the virus rep |icates. This may al so be
referred t Vi TRFIFRERESES T BRE @ﬁﬁ@&ﬂﬁen?o éFFEBFP%nlScﬁﬁﬁéptﬁdcan
be. measurked iwvzd@mgwmhﬂgambenaboflEycmfethee actmsltp mepkucatiebin tae
singl e roupdyely 1eplyCaly 9030188 yaed,DBLELE. ChEORL Lol ok o8l 8l angs, | est
vector” defined as i stance test vector conpr|3|ng a standard
hepadnaV|rus sequence (for exanpl e, HBVayw and an indi cator gene. As used
hereins " wqr%rmérh%dmg" angl deféaes-as 3&énfl@é@ligﬂe&ged an 35 aasm@%&t c_ﬁliselﬁ he
expr essi on, i ndi cat or e reasur rel ative to.fhe numher o i_ral.
particles gﬁbfﬂﬁﬂilsg'togﬁﬁe expre S|onnf SUB 3T|?@?E‘%ﬁgETJEhuﬁﬁafgydﬁ
Decenber 26050 88# 0608 M2rPCRHWSOZLEIIN0 afaihebladi pabbicenevaidable
exanpl e, M@A'&%é%i&é@%&d dy diyigh ngthe-amuntof Luciiherase

activity neasured by unber. of viral particles nmeasured at the tinme of

i nf ect i on. PS5} nﬂﬂ%"a%ﬁﬂrdvéﬁf%ﬁSP“%}ESH%gléﬁﬁFﬁﬁm%?sa | Bve P oS 9B -
fol | owed b:—;qd:e«tatlmm: aptdéemnidsnmber holee 6&:&@1‘1]151@1 phasnmka®wnheirei hhar ert

el Lher contif il o gl ahlee. cRUBLLOLY YA 3] er 9ncANLBE et ot ed

basi s, can ron1ava| asm s in accord with
publlshed procedures. In addition, 10 eqU|vaIent pl asm ds to those

descri bed @hesiknowidd tdhe @ud v@fﬁbﬂ/yf lde henapparanti dro &g digraiidagd
skilled artisan. Constru ctkon of the Vﬁctors of thﬁ |nve%t|9nﬁﬁgggg%§
standard Hi%HtIYh 3 Festriction bet Pn‘-‘a\ﬁ%% WRiEH are wWert iider st oS
is in the art (see Ausubel et ai. {1987) Current Protocols in
Moleculary Biclogy, Wiley Interscience or Maniatis et al.,
(1992) in Molecular Cloning: A laboratory Manual, Cold Spring
Harbor Laboratoxry, N.Y.). Isclated plasmids, DNA sequences, or
gsynthesized oligonucleotides are cleaved, tailored, and
20 religated in the form desired. The sequences of all DNA
constructs incoxporating synthetic DNA can be confirmed by DNa
sequence analysis (Sanger et al. (1977) Proc. Natl. Acad. Sci.
74, 5483-5467)

25 The development of a method to generate infectious pseudotyped
hepadnavirus virions having envelope proteins derived from a
foamy retrovirus enables the development of in vitro cell
based assays for hepadnaviruses, including but not limited to
drug susceptibility and resistance essays, viral fitness

30 assays, and genotypic assays to identify hepadnavirus

mutations which confer drug resistance.

The following examples are presented to further illustrate
and explain the invention and should not be taken as limiting

35  in any vegard.
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15 in the art (see Ausubel et ai., (1987) Current Protocols in Mol ecul ar
Bi ol ogy, Wley Interscience or Maniatis et al., (1992) i n9NaHcembea?005
Cloning: A laboratory Manual, Cold Spring Harbor Laboratory, N Y.).

| sol ated plasm ds, DNA sequences, or synthesized oligonucl eotides are

cl eaved, twid@reek72and 20 religated in the formdesired. Therggqguenees of
all DNA constructs incorporati ng synthetic DNA can be confirnmed by DNA

sequence anal ysis (Sanger et al. Lg %}é ﬁ%g_p Natl. Acad. Sci. 74,
5463-5467) . 25 The devel opnent of X to generate infectious

pseudot yped hepadnavirus virions having envel ope prot ei ns derived froma
foany retrovirys e b es the, devel op \utr assays for
hepadnavi rusesﬂ)j T n%f udi g bﬁ%e%ao{ilﬁllﬁtv&‘ﬁuog Jrag g: ﬁt-beb? gﬁl&ﬁd

resi stance essays, viral fbgggsgdBQraﬁsgyﬁanaf@agpn@iy@éc assays to
identify hepadnavirus nutations which confer drug resistance. The

foIIovm'-"_ng exanpl es are presented to further illustrate and epr ain the

i nvention @Hﬂssh@%ﬁ net vtl@%%n aaSnéalan 140 medhddl - c;§ 1215%
SUBSTI TUTE SHEET (Rgﬁ\g 2%%%9 Dece %005 WD 037000872 PC s/ Us02/ 939"

EXAMPLE | P&&4OBPY B t PFPE} LREF A BV BESPETPr di%insCU B $2d
from Humanaﬁdaergt&!bﬁ.tushédThei;lexanpbetpabveglpseas neheeracndpn@:t hf)d:s fonan

generati ng i-¥1.00S ar ap of f i | res
and est abl Fgﬁxﬁ VH‘Q% n(te%a{ hat %él%pr ggéﬁts heallrlé]ecgr%t%{&f @Md&ﬁmﬁ&%{c}‘{r us
(HFV) .10rhedfeaRsPand thet haisrprdwiered hetei tﬂrnﬂ?@léé@éfillﬁé t HEpr ogeHBFeBSf or

i ncor por at pAgtEENs enMebopie REabeRS IJH QEvhe e tHane, 8f M abd tAeget
I nfection géligrgﬁgt are permissive for HFV infection, i.e. express HFV
receptors on the cell surface. HBV wvirions produced by the
method‘enter the cell by binding and interacting with the HFV

15 receptor, thereby circumventing the normal HBV entry pathway,
which is thought to involve the HBV surface protein (S) and

an, as yet, unidentified host cell HBV receptor. It is widely
held that the dinability of HBV to infect cultured cells is
likely to be due to a block (s) at the attachment and/or entry

20 steps. The wmeans and methods for producing infectious HBV by
pseudotyping with HFV envelope proteins provided in this
example can be adapted to other hepadnaviruses, some of which

may serve as useful animal models for HBV disease, for example

~ duck and woodchuck hepadnaviruses. Addition, the means and
25 methods for producing infectious HBV by pseudotyping with HFV
envelope proteins can be adapted to pseudotyping HBV and other
hepadnaviruses "with the. envelope proteins of other foamy
viruses {spumaviruses) , retroviruses, and a variety of

enveloped viruses.

30 ,
The system for the production of HBV particles pseudotyped
with HFV envelope proteins and the successful infection of
cultured cells involves the following components;

35 (1) HBV genome _expression vector: a DNA vector that
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cells that are perm ssive for HFV infection, i.e. express HFV receptors on
the cell surface. HBV virions produced by the nethod ente® Dehembedd006y

bi nding and interacting with the HFV 15 receptor, thereby circunventing the
normal HBV entry pat hway, which is thought to involve the HBV surface
protein (Syoaa@oosan, as yet, unidentified host cell HBV r suBpioe/ivoed is
widely held that the inability of HBV to infect cultured cells is |Ilikely
to be due L9 arg)flsggk gﬁ% atﬁr%g)he attachment . and/ or ent ryl 20 steps. The neans
and net hods“Tor “producifig iMtectdGtE"HBVA By bgeuﬁgﬁ?‘%’ fig W't h HR-ErRE ope
prot ei ns proeigdedippicohi gf BRENBNE ead B@vVadaptiedt gmoidert hepatnadwiises,
sone of whi&h-oBY: 56 Venas Usefil-aniymle mrdel §:far HBV di sease, for
exanpl.e duck and woodchuck hepadnaviruses. Addition, the neans and 25

met hods for producing infectious HBV by pseudotyping with HFV envel ope
protei s canibeHBdapt@tdioonseacoby pi H0DEBW anthotdieit hepadnayisuses,i th
the envel o rLOt e} er a  ruse spunmvi ruses), _retroviruses,
and a vari(g%y&o iélﬁgel%f)eﬁg;d&vi ?&geggnS\ém?#é%%ﬁgt em 1 of t%uec%rgauc Y5 Yot ‘
HBV parti clesipeenept ¢#ped Lo PR cenvl spenpiensi nsramet it successfal

i nfection mfa. cuthar eggel &sni N1k veshd h%i@&éwé&@m@n%%i&% (9o HBV
genone expressi on ve%%r: a g\# vector that 26 SUBSTITUTE SHEET (RULE 26) 9
Decenber 200530 8310808 7 PCT¥s0 21180 2 SR b npfi Sk E he BV If&nores S s s
capabllé of ttamesyiigrtion rahsche pRNANtohnEBYIRNAbaN ¢ hHBYEW qiceliymeprzaauciricon
fol | owi ng cdptradustin. ko an appropriate,cetholine. 5 (i1) HBY indicator
vector: a DNA vector that contains elenents f'The HBV genone and an

i ndi cator gene, such as firefly luciferase and is capable of transient

transcriptionipof B3V __envelope expression vector: a DNA vector that

comprises the HFV envelope gene and is capable of transiently
15 producing HFV envelope proteins following introduction into an

appropriate cell line.

{iv) Packaging hogt cell or first cell: cells that can support
transient expression o©f HBV genomic and HFV envelope

20 expression vectors.

(v} Target cell or second cell: cells that express the HFV

envelope receptor and are capable of supporting  HBV

replication once HFV pseudotyped HBV virions have entered the
25 . cell wvia the HFV receptor.

HBV genome expression vectors are capable of producing
HBV particles following their introduction into
packaging host cells. HBV gene expression can be regulated by

30 HBV regulatory elements, or by exogenous regulatory elements
. Qerived from other sources,' e.g. the human cytomegalovirus
immediate-early gene promoter/enhancer (CMV-IE}. In a preferred
embodiment of this invention, expression of the HBV genome is
regulated by the CMV-IE promoter/enhancér. HBV genome expression

35 * vectors may also contain an indicator gene, such as firefly.

luciferase. ‘In this case, the vectors are referred to as "“"HBV-

i)
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RNA. The RNA contains the signals/elenents required for packaging of the
RNA into HBV virions and for reverse 10 transcription of ta®debiber200scri pt
by the HBV pol ynerase and for the expression of the indicator gene, (iii)
HFV envel ope expression vector: a DNA vector that conprises the HFV

envel ope gemevsane7t S capable of transiently 15 produci ng HrMresweabepe

proteins following introduction into an appropriate cell line. (iv)
Packagi ng hoat cell or first ﬁell: cells that can suggort transi ent
expr essi on “Bf BBV eI ¢ ARG HEPRWEl o DY ex IFESER ol vett or&dipeyor

Tar get cel bepe secohdvesidrsicelThs tihdlcexqpr essnd herdiEdesenvekapetiecephar
and ar e capahlen Oln S URRAELEAGN! B, IERLLEANON.A0CE s %@%@EgotyﬁegaHBV

virions have_entered rece
expr essi on“GeeEorsl éP@lﬁgpé@¢§Cé#oﬁr5&Uéﬂ#@5I%%Piﬁﬁ@ﬂc%@shPéFlGﬁﬁhggﬁhglr

i ntrodwgti enliat o Thpackagimg b@shxﬁﬁbb&orH%%m&engr@dwaﬁsshoe Cancherase

| at ed HBV | at o | at
Cl amont s SHETTVOY (FOmerr LOUHCRRT £ S hane Cy onbbar bur T B =

i mredi at e- éang?EQEﬂ@n®r©ﬁDH%¥/xﬂﬂimmagnOQCNWEWEgndldath peekeviedl vectors

embodi ment cgf H8i ﬁséci‘V@cSIté%nﬂa@éphﬁﬁs‘@é‘sf’éta&ﬁ%/‘f@fn@@@c’%s’cSvef:@agi’é'at £9 by
the CW-1E gﬂ nnler/enhancer HBV genone expression 35 vectors nay al so

contain an % r SR 10 (B £SPPREHT (oL | Hes  BPRsendiGrieki gepasEirehe
vect ors0 ar gecederwith tMBASgetdB\beGu2hcSHBSE lg’ UTE SHiETr<RsE 26én59:1ﬁ@taﬁber

2005 \ VO Ogéc%)%% ngr9§g§/ 115%81%9 I Q’g gaE 996%1 h\élrr gq‘lourggt Org Or ags a

general ly as gene viral Vvec cator gene prOV|
sensitive aﬁéhxbbmﬁéﬁ?@htSW@@N@nh@ﬁ?@%WHgnﬂaggrﬁﬁgsx¢w¥a wire ctiugi wypséEteat get

-strains of HBV {e.g. viruses sensitive or resistant to
lamivudine, [3TC}), and moclecular clones of HBV that possess defined

15 RT sequences that contain or lack drug resistance associated
mutations (M5LOV) .

The HFV envelope expression vector contains the HFV envelope gene
region and is wused to produce the HFV envelope gené product
{gp130env). The gpl3lenv is a polyprotein that is cleaved in
20 the cytoplasmic membrane compartment by a cellular "furin-like"
protease to produce the mature envelope surface (gp80SU) and
transmembrane (gp48TM). Together, SU and TM function in host cell
recognition and entry of HFV. The introduction of HFV envelope
expression vectors along with HBV genome vectors into host
25  packaging cells results in the production of HBV virions bearing HFV
envelope proteins in the viral membrane (pseudotyped virus
particles). Expression of HFV envelope in host packaging cells
can be regulated by a variety of regulatory elements including,
but not limited to the CMV-IE promoter/enhancer, or the HFV
30 promoter/enhancer. In a preferred embodiment of this invention, the
HFV envelope expression vector is assembled by inserting the HFV
envelope gene region into an expression vector that contains the

B
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cells followi ng infection by virus produced in host packaging 5 cells. The
anount of indicator gene product, i.e. luciferase activit9Dgeemttac2ds n
target cells is a direct nmeasure of a single round of HBV replication. HBV
i ndi cator gene viral vectors can be used to assenble HBV

"Resi st anGgy) hidgagns test vectors”™ by replacing specific PBrusenuences of
the HBV indicator gene viral 10 vector. with HBV gene sequences (e.g. P gene
reverse transcriptase sequences) derived froma variety of other sources.

Sour ces mayv-TRCbudotat/eaRin&anukes. hathor, i ngrdepghisensit ke, orom ugite
resistant strains of HBV (e.g. viruses sensitive or resistant to

| ami vudi n&€wW{3%ef) . and nol ecul ar clones of HBV that possess defined 15 RT
sequences that contain or lack drug resistance associated nutations
(MB50V). The HFV envel ope expression vector contains the HFV envel ope gene
regi on andPackagded tor odates t RavHRLERES ope Welhe YRBERIGT °©F gftBBENAL.
The gpl30eny is.a. p pr- I n t . ] a i .20 C ] :
ronbr Ao COBAN BRnt Ty arce i, ETHE L ihiEes 88 CHAR,
mat ur e envieldpy swrfiac e(HEFR8OSUndandmaty drpaeoter avrel egp&8PNg . Haogbt-héfhe SU

and TM fungctian in host cell recognpition entry of HEV. The ~
introducti’o‘#agf BERFAVEl glﬁét &X ?eggf‘%ﬁl% orks At ong vlgiatlﬁeH méoéaﬁg’rré)f
vectors i oy hestudbtppekagiowy cetichsr esellictving tde piaduchiohomf ofBEBY
virions bearing HFV envelope proteins in the viral nembrane seﬂgﬁi%tgyped
virus pard9reRBsyXPERPIEdsiVERter MY BV IO RT RIBESHRTRAGITGE * can
be requyl ated by a variety of regulatory elenents including, but not
limted to the CW-I| E pronoter/enhancer, or the HFV 30 pronoter/enhancer.
In a pref efamgtenbediiwemevofinghide | PIVEREY ofelthedHRSEENVEIGFe &0 5 Fon

vector is Yo RSl t L Oghe: HEVo gvelaper sgene ok eglait it §r@fin,
expr essi On?@%g%g{:&%tp clon?gi n%%t he%J 28a SUBSTI TUTE SHEET ULE 26) 9

Decenber 2085 ud@03100087 21 RATEAUSOR/HggR9 cells and Huh7 cells, (ref). The

ideai target cell expresses HFV receptor (s) on the cell surface and

15 supports HBV replication steps that are downstream of wvirus

attachment and entry.

To produce infectious HBV virusr particles an HBV genome
expression vector plus an HFV envelope expression vector is
introduced into host packaging cells. Several days later, HFV

20 pseudotyped HBV particles produced by the host packaging
cells are harvested and used to inoculate target cells.
Several days after inoculation, the infectivity of target
cells is measured. The introduction of HBV genome expression
vector and HFV envelope expression vector DNAs into host
25 packaging cells can be performed by a variety of well-
established procedures including, but not limited to
calcium-phosphate-DNA precipitation and electroporation.
Measuring the infectivity of target cells by HBV can be
performed by a variety of well-established prpcedures
30 ' inciudiing, but not limited to the detection of HBV antigens

4

(e.g. antibody based Western blot or ELISA detection), or HBV

29
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CW- |1 E pronoter/enhancer (e.g. pCXAS, Petropoulos et al., 1999 Cte Full
Ref). Packagi ng host cells may include a wide variety of h@eceober 3005
manmal i an cell lines including, but not limted to, human enbryonic ki dney
cells (HEK293) and human hepatoma cells (Hep&, Huh7). The ideal packagi ng
host cel | tweeszioedrel y produces | arge nunbers of HFV pseudetypsed/ ibiBY

virions foll ow ng,t i .aduct] on BV, e i vector_and HFV
1Rec Q&ﬁ%g &L%} Rﬁ RT%@??S ﬁéé?%%%fugaot é%ugﬁ

envel ope expression vector DNAs. "10 Target e ptirmary &l s
and cel |l |ines, H&¥ fdekectispecifically primary hepatocytes and cell |ines
of hepatic origin, including but not limted to Hep& cells and Huh7
cells, (ref). The ideal target cell expresses HFV receptor (s) on the cell
surface andnl5: suppdetsedHB¥¢mbepinadt | ofi stlejys tihatnaten,dowhst riEam ofnvnkus

at t achnent . roduce infectious HBV virus particles an HBV
genorren?exg‘r gglg%%é%{/e&-g%}: BE‘SI Sasfl dgntﬁivﬁg v el ope O@)?pr‘ge’é@ipeogr‘?]\?é’ct‘é‘?‘:‘?%r are

i ntroducedregtbabtedt packealg: ngCioel IS, Semeral/daysndat er THFVEZY  genome
pseudot yped V. particles_produced .by the host packaging cells are _
har vest ed 5‘8"‘8_@%[2% ?oﬁiuﬁbg%a:ftee Jt“g%"ﬁ\é{x”éeﬁis’é‘?' S ehePt dagdagirgr cell is

i nocul at i ONEK2dR | THeCHEVI ¥ndfe t 8i@REsi6e! hecksrmeagur ede They i @h&%%géi on
of HBV genone expression vector and HFV envel ope expression vector

into host SBPHITKEYF ngSCEPFs Tah PBLFRIICSHnethtsy Bowtar packagimanerells by

est ablishegz EQGEEHHESHARCONA hciBtar MR FiEted e micrograms of each
cal ci um phosphat e- DNA preci pitation and el ectroporation. asuring the

i nfectivityeoFO¥ driffetPeand R thpnHeye cagpche Afpet f oraredebyieny hpfetgadfaging
wel | - est ablishgd. procedy.es, 39, ingluding, b ,pited.to_the det i;on
of HBV antigens (e.g. anti %ody h%asg'd ({%sltseﬁ%u%l%gtﬂtg?% é%%ék 8%?65 I oe%)%%dor
HBV 29 SUBSY|MPrENSHEETLHRUECE t26 e deder ertidr 229051 ANDA03A0DA8Y.2 The media

PCT/USOZ/lgga%Humifuged and filtered and the filtrate serves as the stock of
15 HFV pseudotyped HBV for infection of host target cells. The
target host cell is HepG2 or Huh7. Infected cells are lysed 48-72

hours after infection and luciferase activity is measured in the

cell lysate. The amount of luciferase activity detected in infected

cells serves as a direct measure of a single round of HBV

20 replication.
EXAMPLE 2

Pseudotyping Hepatitis B Virus Using Chimeric Envelope Proteins

25 - Derived from Human Feoamy Virus and Hepatitis B Virus

This example provides a means and methods for generating HBV
virions that are capable of infecting primary cell cultures and
established cell lines that express the receptor for Human Foamy
Virus (HFV). The means and methods provided herein describe the
30 procedures for incorporating HBV/HFV chimeric envelope proteins into
‘the membrane of HBV and the infectionrof target cells that are

permissive for HFV infection, i.e. express HFV receptors on the

SUBSTITUTE SHEET {RULE 26)




nucleic acids (e.g. PCR RT-PCR, Northern blot, southern blot detection).
In a preferred enbodi nent of this invention, the HBV genon® Dezembpr 2805 on
vector and the HFV envel ope expression vector are regulated by the CW-I1E
pronot er/ enhancer. The HBV genone contains a |luciferase indicator gene.
The host packagusxgzcell is HEK293. The HBV genone expressicanisegaciver and
the HFV envel ope expression vector are introduced into host packagi ng
cells by 10 cal ci um phosphate--DNA precipitation. Five to ten m crograns of

each vect eel DNBupifeepar abionial@sugedaudéd eby t fiansiebbd othtd10sthepackaghng
are i ncubahed for 24-72 hours. Cells gl _ugpgul ture nedia are collected. and

frozen and”thawd FBF RS 1RE| Yy drYF5HERs . e e i BT enting

centri f ugedhangh-fidit emedeandyt Berfdd r a8 Sehweshasqhie: Stiock 10k LhaHM,
pseudot yped HBV for infection of host target cells. The target host cell

is Hep& oF'HGR7S PRPEELRd (€& 1F9dardt| y3edYas. 790 wiiidiaf t BP=t nFetti BBV and
luci feraiseraginddy 1its Measiiad imRikhenacelhel yisahelidhe,ammnt +8f infect

| uci ferase activity detected in infected cells serves as a direct neasure
of a singl EXBHTE GPLHB\AS 2biked| teabf ofue ESANPLE oZkpsk ufot S5 mg-tHepaent i s
B Virus Usi | R | r af.ei rd ved fro 4 rus
and Hepat i '%1 ?g/%ﬁfg %E?%gé%;%&aeg%r E@?%e?%@édn?taﬁ %’? Eggg E g%mt%
gener at i ngmeBYs  #3¢ innvdhothafornecsapabd elrgfedtabee t 5 pr pravgotnadingcwitur es

and establjs cell; Lines x{&ﬁet pr he receptor f Human . Foa
Vi rus (NE\/%E.é e rrgégtlr%rsm&é%g rrée c}ggéprg%lgtené%her%gn %sc%‘?%%tet%ﬁetgo Fner
pr ocedw® eshépoadriavionpes atsong BiBWIHEN chiyvnmeeirce e elsefiel paol@inswadafle £ohe
menbrane of _HBY.and the infection of .target c Iést at e_perm.ssiye for
FV 1 nf et 1B o e Seno SRR T it S s ohaterh Yetnslrr B Rl e il
26) 9 Deceaherh280&xM)H 08104108y 25 PET/ &iSO24:190 920 c et he Stk @€ eandtiBievhedons
pr oduced b¥ t he met hod enter_the cell b¥ : .
o producing infectious HB by pseudotyping with HEBV/HFV
chimeric envelope proteins can be adapted to pseudotyping HBV
15 and other hepadnaviruses with chimeric envelope proteins derived

from other foamy viruses (spumaviruses), retroviruses, and a

variety of enveloped viruses.

The  system for the production of HBV particles pseudotyped with
20 HBV/HFV chimeric envelope proteins and the successful infection

of cultured cells may involve the following éénponents;

HBV genome expression vector: a DNA vector that contains the HBV
genome and is capable of transient transcription of HBV RNA and
25 HBV protein production following introduction into an

appropriate cell line,

HBV indicator gqene viral vector: a DNA vector that contains

elements of the HBV genome and an indicator gene, such as
30 firefly luciferase and is capable of transient transcription
of an RNA. The RNA contains the signals/elements required

for packaging of the RNA into HBV virions and for reverse.

L3
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bi nding and interacting with the HFV receptor, thereby circunventing the
normal HBV entry pathway, which is thought to involve the 8lBécembéa2ies
protein (S) and an, as yet, unidentified host cell HBV 5 receptor. It is
wi dely held that the inability of HBV to infect cultured cells is likely to
be due to wobbowikf{s) at the attachnent and/or entry step®CTBaspdvon this

exanple, it is obvious that the s.and net hods for producing infectious
HBV by pseudoty%f%%ﬁﬁf%’lo?Eﬁ?ﬁﬁ%ﬁgﬁﬁnﬁF????ﬁ+PElg et%?&%gfﬁ§ﬂ€§ﬁnﬁ€3éﬂébted
to other 10 hepasnaticr 4sesessSeoof chwhii gl dyr spive as useful ani mal nodel s
for HBV disease, for exanple duck and woodchuck hepadnaviruses. Based on
this exanple, it is also obvious that the neans and nethods for producing
i nfectiousykB¥by psawsotyphage wih FBWHRM onChidmib:C eNVehops-prot el s can
be adapted to pseudotyping HBV 15 and ot her hepadnaviruses wth chineric
envel ope prot ei AAFEFPVERS FRREIIERe CoRbagy oW ia U HFY puhviguigs egyelope
retroviruses, ri; et vel-o 'V S t f

producti on of ﬁ%%mﬁa?¥?cF§s¥E§%ﬁ§%t%Ee§§%f$%b£2 Hﬁgﬁaﬁﬁiﬁﬁiﬁg%igﬁﬁﬁeﬁ?épe
proteins and thehwsdesstoveigfeecprirotringf Eollowied cieldreodmayidmyohve tde
fol |l owi ng conpo. - HBV_gen expression vector: a DNA vector that
contains the HBV™ ¢ ﬁgﬁg g%@"?gg%hpable of transient transcription of HBV
RNA and 25 HBV protein production follow ng introduction into an

appropr4 at | 1. 11 ne, ;HBY indi,gator e viral vector: a DNA vector that
conta?ﬁé '%%%%%%ﬁgﬁﬁ;ﬂq%géﬁﬁ#%%ﬁﬁnecgngsanuF%ﬁiéﬁ?br5ﬁgﬁ3}t5u¥ﬁaagl?ﬁ:

firefly | ueipferadenantl HBV capablie 208 HFansivehipd eapsei=iphi-@ttond, an RNA
The RNA contains the signals /elenments required for packaging of the RNA
into HBV virions and for reverse 31 SUBSTI TUTE SHEET (RULE 26) 9 Decenber
2005 WO 037900872 iXsel/Ad502/: 199295 transGhiRtEonnef ntheRNG ddcansethpbr by

the HBV pol ynerase and for the expression of the indicator gene,
and are capable of supporting HBV replication once HBV

15 particles pseudotyped with the HBV/HFV chimeric envelope have

entered the cell via the HFV receptor.

HBV genome expression vectors are capable of producing HBV
particles following their introduction into packaging host cells.

HBV gene expression c¢an be regulated by HBV regulatory

20 elements, or by exogenous regulatory elements derived from
othexr sources, e.g. the human cytomegalovirus immediate-early
gene promcter/enhancer (CMV-IE). In a preferred embodiment of

this invention, expression of the HBV genome is regulated by the

CMV-IE promoter/enhancer. HBV genome expfession vectors may'

25 also contain an indicator gene, such as firefly luciferase. In

this case, the vectors are referred to as M"HBV indicator gene

viral vectors® '(Figure 1) . The indicator gene provides a
sensitive and convenient mechanism for measuring the
infectivity of host target cells following infection by
30 | virus produced in host packaging cells. The amount of indicator
gene product, i.e. luciferase activity, produced in host target

4
cells is a direct measure of a single round of HBV

32

SUBSTITUTE SHEET (RULE 26)




HBV/ HFV chi meri c envel ope expression vector: a DNA vector that 3 contains
t he sequences coding for a HBV/ HFV chi neric envel ope gene amicembea(s e of
transi ently producing the HBV/ HFV chineric envel ope proteins foll ow ng

introduction into an appropriate cell line, 10 Packagi ng host cells: cells
that can sygR9hdest ansi ent expr essi on of HBV genonic andPHF/YJS@mmemope
expressi on vecto $e Tar | ceI l, S, th p e
receptor and aP% ca sq{Jﬁl%glr rep IC%I %ﬁéé%ce HB@{(?L &

particles pseudﬁéypedemli h trdaetcHBs\// HEMnchihsmrl csedveliope kagerbbat erém\_,fl he

cell via the |1-2va recept of. HBV g nome expr ess) o& vecg,ors ar caaag
produci ng HBV—Eéﬁﬁr@—gs{%ﬁ—éﬁ—ﬁtge—fheﬁc&rﬁﬁTn ¢t on 7hto packaging" o St

cell's.  HBV gangeg¥pl eSSEVREALRRICEEgutat e tbysd'lﬁr\éclte:gul atery-abiei®mnt s,
or by exogenous regul ator eI enments derived from other sources

.. the
human Gyt onegARBYRFIRS | FEH kit T, Fr SRR fonbtorPunvancar CEAETECR | n

a preferred epbedirent: ehe HBWSihAVEAtbONge@XPFEES] Cred@iod he diBVEgeRRAR: i S
regul ated by the CW-1E pronoter/enhancer. HEV genone expression vectors

may 25 al so €6AE&PAeEn {(Rd¥catRr I5&fe, TSUBRSAs FrH BV RLAERT ePEEHENISF)

this case, thgoyecLar §r§1’he refelded 410 AherHBYuirRdbcabghircaenty Viddlude
vectors" (Figure 1) . The indicator gene provides a sensitive and

conveni ent nechidesm BerpheasFRirRgTing diriPe @SnEih Ve %s@rlﬂ%rﬁ%%l%@ff%
followdg i nf eellonsbyos0 }rg¢U%epgodU&ﬁd1ge@ hostspackagidlg ceblseadihe co

anount™ of i ndi gene product uci ferase activity, produced in
host target célainsvmctlrae di [r3é“cﬁ ) neasinrrmkﬁcuaaﬁ rgloaesogrid Iiﬁv HB\2 3 possess

SUBSTI TUTE SHEET. ( RUL 6) 9 Dece 03/ 00 |U§ng ]SQ%%
replication. E@%lggl%#oggz Qe ueesflsﬁeosn vect ocro%ntan oér’ H%%Z él cator - gene viral
vectors can besssethiel a&seﬂbixes "(MBMOV) .

15 The HFV gpl3Oenv envelope is a polyprotein that is cleaved in
the cytoplasmic membrane compartment by a cellular "furin-like®
protease to produce the mature envelope surface (gp8asy) and
transmembrane (gp48TM). Together, SU and TM function in host cell
recognition and entry of HFV. The HBV PreSl/Pres2/S gene codes

20 for three different proteins depending on the promoter used. The
three proteins S, M and L contain identical C-terminii and
differ in the presence or absence of the PreSl and/or PreS2
domains (See Figure 3). The HBV/HFV chimeric envelope
‘expres.sion vector contains sequences that encode a chimeric

25 protein which contains amino acids derived from the entire S
domain and additional PreSl and PreS2 sequences of the HBV virus
covalently linked to amino acids of the HFV SU (gp80) envelope
gene region. In a preferred embodiment of this invention
the HBV/HFV chimeric envelope contains the HFV SU region

30 fused in frame to the entire HBV S and PreS2 and N-terminal
deleted PreSl sequences. In another preferred embodiment of
thie invention the HBV/HFV chimeric envelope contains the

*
HFV SU region fused in frame to the entire HBV S and N-terminal.

©
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Resi stance fitness test vectors'.' (see Figure 2 and Exanple 3 below). HBV
Resi st ance/fitness test vectors are produced by 5 repl aci ng Dsgembéi 2006BV
sequences -of the HBV genone expression vector or the HBV indicator gene
viral vector with HBV gene sequences (e.g. P gene reverse transcriptase
sequences)yo #g6doy8d froma variety of other sources. Soureewusmyisdmcl ude
patient sanpl es harboring drgq? sensitive or drug resistant 10 strains_ of

HBV (e.g. 4AYaI<s BERSTt iafe! of - rUSTstaint Ce bt PANFFEEFnSSSTEEF,; andThe

mol ecul ar 16doNas QinHBY-thalnRASseS Spdebibngd Rl-sgguencesefhab ¢RBl@LA or
| ack drug resistance associated nut atpl ons (Mb50V). 15 The HFV gpl30env

envel ope it PBVYPFBt eirineardc i s claaedaPen  t hESE§t opl aBRPE-Fenbr afibe
conpar t m@n%&c%q_lohu' ane" furimolike”  pLELRAase: to prpduce.t hematune,

envel ope surface _ _
functi n ivediosts celdng r etbgnHEVoweamrtee tagrogs HRLC ThéoEBY PpeSkaABRasS2/ S

gene codes_20, for r differ g I ependi on_t 0 .used.
The threecep]?lo% ei%%gé,f@ a‘erlxg Lgfg%ngg(?éﬁéfgg%?i c(gl@ Cﬁ gr mv%??ogﬁdrr%%?% f &e{é in
t he presermmy tirabsemnioe=10ic t ewveleft apdboeils eSPn domai nsiyBee rfeinfueesl) .
The HBV/ HFV chineric envel ope expressi on vector _contains _seguen

encode a ciﬁ%ﬁe‘fﬁt% r ot &t mh?%ﬁtﬁ%]?]?%i ns am nb~Beras d8r | \%gd ?@?ﬁh{%ﬁé
entire S domiriand agddiio@nal PreSl hasd PreS2kagduencesllof t heahdBV wier us
covalently linked to gm’ no aci ds, of the_HFV Sil Egg%) envel ope geﬁe

regi odl | FeEprait r elYentiodi Ym0 t A sTFAVEREPON SCRECEBY BEYCRIMAEri ¢
envel ope oot ahpe thenidRM St reghen 3@ufusedpidudt@niediauride entbre HBé S
and PreS2 and N-term nal deleted PreSlI sequences. |n another preferr?a%e
enbodi nentERY PIPRRLeR{RHEFRFEY hel HBVEHEDVCH mretetsivel opB RomEime™

HFV SU regignhdised in Lrame {4 he antite;BBY S angk Nirmimal chémd3ic
SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 . .

envelope expression vector is assembled by inserting the

15 HBV/HFV chimeric envelope gene seguences into .an

expression vector that contains the CMV-1E

promoter/enhancer (e.g. pCXAS, Petropoulos et al., 1999)

Packaging host cells may include a wide variety of human or
20 mammalian cell lines including, but not limited to, human
embryonic kidney cells (HEK293) and human hepatoma cells
{(HepG2, Huh7). The ideal.packaging host cell transiently produces
large numbers of HBV virions pseudotyped with the HBV/HFV chimeric
envelope protein following the introduction of HBV genome expression

25 vector and HBV/HFV chimeric envelope expression vector DS .

Target host cells may include primary cells and cell lineg, and more
sﬁecifically primary hepatocytes and cell lines of hepatic origin,
including but not limited to HepG2 cells and Huh7 cells. The idea_'L.
30 target host cell expresses HFV receptor (s) on the cell surface and
supports HBV replication steps that are downstream of virus

attachment and entry.

' SUBSTITUTE SHEET (RULE 26)

gp80sU) and transnmenbrane (gp48TM. Together, SU and TM .




WO 03/ 000872 PCT/ US02/ 19929 deleted PreSI and C-term nal deleted PreS2
sequences- The HBV/ HFV chineric envel ope expression vect 08 Dexembed?00d
produce the HBV/ HFV chinmeric envel ope gene product. The introduction of
HBV/ HFV chi meri c envel ope expression 5 vectors along wth HBV genone

vectors i n%-golgmtﬁmpackagi ng cells results in the product ponvue2z/ B virions
H

beari ng V/ HFV chinmeric envel ope proteins in the viral nenbrane

(pseudotyped virus particles). Expression of HBV/ HFV chineric envelope in

host packa%ngpgga{l@ecamnbgcwpﬁsguﬂ;@tedvpyu%v\kf}%ﬂ@aaéﬁ rgulB$or Yyenome
el enents including, but not limted to the -| E pronoter/enhancer, or
the HFV pronot exPERBEHEEr BECEde HBWS pronotBY/Efh achietetd egenvelope
embodiment of t Dl LAVRI |k dine J BV EDRTELES 1EDYCLARE SRy eSi 0
vector is assenbled by inserting the 15 HBV/ HFV chineric envel ope gene

sequences i nto Savexxpr seyFoniyest or HBNat ponicdiefs PReRdNIIEE  pibRotier

h . 0. Pet & : '
nchude a w de SBTTETY OFRUnan oF b0 tmRRal e cGfl Tinotol neraarR. but

not linited to, chlbmnaenthyorscedi andyussl | (HEKRDYe dretdetmanshepat bim
cells (Hep&, Huh7).. The ide ackagi host gell . A ly_pr
| ar ge nunbers ogeﬁg?]vi Eriia%sns a%kszggdoﬁnﬁpblggﬁr}%nh tlfgﬁae I—B%/#%‘%E&neorfcggﬁ&s
envel ope protei aeibd | dai mepduired. ntthedict r@iucafiorBYE gEF6 ne=rexpr @spironsi@b
vect or and HBV/ HFV chi ne i%@fn}\ﬁ oghe. exEr essi on vect orneDIgléS. ;I'fgrggrt_ ]:511@
cells may incl udigEy nﬁ?@ RV NPT | SRS R ST S S e ET T T Rl Ty
Ipri mamég hepat ocyﬁ%l 1a<51§t| c%dkaﬁﬂﬁ@sﬁq_flsheﬁat i% QfdrFofmedi R ﬁdimjmlﬂly nmoit
imted to Hep& cells and Huh7 cells. The. ideal 30 target host, ¢
expresses HFV rBE&pr o) sBAt PEE?OE%@PI%%&E‘G@%' SHpolts I%—H%Wl%m ko
replication stepgjthat-Heppanashigamsetcvp{ts-ic t aghirentlant-@trtyiod4
SUBSTI TUTE SHEET (RULE "26) 9 Decenber 2005
Measuring the infectivity of target cells by HBV can be
'performed by a variety of well-established procedures
15 including, but not limited to the detection of HBV antigens
{e.g. antibody based Westernm blot or ELISA detection), or
HBV nucleic acids {(e.g. PCR, RT-PCR, Northern blot, Southern

blot detection).

20 In a preferred embodiment of this invention, the HBV genome
expression vector and the HFV envelope expression vector are
regulated by the CMV-IE promoter/enhancer. The HBV gendme
contains a luciferase indicator gene. The host packaging cell is
HEK293. The HBV genome expression vector and the HBV/HFV chimerxic

25 envelope expression vectof are introduced into host packaging
cells by calcium-phosphate-DNA precipitation. Five to ten
micrograms of eaéh vector DNA preparation are used. After
transfection, host packaging are incubated for 24-72 hours.
Cells plus culture media are collected and frozen and thawed to

30 release cell-associated virions. The media is centrifuged and
filtered and the filtrate serves as the stock of HBV particles

*
pseudotyped with the HBV/HFV chimeric envelope for infection of

35
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HBV genonme expression vector plus an HBV/ HFV chineric envelDEgembendOSssi on
vector is introduced into host packaging cells. Several days |later, HBV
particles pseudotyped with the 5 HBV/ HFV chi nmeric envel ope produced by the

host packagigwmoeek! s are harvested and used to inocul at e g@angatdest
cells. Several days after inoculation, the infectivity of target <cells is
measur ed- The introduction of HBV genone expression vector and HBV/ HFV

chimeri c emvekopeaypr essilds. vewtor t PNAS: 180kt ad10St ipackagingqgeld g, £an
be perfor ngd by a vari Srﬁy of well-established procedures including, but
not |imted™6°CEL cFEMBhosPhat Y BRA priecidi BRisn atdesl etrfepoam i end

Measuring theikafessi yktyvofy tad gels G8lds By RV &an be . perfonped by a
vari ety of well-established procedures 15 including, but not limted to the

detection 6f PR¢ifStirgensctigify dntossay Basddinssesr mdlllst smrvEsl 85 =
det ection) giQkct HRM AU &I aa%iiﬁ§léergur%cf)g% ﬁhﬁ%{lcwi&ber n blot,

Southern blot detection) . 20 In a preferre ment “of this invention,
t he HBV genone expression vector and the HFV envel ope expression vector
are regul ated by the CW-1E pronot eré pﬁgc‘?‘er. The HBV genonme contains a.
| uci ferase indicator gene. The host packaging cell is HEK293. The HBV
genome expression vector and the HBV/ HFV chinmeric 25 envel ope expression

vector are_li n&ir oduce% i nt o host packagi ng cell's by cal ci um phosphat e- - DNA
preci pi t at 62" e 6% en™eRFEEIRhnsBY ealfivfect DRSDRREIPAFALT i oATsr e

used. 1Aft ekepliansi@ridapRciBPStpPRGKagh RY-S4e)i ncubated for 24--72 hours.
Cells plus culture nedia are collected and frozen and thawed to 30 rel ease

cell-associated virions. The nedia is centrifuged and filtered and the
chi mer i ¢ omuel ope PP T nfect Lar o 38 GUBSH TUTE CHEET CRUCE ey 2 T
reproducibly measuring HBV drug susceptibility and
identifying new/additional inhibitors or HBV replication. This
example further provides the means and wethods for measuring
15 the replicative capacity of HBV that exhibits reduced .
susceptibility - to reverge transcriptase inhibitors, or
drugs/compounds that target other steps in HBV replication. The
means and methods for measuring drug susceptibility and
replicative capacity can be adapted to othexr hepadnaviruses,

20 some o©of which may serve as useful animal models for HEV

digease, for example duck and woodchuck hepadnaviruses.

Drug susceptibility and replicative capacity testing are carxied
out using the means énd methods described in U.S. Patent
No. 6,242,187 and U.S. Serial No. 09/766,344, the contents of
25 which are heréby incorporated herein by reference. HBV drug
susceptibility and replication capacity testing are
performed using "HBV Resistance/Fitness test vectors", "HFV
envelope - packaging vectors®, "paékaging host cells* and
A "target cells" as described.
30
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9 Decenber 2005 WD 03/000872 PCTIUS02/19929 host target cells. The target
host cell is Hep& or Huh7. |Infected cells are |ysed 48-79 Duzenbenf0®s
infection and luciferase activity is neasured-in the cell |ysate. The
anount of luciferase activity detected in infected cells serves as a 5

di rect neagd@o@fs7a Single round of HBV replication. EXAMPcEuSodBbhods for
measuring HBV drug susceptibility and 10 replication capacity {"viral
fitness" }PFakagirgamsls: pEolldedarhé mias andvirdehods ifedy acktuhawnenyoand

reprodUC|b% ﬁgfng'égilHQYﬁgéL&héﬂﬁ gﬁgtlgﬁélﬁéﬁ %HﬁthQQQ;%L%%ﬁ?e$Pﬁyonlc

new addi tional Tnhibitors or HBV repltcation. This exa
provi des thedmeans:ldird (HEKROUS abgr hma:suhmamﬁg:olr@ M¢élsemﬁ¢m,l vailgapadiity of

HBV t hat e%QéQU 58}9#@%%%0 d&ept |e[bl| |t“>{L to reverse tianscrl tase

i nhi bitors, Y argett ofier steps*F A" BV V&P At on.
The neFanSpaendi@taxgma?dsfm‘or vtmaemm g1 tewiches Ushe ptiichi-bitiy: fod  ofepdni caipi/ve

capacity c be ada d to ot hepadnay, ruses, .20 sone_of_ whi ma serve
as usef ul aﬁ??ﬁeﬁ’tarﬂ)& 5P H Stdl Base: fBFAexmg@tduE?sﬁnd:‘%gﬁ

hepadnavi r us€buddr wgiauseepidldid | alyd arelinepnlicad | vengapagiet ysgoeesltﬂlrd@laﬁre
carried  out, usi nght he neans an hods descrl bed in U S, Patent . No.
6, 242, 187 BRHYS hepatogqytRs, /*F@ 134A0°FhelcGRPRRS OF 1Sl mhiReH Udies

her eby I NCREPORGE ethitelRi tdyeped eEence. atB\ieH e BUSCEpl Rigehlly taRdet
replication capaci ty testing are Egerfor med usi ng "HBV Resi stance/ Fi t ness

t est Vet obest el whidke| & 9ssc KEYi K§CoReddr &), pdditagiald Kestagel pad

"target ceky, ngoﬁ‘_s descr hRedi 30136 and sUBSTATULESHERL (RLE 280 Qirus
Decenber

attachment and entry.

HBV Resistance/Fitness test vectors express HBV genes aﬁd are
capable of producing HBV particles following  their

15 introduction into packaging host cells. HBV
Resistance/Fitness test vectors also contain a functiocnal
indicator gene, such as firefly luciferase. The amount of
luciferase activity produced in target cells following

infection is a direct measure of HBV replication. HBV

20 'Reéistance/fitness test vectors are con;tructed with HBV P
gene sequences (encoding reverse transcriptase activity)

derived from a variety of sources. Sources may include

patients samples harboring drug sensitive or drug
re51stant strains of HBV {e.g. lamivudine) , and molecular

25 clones of HBV that possess defined RT sequences that
contain or lack drug resistance associated mutations

(M550V) .

To produce infectious HBV virus particles, packaging host cells,
30 such as HEK293, are co-transfected with HBV Resistance/Fitness
test vector DNA plus HFV envelope packaging vector DNA

described above in Example 1 . The envelope packaging vector
&
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WO 03/000872 PCTI US| 12119929 Packagi ng host cells may include a w de
vari ety of human or nmanmmalian cell lines including, but netDdcemberczbi50
human enbryonic ki dney cells (HEK293) and human hepatona cells (Hep&,
Huh7). The ideal packaging host cell will produce |arge nunbers of 5

pseudot ypedkdiB¥ioys7i ons followi ng the introduction of an HBM;uso2/19929
"Resi st ance/ Fti:t% Ss test} vector" QNA Target host_ cells may, include
Hﬁrlﬁlgsﬁg:

primary cells-and cati=qi5ed" RAg ¢l FFRET13PS pPrABF Y Repar8lyles

and cel |l IgmesTiof hbpat ieccaaiple Nnpoxnel-udivagy) bui net lduiided & oeldqrgggpgel S
and Huh7 cells.. The ideal] target 10 host cell w_I|_ express HFV receptor (s)

on the celPTSUFFHR AN IEHShoReHE G dpinctdared sapsnshat BBY dodn¥Feam

of virus atterhpenprandieat (yoxkBVuRegistanse. /Fhingss LeshaveshohSmy
express HBV genes and, are capabl e of producing HBV particles foIlow ng

their 25 iBfATOHIEET o Fit ot PRlckAGE ngradye=deby s thpBYOREs Psrinsensi crads
test vect oS ahseve@tal Nsa@ & Hnct i&g@% a'EEQS:C%an%%&%'inCQnQS JdJf lt)é

| uci ferase, The ampunt of luciferase activity produced In target cells
fol | owi ng 1Hdct FaRIes Hoakr et lnetilrle BfedBY Flept inay | dncreBye 20iter

Resi stancelf | tigssdiasf VRIN0LSBLeCABSILUEL SO, VARV R oRle seguences
(encoding reverse transcriptase activity) derived froma vari é’ty 0
sources. Setheesiomy tatbate cqddts ents dasplesaivhr borifgrasegasensity vesor
drug ;pesigtant. gtrains of HBV (e.g. lamvudine) , and nol ecul ar 25 clones
of HBV that possess defined RT sequences that contain or |ack drug
resi stance associ ated nutations (M50V) . To produce infectious HBV virus

N th By FER ot i ThedEerRte JesTi DR TGS Baper peL TRt K i
vector DNA dests ihesd above direbxampheute . of heiemveliopeypackagh Ng- actor '
37 SUBSTI TUTE %ﬁ?%L;Q@%%Ei%g ive capacity" or "in vitro fitness", i.e. the
‘ability of the wvirus to complete a single round of

15 replication. Relative fitness is assessed by comparing the
amount of luciferase activity produced by a test virus (e.qg.

RT sequences derived from a patient sample) to the amount of

luciferase activity produced by a well-characterized

reference virus derived from a molecular clone of HBV,

20 HBVayw. Viruses that are "lesgs fit" than the reference

' virus will produce less luciferase after infection of target
cells. Viruses that are "more fit" than the reference virus

will produce more luciferase after infection of target cells.

Fitness measgurements are expressed as a percent of the

25 reference virus, for example 25%, 50%, 75%, 100% or 125% of
reference.
Susceptibility to antiviral drugs {(e.g. reverse transcriptase

inhibitors) 1is assessed by comparing the amount of luciferase
30  activity produced by a test virus (e.g. RT sequences derived from
a patient sample) in the presence of drug to the amount of

luciferase activity produced by the same test wvirus in the
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9 Decenber 2005 WO 03/000872 PCT/US112/19929 nust be capabl e of producing
HFV envel ope proteins; gp80SU, ¢gp48TM (for exanpl e pCXAS- 8iBéeamper, 2005
chineric envel ope proteins containing specific functional domains. of HBV
and HFV envel ope proteins (pCXAS-HBV/ HFVenv). The HFV pseudotyped HBV 5
particles Wdg@lodshat are produced by the host packagi ng celdrsusoai®2o
harvest ed several days_after transfection and used to  infect target host
cel | (cell 3¥FEBTR/ ChaWvly i'CPESSe2EPt FSTHY PEPeali RGORR| FEBE3 oet atees

virions) Sewgtahcdaysnadf {8l orddtf et iRRerbed 08thiGRkE Snakarhy¥sednandenanie
luciferase activity is 10 nmeasured.” The anount of luciferase activity
det ect ed i RCCHEAFRf WA TEHIP of sAgsadaakiw e ridet rapagine ©f al., 1999.

infectivityy; 2l Be reherredite,ass" Leplleald e SaPaght kon0knt Lok M 10
fitness", ie. the ability of the virus to conplete a single round of 15
replicabi odruRelatitiieed ittndedibst d8¥escud2by comianengerHeatappurtelfofred
| uci ferase.,activi b Lr . S e ri
froma pat itgn%!ssg%r%q e gi'?%%?%’e %e l?tr?fe“%?w'l %Pég?%csleong;tfi glg%nf)lr"gﬁg%eéﬂﬁg a
wel | - char aetrer | gedcepeflereend® vier usrder iwed f bem annbbieoag akycl bhe ofaiiBV,
20 HBVayw. Viruses Ehat are Sless fit" than the.reference irus_wl.

V::/L_Er U

pr oduce | eSS T Férade 8Ft é:Flei AT &ct i%0n aofw%lélr_éjgflla%eﬁﬁléz'.ad essentsﬁzg%v%re
"nore fit" reflaneddee viefieri@tewyi Trushiwi bhsepr adacEamRE thecitkbet agsiaf Wikl
i nfection of ta%et .C #Is. Fi t ness measure %ots ar exgrgssed as_a
per cent? of PPheSTENIRLF BN i FUE PBr angf 28%, , T 5% " 00% ot "125%
of referemepliSustaptsbi bty vOradd vinzal Shigst (@e@reakbeBeE8eceptibility
transcriptase inhibitors) is _assessed by cqrrgar_i ng. the anount of
| uci f er ase *802alEiY ity privudced By o8 Pést PHPEST(8ThY RINSEhuERtEs” detiVed
from a pati ept: 528RARI 8 BBAPIBSRNCERE1 €I 48 bR rEbEnddDYRLu8f In this
| uci ferase activity produced by the sane test virus in the 38
case, the I050 of the test virus will be higher than the IC30 of
15 the reference virus. Replication of test wviruses that exhibit
increased susceptibility to a drug will be inhibited at a lower
drug concentration than a well-characterized drug sengitive
reference virus. In this case, the IC50 of the test wvirus will

be lower than the reference virus.

EXAMPLE 4
Methods for Identifying Genetic Mutations Associated with Changes

in HBV Drug Susceptibility And/or Replicative Capacity.

This example provides a means and method for identifyiﬁg

25 mutations in reverse transcriptase that alter HBV drug
Susceptibilitjr and/or replication fitness. The means and

" methods for identifying mutations that alter HBV drug
susceptibility and/or replication fitness can be adapted to

other steps in the HBV replication cycle, including, but

'3'0 not limited to cccDNA formation, virus assembly, and virus‘

egress. This example also provides a means and method for

o
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absence of drug. Viruses are tested over a broad range of dm&gember 2005
concentrations in order to generate inhibition curves that enable accurate
quantitation of drug activity (Petropoulas et al., 1999_ 'Typically, drug

activity |\ Or(,?,g(gog%_ent ed as the concentration of 5 drug reggr/igh/iegr Nhi bit
50% or virus replication, referred to as |IC50 and | C95,
respect i veI y. REPRTERETGW ofhe esffech ushat t FRECiBie SEYEEPR | brestoimtarag

wi Il be inhibitgdrby;the 8808 £PNG fr%ﬂ# rahLon, Of e Ar Ly AS: are%lwcatlva

wel | -characterized drug sensitive erence virus HBVayw. In this cas
the 1C50 of thecﬁﬁétfl’Wr U ygielns @@dbemfemmralq}dynthéymhasafﬁed GS5taof

the reference vi %Eéfl RepLi.& ][a%é ontIQE[ \Llséusglgﬁg@%é exhi bhit decreased
a

susceptibility rug w be n lipeﬁ at er drug TcondentTatd on

than & wel |l -characeptrilzeditdy @@@smapﬂamﬁaeem@wntys cahnbkhisiamase,

the |1 C50 of thetest |rtul%nv&\4II hrh her t han. t he ]ﬁg};e reference
A" exhibft 9ﬁ8?8asé&v‘§ &&eptfoi Yy

virus. Repli cat ron OFFESCW r udhs
to a drug wi |l beplinhitbohedirafludihower cdwl Xcgaeentrati on than a

wel | -characterized drug sensitive reference virus. In this case, the IC50
of the test virus will be lower than the reference virus. 20 EXAMPLE 4

Met hods f orev deséifydme: /Eengkie Mubat omsoAS SO atGitktwhichc€hang@s sci-tbddBY
Dr ug Susceg%cli bility And/ or Replicative Cag %)/ Thi s exanpl e provides a
means A HodFFePCrdet iFXARGS 25 Raitls fifneey drasd VRehES Pprase’

that alterrHRY gHUGnsUSERPILDI bit t Y1 3RY/ Clri6R) | £2l oML {28 88ancH)e i PRAAS
and methods for identifying nmutations that alter HBV drug susceptibility

and/ or repffHatVOIFori PRESS, ciih eistapte/diteesaiiRgt Seepsrs renchacepyt by
replicatiop; €yclf rddpehudhithgdtdsi30 pgt édd’&atl‘ﬁd £9e CLEDNAf, 05 TR 0N, 5L T US

assenbly, a nd virus egress.” This exanple also provides a neans and net hod
f or tested in drug susceptibility and fitness assays to determine

15 -accui’ately and quantitatively the drug susceptibility and relative
fitness compared to a well-characterized reference standard. In
another embodiment of the invention, the drug susceptibility and/or
fitness of the patient virus is compared to viruses collected from
the same patient at different time points, for example prior to

20 dinitiating therapy, before or after changes in drug treatment, or
before or after changes in virologic (RNA copy number), immmnologic
(CD4 T-cells), or clinical (Opportunistic infection) indicators of
disease progression. The results of patient samples can be further
examined for changes in reverse transcriptase activity associated

25 with the observed changes in drug susceptibility and/or relative

fitness.

Reverse transcriptase activity of patient HBV samples

30 Reverse transcriptase activity can be measured by any number of
widely wused assay procedures, including but not limited
to homopolymeric extension (e.qg. oligo dT:poly xC) using

conventicnal or real time ©PCR based on molecular beacons
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quantifying the affect that specific reverse trascriptase 9mdcamben20ddave
on drug susceptibility and/or replicative capacity. A neans and nethod for
guantifying the affect that specfic reverse transcriptase nutations have
on drug 5 \wB9SeeikiDI ity and/or replicative capacity can berademivess to
nmut ati ons in other viral %ﬁne% involved in HEV _replication, in¢luding the

C and X gefeSie498FoResi STANTE/ i t n88s t e3teNBULLFRSAr &EdHSEY ucfktP agnd

descri bed pd@raguhief er enged. i n exanpl endodfReitst anceitibness dasiciveekor s
derived from patient sanples or clones derived fromthe resistance/fitness
test vect ofSPebts, GrATFESTEEATRe/ f PCREES Y est Wect oFS BHfheer B8IBY  site
di rected mytagenesiset 0 sONt aialsgpeci e muiatlhons, ang testedohf-oLUg
susceptibility and fitness assays to determ ne 15 accurately and

quant i toat i ¥t {vithe RIRPSESEEPt MBIERI t Fhahaos@ds WA ol eskassfparedto a
wel | - char agiigtd 2ot gleeeanc dar d- dik spRothen erbodi npat. ol
invention, the drug suscept ?%? I?{'?Ly and/ or L%itnessco?@t e patt]' ent]'hl)é\)flairel?st is
conpar ed tolvipuses cogbbeetedof thm H¥ie Ramectpatitentofata di¢fareme tiims
points, fofi?é(?‘”pl-%ii?é&%é ho 20, i thating thepapy, belolg OVL-F%%E gL shanges
in drug treatnent, or efore or after changes 1n virofogic ( copy
nunber), |mamslogtase( COliditeeld 9, ortledd ni caht{CopEdr t ulingts.c | nf ectliron)
i ndi cators_of _, di sease.progressio The, resul t.s_of. patient sapple an _ be
furtha xrrien Far e e TR Pl Verte ST aNeLy| Heacs Serre, - abBiord ed
25 with thecobsérvedtharigessdsn dblgesusdepiibnl itthe adhar rekatene at
fitness. R(i.vg se transcriptase activity_of Eati eﬂ% HBY sanpl es, 30 Reverse
transcri pt ase Stttvi t yF bePHEESur ed IRF aRy*PRMDe® oY whdel Vused‘dssay
procedur esghéhghydi BEEbHE OOt aft &3t €HangOs henopRLYMBiHee c&XHeNSicaN HeEde

oligo dT:poly rC) using conventional or real tinme PCR based on nol ecul ar
beacons or” after changes in virologic (RNA copy number), immunologic
15 (CDh4 T-cells), or clinical (opportunistic infection)

indicators of disease progression.
Genotypic Analysis of Patient HBV Samples

Resistance/fitness test vector DNAs, either pools or individual

20 clones which make up the pools, are analyzed by any number
of widely practiced genotyping methods {e.g. nucleic acid
sequencing, differential probe hybridization,
oligonucleotide array hybridization) . In one embodiment

of the -dnvention, ' patient HBV sample ' sequences are

25 determined using viral RNA purification, RT/PCR and
dideoxynucleotide chain terminator sequencing. The sequence

that is determined is compared to reference sequences

present in the database, or is compared to a sample from

the patient prior to initiation of therapy, if available. The

30 genotype is examined for sequences that are different from the
reference or pre-treatment sequence and correlated to the

ocbserved change in drug susceptibility and/or zreplicative:
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(reference Kraner?) or 5'exonuclease activity (Lie and Pe9Depembes2005996) .
I n one enbodi nent, virion associated reverse transcriptase activity is
measured using a quantitative PCR assay that detects the 5 exonuclease 5
activity aspasiesed W th thernostabl e DNA pol ynerases. | npomaisogmbodi nent
of the inventior&a he HBV RT activity of the patient virus is conpared to
the HBV RT actiw?y of 'a reference virus (i.e. "wildtype") that has not
been exposed to reverse transcriptase.inhibitors or other antiviral drugs.

In 10 another enbodi ment,..the HBV RT activity is conpared the, HBV RT
activity of¥ver é‘égegg#’é&f-é’&' %%W%‘%ﬁ%‘étﬁeﬁe orptErdat ofi pdte

poi nts, fopiexeugy engebhes to initiating therapy, before or after changes
in drug treatnment, or before or after changes in virologic (RNA copy
nunber), imunologic 15 (CD4 T-cells), or clinical (opportunistic

i nf ectimn) cehdtdifat Gl Ghsease BROGFRASSEOINorERNHY RIHEAPRAYSLS Of upy
Patient HBV Sanpl es Resistance/fitness test vector DNAs, either pools or
indi vidual 20 €réfes SMFCERtARREIEY t HE'dI68] s, rawkleialvezed thynany numiser
of widely pr actgggguzg%}pt I ngAetheds Ge- nucl e ' S ng ~
differential probe hybridi Zati gn, ol é]%nu%?sélot %bgégfr%ifgﬁyb?l I z%?g% °.
I n one enbodi neacntainite itheensbonifipat ireratiHBY samplee sedieadesyarss: 25

determ ned using,yiLal, A RULILTER!T OfLo R/ BCR andy di deoxvnycl goti de.,
chai n term nat of “Sequenci ng. The Sequence that I'S aeFerm ned s torrpargd
to refigrence segusrgedblpr esdntusi n tihe.dat ahidseypor) | sMomaned taya Sanpl e

from the patient prior to initiati of . t her , Lf available. The
P Jr,]nc: rporated alone ancg or in cor%)i ation w:aL'th cthermutations

that are thought to modulate the drug susceptibility

and/or fitness of a virus. Mutations are introduced into

the resistance/fitness test wvectors through any of the

is widely known wmethods for site-directed mutagenesis. In one
embodiment of this invention the wmega-primer PCR method fox
site-directed mutagenesis is used. Resistance/fitness test

vectors containing a specific mutation, or group of
mutations, is tested using the drug susceptibility and/or

20 fitness assays described in Example 3. The fitness of the
mutant virus is compared to that of the reference virus lacking

the specific mutation(s). Observed  changes in drug
susceptibility and/or fitness are attributed to the specific

mutations " introduced into the resistance test vector. In a

25 related embodiment of the invention, resistance/fitness test
vectors c¢ontaining site directed mutations in reverse
transcriptase  that result in amino acid substitutions at

position 550 (MS50V, M550I) are constructed and tested for

drug susceptibility and/or fitness. The fitness results enable

30 the correlation between specific reverse transcriptase amino
acid substituions and changes in drug susceptibility  and/or

fitness.
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30 genotype is exam ned for sequences that are different fromthe
reference or pre-treatnent sequence and correlated to the gdksembed2iObBange
in drug susceptibility and/or replicative 41 SUBSTI TUTE SHEET (RULE 26) 9
Decenber 2005 WO 031000872 PCT/ US02/ 19929 capacity. Drug Susceptibility
and Repl i cgbigyRokizt ness Analysis of Site Directed Mitant schuSemodypi c
changes that are observed to correlate with changes in HBV drug
susceptibility and/or replicative fitness are _evaluated by constructing
resistance/fitness test vectors containi A§tthé specific nutation on a
defined genetic background derived froma well-characterized, drug 10
susceptible virus (i.e. "wldtype") Miutations nmay be I ncor porated al one
and/ or in conbination-with othernutations that are thought to nodul ate the
drug susceptibility and/or fitness of a virus. Mitations are introduced
into the resistance/fitness test vectors through any of the 15 widely
known nmethods for site-directed mitagenesis. In one_ enbodinent of. this
invention the mega-priiner PCR nethod for site- Eﬁrected nutlagenesis is
used. ResjFstarece/ fit nedxpisHEevoyjust [bpamyeBettcitns Mgpedrepieus f i [Belmsnet i on, o

group of { nutations, i'Betes$ted usi rﬁ@ewﬁ? drug siifeessst i bilitlyy and/or 20
fitness .,_;_gm_gsﬁ_mﬂaml_e" scripitesef | t (fdremscoftesehe: nutant virus s
conpared o that of tHe reference virus |acking the specif{5&. YouDAtHawin( $)
Observeld changes injdrug susceptjibility and/ior fitness arie! tH%/lisbderelt o
t he speci aeﬂwﬂ@WQﬂWﬁ§4s "introduced i nto the rekistance tes@LVEﬁfkkqﬂqmﬁl+
25 rel at egxripgsioni nent 'HP*4She | nventjindapengenti st perfginessiati@s§ 30
- reviewed in lineal
Capsid processing !Yes No ' No 1999,
, )
Capsid Nucleic Acidi SF Yu, K Edetmann,
Binding Motit iCis-His Gly-Arg Gly-Arg et'al, 1996
Basic DNA binding _ SF Yu, K Edetmann,
domsin in capsid  {No Yes [Yes et al, 1996
Capsid nuclear AW Schliephake and
localization No Yes Yes A Rethwilm, 1994
| S.F. Yu, DN Baidwin
Nucieic acid in ; et al 1996, S.F Yu,
mature virions lssRNA ssRNA, dsDNA dsDNA 1999
. T. Kamimura et al.,
Virion Assembly - Endoplasmic Endoplasmic 11981, P. Roingeard et
and Budding iPlasma (cell) reticulum {reticulum_ ial., 1990
Env ER Retention {P.A. Goepferi et al,
~dilysine motif’ No - |Yes Yes 11997
Virion jEnvelope Envelope Envelope !Bruss and Ganem
Assembly/Egress lindependent dependent dependent 11991
]
intérnal Promoters I!ND : . Yes Yes T. Lochelt et al, 1863
: : WS Blaic, 1994,
) . . Venkatesh et al ,
Transactivation iYes/No Yes Yes 1992 v
intracellular : reviewed in lineal
Recycling NG [Maybe Yes 1989
All reterences as hcted in the paper. MINIREVIEW Foamy Vll‘USES are Unconventional Retraviruses
. {M L. Lineal, Journal of Virology 73 (3} p 1747 - 1756 {1999)
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vectors containing site directed nutations in reverse transcriptase that
result in amno acid substitutions at position 550 (Mb50VQ CdobMbyr 2005
constructed ‘and tested for drug susceptibility and/or fitness. The fitness
results enable the correlation between specific reverse transcriptase

am no aci dyguBsbistali ons and changes in drug suscepti bilityecradbossnditness.
42 - SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005 WO 03/000872 TABLE |

PCT/ US02/ 19929 Feature Typi cal RetrovirusFoany

Retrovi r usHepadnawd4usRef erence ReverseReverseReverse Viral polymerise
transcri ptasetranscriptasetranscriptase S.F. Yu, DN Baldw n el al 1996,
Jordan et Capsid/ pol yneraseat, 1996, T Lochelt et expressi on

Li nkedl ndependeqti-bpdependent al 1996 - t@gl\{ggm@d i B .hi neal, Gaps d p(:_rrgp,es}_sl ng
" YesNoNo1999. Capsi d Nucl ei ¢ Aci dSF Yu, K Edel mann, 'Bi ngl ng Motif

| G s- Hi sG y- Ar g8y FAcged: aln 15965 Basi ¢/ i0NS bl Adi Fgl §1SFe Yu FIOMEJB| ikmD

domai n 4 n capsi Y, id nu ¥ a
Iocallﬁgtlon Nbgeg%gﬁéé?ﬁ%mnﬁn] 1994Q§£§ J q%ﬁéBglgﬁgyé f@?g ag%)
in,et at 1996, 95F Y@ o Ur €l9Viions ssRNMssRNA, dsDNAdsDNAh999 I T.

Kam nmura et al., Virion Assenbl yEndopl asm cEndopl asm c1981, P. Roi ngeard et
and Budding !Plasma (cell)reticulunreticulumal., 1990
2. Ati, M., G.P. Taylor, R.J. Pitman, D. Parker, A&a.

Rethwilm, R. Cheingesongpopov, J.N. Webber, P.D.
10 Bieniasz, J. Bradley, and M.O. McClure, No Evidence
Of Antibody To Human Foamy Virus In Widespread Human
Populations, Aids Research Human Retroviruses Vol.

12: 1473-1483 (199%96);

15 3. Allan, J.S. et al., Amplification Of Simian
Retrcoviral Sequences from Human Recipients Of Baboon

Liver Transplants, AIDS Research Human Retroviruses,

Vol. 14: 821-824 (1588);

20 4, Baldwin, D. et al, The Roles Of Pol and Env In The
Assembly Pathway of Human Foamy Virus, Journal of

Virology, Vol. 72: 3658-3665 (1998);

5. Baunuch, G. et al., Functional Analysis Of Human
25 Foamy Virus Accessory Reading Frames, Journal of

Virology, Vol. 67: 5411-5418 (1993);

6. Berkowitz, R. et al., RNA Packaging, Immunology, Vol.
214: 177-218 (199%86);
30

7. Bieniasz, P.D. et al., A Comparative Study Of Higher

L
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What is clainmed is: 1. A method for producing. a hepadnavirus virion that
is infectious in vitro which conprises: (a) introducing i abecambed2006i) a
hepadnavi rus genone 5 expression vector and (ii) a foany retrovirus

envel ope expression vector which conprises a nucleic acid encoding at

| east a fnagwendsef a foany virus envel ope protein; and (bgragbiniong the
cell thereby produci ng hepadnavirus virions conprising at |east a fragnent
of a foanyWitr ds di@iesydsope protein, wherein the hepadnavirus virions are
.infectious in vitro. 2. The nethod of claim 1, wherein the hepadnavirus
genone expression vector |acks a nucleic acid encoding a hepadnavirus

envel ope protein,. ..aThe _nmethod of claim1, erein the hepadnaviruys
genone ex%fess?%néggg?%r %%ﬁp %Eggcéﬁgréhg%EBﬁ @%HémfrSH%éoghéggﬂna&Frus
genome sel ect ed itfenridies gmouprrs oMskBt ddigr@kies: a wood chuck hepatitis
virus (W-1V) genone, a ground squirrel hepatitis (GSHV, virus genone, a
duck hepatitis B virus 20 (DHBV) genone, a snow goose hepatitis virus

(SGHV) genone, (zandigcPeuanddepatidi s Byl usi(HBY) 108ReMB .y fus TR JRihod
of claim3, wherein the hepadnavirus genone expression vector conprises a
gene fPom a hufERTREPACTt iCBOTvians (HBY) gefiopdy 2BLEEVSURSTISTWEROSKEET

(RULE 26) 9 'De%%‘&l%é52895v¥9£ﬂ3&99‘9§720§§;gﬁé§0%{ 122 52 achl%f l’%c{]&éﬁ‘rin%f

claim 3,  wherein the hepadnavirus geno expressi on vector
conpri ses an extgensat #efukgnanty cfebefieatny @lrdhenveiloped pfocdaimabd
wherei n the exogenous regul atory el ement

(b)  culturing the cell thereby producing hepadnavirus
virions comprising at least a fragment of a foamy virus
10 envelope protein, wherein the hepadnavirus virions are

infectious in vitro.

2. The method of claim 1, wherein the hepadnavirus genome
expression vector lacks a nucleic acid encoding a

hepadnavirus envelope protein.

15 3. The method of c¢laim 1, wherein the hepadnavirus genome
expression vector comprises at least one gene from a
hepadnavirus genome selected from the group consisting of:
a wood chuck hepatitis virus (WHV) genome, a ground squirrel
hepatitis (GSHV; wvirus genome, a duck hepatitis B virus

20 (DHBV) genome, a snow goose hepatitis virus (SGHV) genome,

and a human hepatitis E virus (HBV) genome.
4. The method of c¢laim 3, wherein the hepadnavirus genome
expression vector comprises a gene from a human hepatitis B

virus (HBV) gencme.
25

58

SUBSTITUTE SHEET (RULE 26)




5 is a human cytonegal ovi rus i mredi ate-early gene pronoter/enhancer
(CW-1F) 7. The nethod of claim1, wherein the foany retro9iDedsmbergidbope
expressi on vector conprises at |least a fragnent of a gene from-a foany
virus genone selected fromthe group 10 consisting of: a siman foany virus

( SFV) geno‘gg,’sﬂ{nggl ine foany virus (FFV) genonme, a bovi nepfpaayMiRus (BFV)
genone, a 4 Ion foany virus (SLFV) genone, a hanpster foany virus

(HaFV) — genome, mandyaciiuirensf oamy i g us (HEY) » 08RRMBheSaantRe BT hpdioRb
claim7, erein the gene encodes an 15 envel ope protein or a fragment

t hereof. 9. Thepetelsedonf vebadm furtiiver eiqnprhecs oanySKegeovUis UEIubairdlope
expr essi on vect %m%%pprises a gene or a fragnent of a gene froma human
foamy virus (H genonme. 10. The nethod of claim9, wherein the gene or
the fragnent of the 20 gene froma human foany virus (HFV) genone encodes

the gpl30env epnvel ope gene product or a fragment thereof. _11. The mnethod
of claim 1% whéréi REtiRg G2l PLAE & i ?Jif‘arif%%e?’l‘c.’g%uiz?‘e%%ﬁ&’h%joe‘rﬁfl@
claimX whereiig bheugel bytsrafriavial Gehbdiatk3eathe g@ichednotet)chmt,
wherein the avian cell avian 59 SUBSTI TUTE SHEET (RULE 26) 9 Decenber 2005
WO 03/ 000872 PCRNISEL! 19929 hepacyte 14. The method of claim 11, wherein
the mammalian cell is a human cell.. 15. The nethod of claim 14, wherein

the human cell is a human 5 enbryonic kidney cell. 16. The nethod of claim
11, wherei A-t heThanmagtihad calfl icdadm29B cefhiereir. e nERHBd SFETEPEFRYA4,

wherein the h i s
erein the uglgﬁv%ﬁgég%h WE%E%%H vOeRat QR eehls 40 18 scThe rrabhed: obs

claim17, wher hepatonma cell 1S an
. a gene from a foamy virus genome selected from the group

10 consisting of: a siman foamy virus (SFV) genome, a feline foamy
virus (FFV) genome, a bovine foawy virus (BFV) genome, a sea
_ lion foamy virus {SLFV) genome, a hampster foamy virus (HaFV)

genome, and a human foamy virus (HFV) genome.

8. The method of c¢laim 7, wherein the gene encodes an
15 - envelope protein or a fragment thereof.
9. The method of claim 1, wherein the foamy retrovirus

envelope expression vector comprises a gene or a fragment of

a gene from a human foamy virus (HFV) genome.

10. The method of claim 9, wherein the gene or the fragment of the
20 gene from a human foamy virus (HFV) genome encodes the

gpl3lenv envelope gehe product or a fragment thereof.

11. The method of claim 1, wherein the cell is a mammalian cell.

25 12. The method of claim 1, wherein the cell is an avian cell.

”13‘“ The method of claim 12, wherein the avian cell avian ,
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Hep&2 cell or an Huh7 cell. 19. A hepadnavirus virion that is infectious in
vitro which conprises at |east a fragnent of a foany retr@\Ddcembee200s ope
protein. 15 20. The hepadnavirus virion of claim 19, wherein the
hepadnavirus virion is isolated. 21. The hepadnavirus virion of claim 19,
wherein the foamks, retrovirus is selected fromthe group GeAfINIARAM Of 1 a
siman foany virus (SFV), a feline foany virus (FFV), a bovine foany 20
virus (BFV), a sea I'gn foamy virus (SLFV) , a hanpster foamny virus
(HaFV), and a h n*roany virus (HFV) . 22. The hepadnavirus virion of
claim19, wherein the hepadnavirus virion conprises a chineric envel ope
protein whicn consists. 60 SUBSTI TUTE SHEET (RULE 26)_9 Decenber 2005 WO
03/ 000872 PET/ U3HS/ 19958 UsSERiT aty OErety i dparprtian /it d§ endel®he
protein domaincamd (ii) a foany virus envel ope protein domain. 23. The
hepadnavi rus vi sion of claim 19, wherein the hepadnavirus virion further
conprises a nucleic acid isolated froma 5 subject infected by a

hepadnavi r4s. 24m-Thedrepadpaviibys Yuli QRe06;¢! 8hd B3naheL £l Nid he AURLi C
acid isolated fromthe subject infected by hepadnavirus encodes a reverse
transcri pt ase. 2BbrwhmEchipariyavelus virion of claim 19, wherein the
hepadnavirus 10 further conprises an indicator nucleic acid. 26. A cel
conprising the hepadnavirus virion of any one of clainms 19 to 25. 27. The
cell of cl dem 2&hewhstébd bhectein 1ls ahemeiml Fad wwidalizg8ceTheited| 29¥
claim 27, wherein ihe manmal ian cell is a 293 29. The cell of claim 27,
wherein the nanﬁ%%lan cell is a human cell. 30. The cell of claim 29,
wherein the human cell is a human ki dney

17. The method of claim 14, wherein the human cell is a human

hepatoma cell.

10 18. The method of claim 17, wherein the human hepatoma cell is an

HepG2 cell or an Huh7 cell.

19. A hepadnavirus virion that 1is infectious in vitro which
comprises at least a fragment of a feoamy retrovirus

envelope protein.

15 20. The hepadnavirus virion of claim 19, wherein the hepadnavirus

virion is isolated.

21. The _hepaénavims virion of claim 19, wherein the Zfoamy
retrovirus is selected from the group consisting of: a siman
foamy virus (SFV}, a feline foamy virus (FFV), a bovine foamy

20 virus (BFV), a sea lion foamy virus (SLFV), a hampster

foamy virus (HaFV), and a human foamy virus (HEV).

22. The hepadnavirus virion of claim 19, wherein the hepadnavirus

virion comprises a chimeric envelope protein whicn consists
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20 cell. 31. The cell of clain129, wherein the human cell is a human

hepat oma cell. 32. A nethod for determi ning susceptibility9fDmcemben2ds 61
SUBSTI TUTE -SHEET (RULE 26) 9 Decenber 2005 5 WO 03/000872 hepadnavi rus drug
whi ch conprises: (a) introducing into a first cell: PCTIUS02/19929 (i) a

hepadnavi rs 96MRME expression vector; .(ii) a nucleic apcduemending at
| east a fragnent of a {oan¥ r&%rovirus envel ope protein, _and (iiié an
bf*cult

i ndi cat or nucl e?eRG ALY ur fngSPRELFIS sB CEITYSF r TN (BYC59M s to

produce hepadnaybddis, Wbl 008) A0 ce)y admXi dg-the: hepadnavbsdis Vi rions
produced in step (b) with a second cell, wherein the anti- hepadnavirus
drug is present with the first <cell or the second cell, or with the first

and seconds cel ipe 15, (hUBARUNIRGLE Ner aMRURt 1 of Hrback able rsigmabvirus
produced by the indicator nucleic acid in the 'second cell, wherein the

amount of detecvabien diughhtrprsipedgers alepenteit 6pdR Hepadrrdi fugm 2
viriondnfectio h d |y e) conparing the anount of
b cobiSlehEns s e Bt

si gnal "nmeasured anount signal measured in the
absence of the drug, wherein a decrease in the anmount of signal neasured

in the preggpceTﬁg ££5% EY9rus virion of claim 23, wherein the nucleic acid

isolated from the subject infected by hepadnavirus encodes a

reverse branscriptase.

25. The hepadnavirus virion of claim 19, wherein the hepadnavirus

i0 further comprises an indicator nucleic acid.

26. A cell comprising the hepadnavirus virion of any cne of claims

19 to 25.
27. The cell of claim 26, wherein the cell is a mammalian cell.
28. The cell of claim 27, wherein the wmammalian cell is a 293
15 cell.
29. The cell of claim 27, wherein the mammalian cell is a humen
cell.

30. The cell of claim 29, wherein the human cell is a human kidney

20 cell.

31. The cell of claim 29, wherein the human cell is a human

hepatoma cell.

32. A method for determining susceptibility for an anti-

L
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i ndi cates susceptibility to the drug and wherein no change in signal
measured or an increase in the anpunt of signal neasured BrDdcembpr 2Bnce
of the drug indicates resistance to the drug. 62 SUBSTI TUTE SHEET ( RULE
26) 9 Decenber 2005 33. The nethod of claim 32, wherein the hepadnavirus
genone expﬁﬁ§§yﬁmwyector of step (a) further conprises a pugl®hgorei d
derived froma rhtlen;tBL . 1 nf %Eewh rhh hepadnavirus. 34. The nethod of claim
33, wherein the e et clxélé?’l AeF I Ved“FRem=E® patient infected with
hepadnavi r us conprlse$ahtzhﬁasﬂwautfagﬁanijﬁﬁsa hﬂman hepatitis E virus
(HBV) gene. 35. The net hod Ia|n1 wherein the ne is:an HBV P gene, an
HCV C gene, an HBV X gene o Haf H pgdﬁ%’ﬁ%ru%G ge nBEROTS OO I SO,
wherein the nucleic acid derived fnamiaipat ments | sheetiedgw &b hepadnavi rus
encodes_reverse transcriptase. 37. The nethod of claim 32, mhereln t he
second Tell is a mammal i an CEAIENEg O TH et FRITH ek (GO VE FUF nPR%S L fe A& i Re

second cell is an avian celdng 39. The nethod of claim 32, wherein the avian
cell is an avian hepacyte. 40. The method of claim 37, wherein the
mammal i an cell is a human' Eeti). o infieamerhadcariel aFhia0, wherein the
human cell is a human enbryonic kidney cell. 42. The nethod of claim 37,

wherein the mammalian cell is a 293 cell. 63 9 Decenber 2005
{b) culturing the first cell from step (a) so as to

produce hepadnavirus virions;

10 (<) admixing the hepadnavirus virions produced in
step (b) with a second cell, wherein the anti-
hepadnavirus drug is present with the first
cell or the second cell, or with the first and

second cell,

15 (d) measuring the amount of detectable signal
produced by the indicator nucleic acid in the
gecond cell, wherein the amount of detectable
signal produced is dependent upon hepadnavirus

virion infection of the second cell; and

20 (e) comparing the amount of signal measured in step
~{(d) with tne amount signal meaéured in the absence
of the drug, wherein a decrease in the amount of
signal measured in the presence of the drug
indicates susceptibility to the drug and wherein

25 no change in signal measured or an increase in the
amount of signal measured in the presence of the

drug indicates resistance to the drug.
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WD 03/ 000872 PCT/ US02/ 19929 43. The nethod of claim40, wherein the human
cell is a hunman hepatona cell. 44. The nethod of cl ai m 439 Dédvemben2ddie
human hepatoma cell is an Hep& cell or an Huh7 cell. 5 45. The method of
claim 32, wherein the foany retrovirus is selected fromthe group
consisting of: a siman foany virus (SFV), a feline foany virus (FFV), a
bovi ne foany vizgus A(BF\VhetbdsSest | tDAih 03RyY Whebsi StY) hepabtmagister foany

virus (HaFV), and aek}l%rr{lan f(}){ame/ Vi rus V(HIEV): 1% 46 eThe g)eth éjrt(?fce claim
32, wherein the nuclBC%ci FBFESFEH (HCF) BhcodéSa (PL3okH"Ehvel ope
protein. 47. The netdrgrobes| & MmB2leiwheaeid theiwai| éronaei dedfiesttep (a)

(i) encodes a chimer{genugl P&H{eﬁ%ﬁhgﬂ’ﬂf.h consists 15 essentially or
0

(i) a hepatitis B virus envel ope protein main and (ii) a foamy virus
envel ope protein donmain. 48. The nethod of claim 32, wherein the second

cell exF’resses.szx‘.’”zghggi‘ékflé‘&eo% %][19&{? %3"‘“&@:91&“%?9%Qléf’@”!{ci’&.“JS

envel ope protein. met hod Tor détérmning replication capacity of a
hepadnavi rus from aderifett édopati eatiennpindiaiggd (va)th Mapedneivhgus nto a
first cell: (i) a hepadnaviru enone expression vector; (i .phucl ei c

aci d encoding at Iegg’flp]élsfersagak S35 azérﬁglf‘%réﬁryoﬁ/eﬁ rlbl"{/nliaflugl%ﬁ\gé&o e
protein, and 64 SUBSTTtiiE @HEEETgER E 26) 9 Decenber 2005 WO 031000872
PCT/ US(12119929 (iii) an indicator nucleic acid; (b) culturing the cell
from(a) so as to produce hepadnavirus virions; (c) adm xing the

hepadnavi rus vissi,ongnLpr gdugsd b &t e (Bherein the gene is an HBV P

gene, an HCV C gene, an HBV X gene or an HBV S gene.

36. The method of c¢laim 34, wherein the nucleic acid
derived from a patient infected with hepadnavirus

encodes reverse transcriptase.

37. The method of claim 32, wherein the second cell 1is a

mammalian cell.

38. The method of c¢laim 32, wherein the second cell is

an avian cell.

39. The method of claim 32, wherein the avian

cell is an avian hepacyte.

40. The method of c¢laim 37, wherein the mammalian cell

is a human cell.

41. The method of claim 40, wherein the human cell is a

human embryonic kidney cell.

42. The method of c¢laim 37, wherein the mammalian cell

is a 293 cell.
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5 wth a second cell, (d) nmeasuring the amount of detectable signa

produced by the indicator nucleic acid in the second cel |l g Desbmber 2005he
anount of -detectable signal produced is dependent upon hepadnavirus virion
infection of the 10 second cell; (e) normalizing the neasurenent of step
(d) ; and {pHoseeEpari ng the normalized nmeasurenment of stepcijsomidl the
anount signal neasured mggn steps (a) through ( % are carrjed, out with a
control refdrend@C1 B ESTRLi %m ﬁﬁergpﬁ’ﬁhnlﬁ FeBeE T nCetynhF RohpEred
20 to the contrekpingdizcates an increased replication capacity and a
decrease in S|gna? measured conpared to the control indicates a decreased
replication capacity of the hepadnavirus fromthe infected patlent
hepadnavi rug dr 4gWhieehog0BRr L3ESm £9; ﬁ‘é@ﬂpq:ﬁé)rh\ﬂ%tne%%@teg
susceptibility for an anti (a) introducing into a cell: 65 SUBSTITUTE SHEET
(RULE 26) 9 Decewb&ep@d0s:llwor0dr 0ob372=RCT/ US02/ 19929 (i) a hepadnavirus
genone expression vector; 5 (ii) a nucleic acid encoding at |east a
fragnent of a foany retrovirus envelope protein, and (iii) an indicator

nucl ei & aci4d;. (bTheukethpdg dfhecleehl For,omlstepn( d)he (£yamgonteictawigusheizel |

with the antl_hgﬁgfgg@gdwg%omp%%%;g%gup consisting of: a siman foamy virus
(sFV}, a feline foamy wvirus (FFV), a bovine foamy virus
(BFV), a sea lion foamy virus (SLFV), a hampster foamy virus

(HaFV}, and a human foamy virus (HFV).

10
46 . The method of claim 32, wherein the nucleic acid of step
{a} (i) encodes a gpl3lenv envelope protein.
47 . The method of claim 32, wherein the nucleic acid of step
{a) (i) encodes a chimeric envelope protein which consists
15 egsentially or (i) a hepatitis B wvirus envelope protein
domain and (ii) a foamy virus envelope protein domain.
48. The method of claim 32, wherein the second cell expresses
on its surface a protein which binds “human foamy virus
‘envelope protein.
20 - 49. A method for determining replication capacity of a
hepadnavirus from an infected patient comprising:
(a) introducing into a first cell:
(i) a hepadnavirus genome expression vector;
(ii) a nucleic acid encoding at least a fragment of
25 . a foamy retrovirus envelope protein, and

4]
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:15 20 (d) neasuring the anmobunt of detectable signal produced by the

i ndicator nucleic acid in the cell; and (e) conparing the gmDisnbef2@sgnal
measured in step (d) with the ampbunt signal nmeasured in the absence of
the drug, wherein a decrease in the anmount of signal neasured in the
presence Qg ¢lM@sArug indicates susceptibility to the drugcrresd/ivderein no
change in signal neasured or an increase in the anount of signal-neasured
in the presence of the drug indicates resistance to the drug. 25 51. The
met hod of clai m 50, whéikian whdiwitnrt hecleépagiavi rus genome expression
vector of step (a) further conprises a nucleic acid derived froma patient
infected wwth hepadnavirus. 52. The nethod of claimb51, wherein the
nucl ei ¢ aci d dervwed 6 tSUBST| TRIFEE SHEET (fRURE 26) 9sDecesbeko 2005°dwemn a
patient infected with hepadnavirus, conprises at |east a fragnment of a
human hepatitis B vi ﬁ@x%ﬁ VAU YEMET 3. The nethod of claim52, wherein the
gene is an HBV P gene or an HBV C gene. 54. A nethod for identifying a
nmutati on in a hepadnavirus nucleic acid, that caonfers Qﬁﬁggtance

anti- hepadnavi r'§e dra3ffHATPe hEROnTESREY RIS SEGdeht RE-tHre héﬁa&ﬁ%ﬁi?gé

nucleig acid prior t9:Hse Rbctdeanti- hepadnavirus drug; b) neasuring
susceptibility of the hepadnavirus sequenced in step (a) to the drug

according to the nethod. of
(d) measuring the amcunt of detectable signal produced by

the indicator nucleic acid in the second cell,
wherein the amount of detectable signal produced is
dependent upon hepadnavirus virion infection of the

10 second cell;

(e) normalizing the measurement of step (d); and

(f) comparing the normalized measurement of step (e} with

the amount signal measured when steps (a) through (d)

are carried out with a control reference

15 o hepadnavirus, wherein an increase in signal compared
to the control indicates an increased replication

capacity and a decrease in signal measured compared to

the control indicates a decreased replication
capacity of - the hepadnévirus from the infected

20 patient.
50. A method for determining susceptibility for an anti-

hepadnavirus drug which couprises:

(a) introducing into a cell: ' S
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decrease in the susceptibility of the hepadnavirus to the Dicegberziosr ed
in step (b); (d) comparing the sequence determned in step (a) with the
sequence of the hepadnavirus follow ng the exposure to the drug of step
(c) so as womdaaid fy a nutation in the hepadnavirus nuckeraisoaepn t hat
confers resistance to the anti-hepadnavirus drug. 55. The nethod of claim
54, wherein neasuring step (b) conprises nmeasuring susceptibility of the
hepadnavi rus sequenced in step (a) to the anti-hepadnavirus drug
according to the nmethod of( %] aign 3Epagpavirus genome expressicon vector;

{(1ii) a nucleic acid encoding at -least a
fragment of a foamy retrovirus envelope
5 ' protein, and

{iii} an indicator nucleic acid;
{b} culturing the cell from step (a);

() contacting the c¢ell with the anti-hepadnavirus

drg;
10

{d) measuring the amount of detectable signal produced
by the indicator nucleic acid in the cell; and
i5 (e} comparing the amount of signal measured in step
(d) with the amount signal measured in the
absence of the drug, wherein a decrease in the
amount of signal measured in the presence of
the drug indicates susceptibility to the drug
20 and wherein no change in signal measured or an
increase in the amount of signal-measured in
the presence of the drug indicates resistance

to the drug.

25 51. The method of claim 50, wherein wherein the hepadnavirus
genome expression vector of step (a) further comprises a
nucleic acid derived from a patient infected with

hepadnavirus.

52. The method of claim 51, wherein the nucleic acid derived
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53.

54.

55.

9 December 2005

from a patient infected with hepadnavirus comprises at

least a fragment of a human hepatitis B virus ({(HBV) gene.

The method of claim 52, wherein the gene is an HBV P gene

or an HBV C gene.

A method for identifying a mutation in a hepadnavirus
nucleic acid that confers resistance to an anti-
hepadnavirus drug which comprises:

a) sequencing the hepadnavirus nucleic
acid prior to use of the anti-
hepadnavirus drug;

b) measuring susceptibility of the
hepadnavirus sequenced in step (a) to
the drug according to the method of
claim 50;

(c) exposing the hepadnavirus to the drug
so as to produce a decrease in the
susceptibility of the hepadnavirus to

the drug measured in step (b):

(d) comparing the sequence determined in

step (a) with the sequence of the
hepadnavirus following the exposure to
the drug of step {c) so as to identify
almutation in the hepadnavirus nucleic
acid that confers resistance to the

anti-hepadnavirus drug.

The method of c¢laim 54, wherein measuring step (b}

comprises measuring susceptibility of the hepadnavirus

- sequenced in step (a) to the anti-hepadnavirus drug

according to the method of claim 32.
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