24 November 2005 -1 INTERNALISATION OF VIRUS INTO CELLS Field of the Invention 5 The
present invention relates to viral infection. In particular the invention relates%'\éoiﬂ?%hz(qggigned to
promote viral entry into cells, cells and a non-human transgenic animal comprising such a protein and
a method of infecting such cells and animals with a_yirus. The invention also relates to methods for
testing and screening anti-viral agents. 10 Background of the Invention In order for a virus to establish
an infection, it must first enter a cell. Human immunodeficiency virus type 1 (HIV-1) infection, for
example, involves binding of the viral envelope protein gp120/160 to cell surface CD4 molecules
followed by 15 interactions with gQqereptQri JAE| eRuUls i frsign Rfftbecdgl and cellular
membranes. HIV-1 virus uptake can be reconstituted in heterologous cell lines by the co-expression
of CD4 and the respective chemokine receptor, suggesting that cell- type and species specific
infection is largedycstereningdritidhe level mediated by the viral receptors. 20 The mechanisms by
which other viruses enter cells are less well understood and no proper cell-based systems are

available.For example'er¥BeRRIYRAHRD (RIREsH) I HBLIGHREHORn ¢t Baritss ek & F¥eR i bressed on the
cell surface ofr1RRIBYIRBNIA HeSIGRIOITAbRIO MrERrARIS RINe FelR B ER&InRARGIating viral

entry is controversial as CD81 is widely expressed on cell surfaces and thus, 25 cannot explain virus

tropism to heﬁé@ﬂwf@i& ABRBbGEMPRIYAN AUSIHA RISSeNIAT] U?éh%ﬁﬁé?féqli@gééméféﬁé“ﬁﬁotgins,
over-expressigRipfA AN LRa3. MAshRGMaBRURPelkIesalest Rt ysiaBsantving &QEdRmgY viruses,
the cellular receptors are even less well characterized. The process of receptor-mediated
endocytosis, RPYiER @8RBtaternalize 30 their plasma membrane together with molecules bound to
cell surfagge receptors, have been implicated as the route of cell entry by several viruses including

rabies, herpes, _
Background of the Invention

In order for a virus to establish an infection, it must first enter a cell. Human
immunodeficiency virus type 1 (HIV-1) infection, for example, involves binding of
the viral envelope protein gp120/160 to cell surface CD4 molecules followed by

15  interactions with a coreceptor. This results in fusion of the viral and cellular
membranes. HIV-1 virus uptake can be reconstituted in heterologous cell lines by the
co-expression of CD4 and the respective chemokine receptor, suggesting that cell-
type and species specific infection is largely determined at the level mediated by the
viral receptors.

20 The mechanisms by which other viruses enter cells are less well understood
and no proper cell-based systems are available. For example, hepatitis C virus
(HCV) is thought to bind to CD81 receptors expressed on the cell surface of
hepatocytes via the structural protein E2, although the role of CD81 in mediating
viral entry is controversial as CD81 is widely expressed on cell surfaces and thus,

25  cannot explain virus tropism to hepatocytes. Moreover, in cell fusion assays that use
chimeric HCV envelope proteins, over-expression of human CD81 has been shown
not to affect cell fusion activity. For many viruses, the cellular receptors are even
less well characterized.

The process of receptor-mediated endocytosis, by which cells internalize

30 their plasma membrane together with molecules bound to cell surface receptors, have

been implicated as the route of cell entry by several viruses including rabies, herpes,



24 November 2005 Semliki Forest, African swine fever and HIV viruses. However, it has been reported
that CD81 has a poor internalization efficiency and this may be one of the rezélgg%\ée'(}gﬁgfzow
CD81-overexpressing cells are only moderately permissive and can not be reproducibly infected by
HCV. 5 Constitutively cycling receptors such as the tgansferrin receptor (TFR) and low density
lipoprotein receptor (LDLR) are constitutively clustered in coated pits and can be rapidly internalized,
transported to the acidic endosome and finally recycled back to the cell surface. The constitutive

internalisation S &hHYEELBFHGaN e feueh HAEINANLAGEH SIBWAIKSIn!HNER REABAEROHEE domains.
These 10 intetRalisBRNRIgaGoR AR HILiesMETAEI SttyCiH RN oHily thosdmaay srNi&seRsycling

properties to proteins that are not normally endocytosed. Summary of the Invention The present
invention is ba¥BY QQ%éOHﬁEﬁW?ﬁ%{P%‘?ﬁﬁﬁ?éﬁ@'&be@ﬂ%@%@n?ﬁ%fﬁﬂv&rﬁ@%‘?%é‘%Il?ﬁ domain capable
of binding to anyiésl@islpmRtRaalpfac\nternalisation domain enables virus to enter cells in which it
is expressed and thus enables viral infection to be established. In particular, the present inventors

h
have engineered enGORGIBYIVENCHARMBISFRPIATE AT SErEE ST IThELSRMATHIR) GNthe
mmunoglobulipgais B AOE A ECRS NIt aRssopRITIRRRbagies A ecdRdiplayed on the
ocytosis. The i

cell surface and undergo en nventors have shown that these cell surface antibodies

can bind HIV- EAERMDRAaRIGH AFATRAUASIH BIPRIAG 4 UM 3R e arteraBIafid i e virus into a
human kidneyegllcitehARIeRiNO Be 1R RABS THV SRR VRMRERRHEAGSA NGk RBAEhIaSTIC

receptors by linking either the N or C-terminus of CD81 with cytoplasmic domains 25 of the transferrin

receptor (TFRISAREASY s8Rl spbopreignalsddbesr QrionlraMie slosrdively Ta8enhave found that the
CD81 chigergspmatiOfiter srieIRalEURGHIRIRREVHRRMIGHYRE (hRGkay LoHieF riagdygntors have

shown that the internalization efficiencies of these receptors is correlated with infectivity of cultured
liver cells that RiiePeRHs & pretadiisghatiaes DRIeypalby erieriiesetba1 receptors by 30 HCV virions

produced by a tetracycline-inducible cell culture system. 24 November 2005

Summary of the Invention

The present invention is based on the finding that a chimeric protein
15 comprising an extracellular domain capable of binding to a virus and an intracellular
internalisation domain enables virus to enter cells in which it is expressed and thus
enables viral infection to be established. In particular, the present inventors have
engineered endocytosis and membrane anchoring signals into the C-terminus of the
immunoglobulin heavy chain and have shown that these chimeric antibodies are
20  displayed on the cell surface and undergo endocytosis. The inventors have shown
that these cell surface antibodies can bind HIV-1 virus with high affinity which
binding results in the internalization of the virus into a human kidney cell line.
In addition, the present inventors have constructed two CD81 chimeric
receptors by linking either the N or C-terminus of CD81 with cytoplasmic domains
25  of the transferrin receptor (TFR) or the low density lipoprotein receptor (LDLR),
respectively and have found that the CD81 chimeras have better internalization
efficiency than wild-type CD81. Further, the inventors have shown that the
internalization efficiencies of these receptors is correlated with infectivity of cultured
liver cells that are over-expressing either wild-type or chimeric CD81 receptors by

30 HCV virions produced by a tetracycline-inducible cell culture system.



Cells and non-human transgenic animals expressing such chimeric proteins_are useful in methods for
identifying novel pharmaceutical agents. These agents may be used in the ?ﬁéY%f‘é\EHFé Mo
prophylactic treatment of viral infections. Accordingly, the present invention provides: 5 - a chimeric
transmembrane protein comprising: (i) an extracellulgr domain capable of binding a virus; and (ii) an
intracellular internalisation signal; - a polynucleotide encoding a protein of the invention; - a vector
comprising a polynucleotide of the invention; 10 - a cell comprising a protein,rgp llgnucle_otide or vector

- € O]
of the invention: - a cefll AP RGN YO IEAASIR te ARVRHE SAPUGRTEN SUFRLIHABL PRI virus that is

capable of bingiggdersiaie reaipdy; ftiaBsRMG ROVeNRAM AR TIoA CATBMEISTI S GelrMs theyinvention; a
method for identify#r%g an anti-viral agent, said method comprising: 15 (i) providing a cell expressing a
C

protein of the PR/EFRIBI SreAMERPRUHSAN R REgRRVdASH MIEAALBRTHIAEMY A ERCERBPessing a protein of

the invention, which geltpaiagisnahisprieeFeRAVEitich YiFrewiddd: contacting said cell or animal with a test
agent; and (iii) monitoring viral infection; 20 thereby determining whether the test agent has anti-viral

activity: afmethod fordGBHIRIAY AR RRMBTARERCLHE QMRS M Eapable of preventing or inhibiting viral

infection, which methgy corngpris@sicéilRER\ieing PGBl RIasHIia RaVRiRINAk the invention or a
non-human transgenic animal comprising a cell expressing a protein of the invention; 25 (ii) contacting

said cell or animal witH)a teS"dgEAce(lHaEIRtERHGESR LN%r animal with a virus capable of binding to
said protein; and (iv)y &ﬂ%ﬂd@%@b@iﬁg% [etan R EYEEHE R, limits viral infection. 24

November 2005 -4 Brief Description of the Drawings
- a vector comprising a polynucleotide of the invention;

0 - a cell comprising a protein, polynucleotide or vector of the invention;

- a cell comprising a protein of the invention, which cell is infected with a
virus that is capable of binding to said protein;

- a transgenic non-human animal comprising a cell of the invention;

- a method for identifying an anti-viral agent, said method comprising:

15 (1) providing a cell expressing a protein of the invention or a non-human
transgenic animal comprising a cell expressing a protein of the invention, which cell
or animal is infected with a virus;

(i) contacting said cell or animal with a test agent; and
(ili))  monitoring viral infection;

20 thereby determining whether the test agent has anti-viral activity;

- a method for identifying an anti-viral vaccine or agent capable of preventing
or inhibiting viral infection, which method comprises:

(1) providing a cell expressing a protein of the invention or a non-human
transgenic animal comprising a cell expressing a protein of the invention;

25 (i) contacting said cell or animal with a test agent;

(iii)  contacting said cell or animal with a virus capable of binding to said
protein; and

(iv)  determining whether the test agent prevents or limits viral infection.



Fig. 1A is a schematic diagram showing the membrane topologies of wild- type CD81%transferrin
receptors (TFR) and low density lipoprotein receptors (LDLR), and the pred%tgla\‘(% %69(% of CD81
chimeras. 6 and v represent 5 cytoplasmic domains of LDLR and TFR, respectively, that were fused to
CD81 to form chimeric receptors. Fig. IB shows the_gesults of FACScan analysis of the surface
expression of CD81, transferrin and LDL receptors in parental Huh7 and stably transfected Huh7

& (unfilled histograms). Filled histograms represented
staining by phycoerythrin-conjugated antibody only. 293T cells expressing endogenqus receptors

were used as positivE 4’813 SEREMAUGH(REr AR SRANIRY SpevBsBReaR APV SIEE R iNtinhalization of
anti- 15 CD81t§‘ﬁ@@@‘i§t¥éﬂ§f€}¢hw@@?fﬁimmﬁ&1@Wd@r@iﬁl IgSepPotem ¢etkhtopie represents both

surface-bound and internalized antibody after IivinE cells were allowed to endocytose antibody for 1 h

at 37 C. Only ihBR)iAY IHE Rt qted faPaiecies ol sA8 helimarascia dnssh \MRISESEd to remove all
surface-bgundc%atétp&q% FREESSIAN ILIRTARPHHIRT RSALIRRAF hPIRIRIPuddaRd G ysasyised for

normalization. ig. 3 shows the rate of down modulation and re-expression of both wild-type and
chimeric CD8fa@@&ptBIey 6r1aeRPEBR. surface of Huh7 stable clones as determined by FACScan

analysis. Surface expression of CD81 receptors was determined after the cells were incubated with
an anti-CD81 antibodyGtlErsbos Hiffépemisipt &L Goaananadydisafitensaracmexysstpivih anti-cbsi

antibody and pitygeepsuiErdm SRNUSPRE GRS R RMRHERT ME3niyarassrbts warzhen

computed for each time-point. Fig. 4A shows that under non-reducing conditions, E2 exists mainly as

high molecul908fyHeSldfyresataineraHpReciia R EedistlgatEk Bty A ini OfoPhédi-In the
presence of radyeiRg aRibed b IBRIBIGHHise0R|BIRER JHMAMINBRE RS AfHRGAted E2 protein

was expressed in 293T cells and detected using an anti-myc 24 November 2005 antibody as the
protein was fuBistPtamalyEitles Aisteareme ranrrsentasHiRinbegI g ywngcoerythrin-conjugated

antibody only. 293T cells expressing endogenous receptors were used as positive

controls.

Fig. 2 shows the results of western analysis of the internalization of anti-
15  CD@81 antibodies via wild-type and chimeric CD81. Total IgG in the cell lysate
represents both surface-bound and internalized antibody after living cells were
allowed to endocytose antibody for 1 h at 37 °C. Only internalized 1gG was left in
the cell lysate after an acid wash was used to remove all surface-bound antibody.

Expression of intracellular heat shock 70 protein, Hsp70, was used for normalization.

20 Fig. 3 shows the rate of down modulation and re-expression of both wild-type
and chimeric CD8L1 receptors on the cell surface of Huh7 stable clones as determined
by FACScan analysis. Surface expression of CD81 receptors was determined after
the cells were incubated with an anti-CD81 antibody at 37 °C for different times,
washed extensively and incubated with anti-CD81 antibody and phycoerythrin-

25  conjugated goat anti-mouse IgG. Mean fluorescence was then computed for each

time-point.

Fig. 4A shows that under non-reducing conditions, E2 exists mainly as high
molecular weight aggregates with only a small percentage existing as monomers. In
the presence of reducing agent, all aggregates dissociated to form monomers.

30  Truncated E2 protein was expressed in 293T cells and detected using an anti-myc



transfected with vector only. Fig. 4B illustrates the binding of truncated E2 protein to Huh7 stable
clones overexpressing wild-type or chimeric CD81 which was observed aﬁoélngﬁe ciRas 5
overlaid onto monolayers of cells at 37 C for 4 h. No binding of E2 to untransfected Huh7 cells was
observed. Beta-actin expression showed equal loaging of total cell lysate. Fig. 5 shows the results of
RT-PCR which was performed to assay for the presence of viral transcripts in the culture media from
Huh7 cells stably expressing an 10 inducible full length HCV genome. Positive RT-PCR products
were observaatipogylasrterpratainurasJeneditaa - te@ atithgucderminateteriyeline owsrelays (after
antibody Ca%FEf\Q’&Qd”\mhﬁ?e p'laﬂgx) and these products were still observed after treatment with
DNasel and RNaseA. No product was observed if the cells were not induced with tetracycline. 15 Fig.

6 shows the resultsFog 148 RInsrasieidhnging pétfoneatetts 2psetpifoiothisingreieblfcel @sfesiral transcripts
in Huh7 stab e infacti ' = howed a low
amount of vi#’gllﬁ {?ﬁlﬁ%m ﬁﬁﬁé%@%@\&ﬁg&?g }ﬁ’%ﬁ%@%@?’% E&ﬁ%&&%gm%\gLR and

Huh7-CBb81-¢VEAR dexpoansingayells abdatiitatidn c(e fzedl Heldal d midbwg o HRBstandtrairsfiecttdand viral
RNA 20 co d tg Huh7-CD81WT, indicating an increase in,viral uptake and replication in these
ele. conm S R b e Ao R R R B R o A o el
transfected Wydatthe HCV full-length genome. Fig. 7A shows the results of viral infection experiments.

3o oo R B e B R R e aman
ceII_s were owekﬁnbwﬁhvmctMrmmiiameterrtteIWeid ﬁbmﬁufﬂamehb\mmlwemkany@myc
tere. prlino L BUETB At dF AN A% ) (o REEA5 BEAarE ERe 28 o of ifectious
media. On theiletinerredixdfrarh bisstm¢rnd @ebriiratineu aitio ety elinatr Bidege (BR281 antibody
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treatment with DNasel and RNaseA. No product was observed if the cells were not
induced with tetracycline.
15 Fig. 6 shows the results of the RT-PCR which was performed to assay for the
presence of viral transcripts in Huh7 stables clones after they were exposed to
infectious media. Huh7-CD81WT showed a low amount of viral transcript while none
was detected in parental Huh7 cells. Huh7-CD81-ALDLR and Huh7-CD81-ATFR
expressing cells exhibited increased levels of both plus and minus strand viral RNA
20 compared to Huh7-CD81WT, indicating an increase in viral uptake and replication in
these cells. Cellular GAPDH was used for normalization and positive control was
done using RNA from cells transfected with the HCV full-length genome.
Fig. 7A shows the results of viral infection experiments. Lanes 2 to 4: No viral
transcripts were observed in Huh7-CD81WT cells overlaid with infectious media that
25  has been pre-cleared with an anti-E2 antibody, while viral transcripts were observed
when the cells were overlaid with infectious media not pre-cleared or pre-cleared with
control anti-c-myc antibody. Lanes 5 and 6: No viral transcripts were observed in
Huh7-CD81WT cells when the cells were pre-incubated with an anti-human CD81
antibody (anti-hCD81) before the addition of infectious media. On the other hand,



were overlaid with non-infectious media. Fig. 7B shows the results of blocking experiments performed
on Huh7-CD81- 5 ATFR cells. Pre-clearing with anti-E2 prevented infectio?|4( N gl‘?.oilowever,
infection of HUh7-CD81-ATFR was not blocked by anti-human CD81 antibody (lane 5) presumably
because of the higher internalization efficiency of G81-ATFR chimeric receptor compared to
wild-type CD81. Fig. 8 shows the partial sequences of IgH (A) and IgL (B) chains isolated from 10
hybridoma 902 showing the open reading frame and the variable regions. N-terminal sequences of
the mature pREgditigRiteMVBERD AdmeLsS e Enamig et (@ntienriedlFid ont sieaishRe results of

wester analfsit BTN MIEHBtAPELL RSEaRRIECHHIG SaRbeIE G kiFG Ay (containing

secreted/extracellular proteins) and cell lysate (intracellular protein releas sis) from
transiently 19verarsferdeddiwihwerafretiobateddidth protein A/G beads and bound IgH and IgL were

detected by westeraangiysin o FAUREG SR gt serrsis o Ao the culure

medium and they were associated with each other since capturing IgH with protein eads also
pulled dewn AJIFRroedmsP feecl ealisgnaribfeatied Ayitavigiteduntfettionefianky Bit0l g H-NOWBIBP R or

IgH-ALDLR), the heavy chali re d 20 infracellularly, indicatin ggﬁ%{he were associated with
a0 el I iy ol i s Uy
transfected wﬂbr&bmmm&lﬁ,@@f ﬂ?ﬂiﬁﬁ%ﬁﬁﬁmﬁuﬂﬂéh%ﬁﬁiléﬂéﬁ@ﬁf@lmimfman fluorescence of
the cells was the same as untransfected cells. In contrast, cells transfected with IgL and chimeric IgH

(IgH-ACI-MEPHNSF i IaCARIBH FOuIEere ¥4lAibPafeRA ¥ uorescence, indicating that the antibodies

were expressed onghe gelloRKr{REPartish %@h@&%ﬁ%ﬁ%ﬂf&ﬂ%@f(B?@NM@‘i@digféHqu@iﬁ‘ antibodies
in cell 24 November 2005 lysates of stable clones of 293 cells transfected with IgL and IgH-ACI-M6PR

or IgH-RLDINRDH9ME e Shardadberareiscar ve Stame nE s iRl e @uip 20 biedeign Hiv-1

MCO9IIIBAT gdrfieicuy Bf thahafaemk RaeReRIREIPHRIEshAr ReRBHBRgISR: tmaeaigkgd into culture
medium by hybridoma 902 or by 293T cells transiently S
Fig. 9A shows the results of western analysis indicating that IgH and IgL

associated with each other. Culture medium (containing secreted/extracellular
proteins) and cell lysate (intracellular protein released by cell lysis) from transiently

15  transfected cells were incubated with protein A/G beads and bound IgH and IgL were
detected by western analysis. Cells transfected with IgL and IgH secreted both chains
into the culture medium and they were associated with each other since capturing IgH
with protein A/G beads also pulled down IgL proteins. For cells transfected with IgL
and chimeric IgH (IgH-ACI-MG6PR or IgH-ALDLR), the heavy chains were found

20  intracellularly, indicating that they were associated with the membranes.

Fig. 9B shows the results of FACScan analysis illustrating that cells
transiently transfected with IgL and IgH did not express antibody on the cell surface,
as the mean fluorescence of the cells was the same as untransfected cells. In contrast,
cells transfected with IgL and chimeric IgH (IgH-ACI-M6PR or IgH-ALDLR) showed

25  high mean fluorescence, indicating that the antibodies were expressed on the cell
surface.

Fig. 9C shows the expression of heavy and light chain antibodies in cell



transfected with IgL and IgH captured onto protein A/G beads. No virus was detected when culture
medium from cells transfected with IgH only was used. Fig. 11A shows the%%?@gé%hzgg%himeric
antibodies on the cell surfaces of stable clones of 293 cells transfected with IgL and IgH-ACI-M6PR
(clone 9) or IgH- 10 ALDLR (clone 10) as determined by FACScan analysis using an anti-mouse FITC
conjugated F(ab")2 antibody (unfilled histograms). Filled histograms represented unstained cells.
Untransfected cells were used as control. Fig. 11B shows PMA-induction of luciferase activities in
stably transféyselds 20 stagld-oAaies R B Icells Opasiitstadtavithflgltionddghi the btk gplgdirus, HIV 15
strain HBX2 T de Landau, J.Virol. 69, 4587-4592, 1995), which contains a luciferase reporter gene
inserted into'the nef gene. Infected 293-IgH-ACI-MPR cells that were not treated with PMA did not
show luciferase actRigy 10l dittratestrenstedtedf (Widiermana9Ss gi-déieQlgR1@iqrest ) ivells showed

ignificant lycif tivity, 20 Figure. 12 shaws the internalization and replication of HCV i
Fih7 TR It b BIG ORI AT F R A0 PRER HO R0 R 1 SSBACBPORIE tramscripts i

Huh7 stgblesrtasiaftesihan WRReKpYIRtRicerITBr oddeVedniasiasdranents (A and B).
Cellular GAPDH mRNA was used to check that similar number of cells was used in the experiments

(panel 11). (AVA0RERCHSE WAl Gle ADS S0EL FUNHEPELPSLR AP IR BHY A REAER NP JYHH A U8 IRTERt of positive

strand HCV A& cupereeteaian ifdivbeld tRrsiagkelimbgtnailipwagiaerafected Huh7 and Huht-
CD81WT cells (panel I:i)ositive strand RT-PCR products visualized under UV light after ethidium

bromide staining). Niéath e I8 EXPEERRON A6 AIUBericaRtibe Yanoring oal stiFtaeed 81 cells
(negative strapg|RdoResDPrad\¢eifs tiaHaeas witleIdy i Bigveni e rRARIbaBIR e @thidium

bromide staining (panel I1l) and analyzed by Southern blot with a specific probe (panel 1V)). (B) No
positive®r négaive fttanel \d)asteigtrionipesl e feA dérattetaly s tisingfat aadi tagvee HURZ-CD81 WT or

oo, < GRS AN R A Bl oo brnon
before overlayistgioedteal leely)pasthntedteaHsl WReTeRCR psedntel was
Fig. 11B shows PMA-induction of luciferase activities in stably transfected
293-1gH-ACI-MPR (clone 9) cells after infection with the pseudotype-virus, HIV
15  strain HBX2 (He and Landau, J.Virol. 69, 4587-4592, 1995), which contains a
luciferase reporter gene inserted into the nef gene. Infected 293-1gH-ACI-MPR cells
that were not treated with PMA did not show luciferase activity. Neither
untransfected (UNT) nor 293-IgH-ALDLR (clone 10) cells showed significant
luciferase activity.
20 Figure. 12 shows the internalization and replication of HCV in Huh7-TfR-
CD81 cells. Nested RT-PCR was performed to assay for the presence of viral
transcripts in Huh7 stables clones after they were exposed to sera from two HCV-
infected patients (A and B). Cellular GAPDH mRNA was used to check that similar
number of cells was used in the experiments (panel I1). (A) After the cells were
25  exposed to serum from patient A, a significant amount of positive strand HCV RNA
was detected in Huh7-TfR-CD81 cells but not in untransfected Huh7 and Huh7-
CD81WT cells (panel I, positive strand RT-PCR products visualized under UV light
after ethidium bromide staining). Negative strand HCV RNA was also detected only
in Huh7-TfR-CD81 cells (negative strand RT-PCR products visualized under UV



observed in Huh7-TfR-CD81 but not in untransfected Huh7 and Huh7-CD81WT cel&g (/(20.05%
deoxychloate, lanes 4-6, panel 1). Negative strand RT-PCR can be detected NRUEP ﬁaﬁt after
ethidium bromide staining (panel Ill) and by Southern 10 blot analysis (panel 1V), only for
Huh7-TfR-CD81 cells. (C) Positive strand RT- PCRgoroducts from Huh7-TfR-CD81 cells that were
overlaid with the serum from patient A or B, were ligated into pCRII-TOPO vector and sequenced from
both directions. Sequences were aligned and compared with the corresponding 5' non- coding region

from represenntgivatisaitiem. i GNrRiddetagang RadbI (Narraizawad byesalideMIsIbBaithlH5-1113,
1991; GenBank accession number M58335) and HCV- 1 for genotype la (Choo et al., PNAS USA 88,

2451-2455, 1968 ATREHPARREELSI0 AFHUNARASIIES £5 PP IRIING SIS HH (ARG IBIErEBK are
represented BycaRd MisMAiRbRSde-RATefNEeS g NYMBeRngFritme erltba ek refer to the

nucleotide positions in HCV-BK. 20 Figure 13 shows that internalization of HCV particles was

abolished whiSHUBHiem: REIEH Biaasiiect BMpeHY RO W 1ay Qi hece i tmbagutAreaimsdioverlay

experiments gHRw-5) FAakre 174ndR/1E MBS SEHIM WRiD lratirnid Wi ezen at - 80 C and
later, thawed again for these experiments. (A) Serum was immunoprecéoated with an anti-HCV E2

antibody or a#RREYETYEAMEEENG PHEGAYIG 98 Eisried KA HYERIANEEB hESHSPRAEFH4SKing, RNA was

extracted froghHag, dimNPrESRIErRA ¥ RIaNVERTAsfEieratRT dHansuior-Beggsence of positive
strand HCV RNA. Some HCV RNA were immunoprecipated by both antibodies (neat, lanes 2 and 6)

but significan®s}!p10-80%)desrechleaieriNnesvre PRIGhH 1 NGIRLIEDSHANE &I GReB B8 9) than
anti-c-myc anfiaqyo((#rRe B0 RhtRfie? StRBIRE YFERRE: WaIRi ﬁ&%@%@ﬂaw@%? HRRNA

immunoprecipated ;ﬁ‘/{a}nti-EZ antibody was 24 November 2005 diluted IOX and"30X but no RT-PCR
product$fobsBlRiednfhysihtRanahyy bty & 1 uie SER1 RiidhselisN AChBAREMF a8 38R in lane 1 (bp

represents bagenaisal S irdhd HifhR RS EBEPERRI AT RS WiesECSRIMPRIHYe Strand viral

transcripts in Huh7 stables clones after they were exposed to serum from patients A. Positive 5 strand

RT-PCR prodhatienivarer &b eetrbidatedunte PRREDOPQayReWy and s9avenceBam Ptk (lane 1) cells but
not in untrangfgetgd s U {lRRE R Iy fiddRRd Wopared with the corresponding 5’ non-

coding region from representative isolates, HCV-BK for genotype 1b (Takamizawa

15 etal, J. Virol 65, 1105-1113, 1991; GenBank accession number M58335) and HCV-
1 for genotype 1a (Choo et al., PNAS USA 88, 2451-2455, 1991; GenBank
accession number M62321). Nucleotides matching to HCV-BK are represented by -
and mismatches are boxed. Nucleotide numberings shown on the left refer to the
nucleotide positions in HCV-BK.

20 Figure 13 shows that internalization of HCV particles was abolished when
patient serum was pre-cleared with an anti-HCV E2 antibody. After the overlay
experiments shown in Figure 12A, the remaining serum from patient A was refrozen
at — 80 °C and later, thawed again for these experiments. (A) Serum was
immunoprecipated with an anti-HCV E2 antibody or anti-c-myc antibody (negative

25  control) and protein A/G beads. After washing, RNA was extracted from the
immuno-complexes and analyzed at different dilutions for the presence of positive
strand HCV RNA. Some HCV RNA were immunoprecipated by both antibodies
(neat, lanes 2 and 6) but significantly (10-30X) more HCV RNA were bound to anti-
E2 antibody (lanes 6 to 9) than anti-c-myc antibody (lanes 2 to 5). RT-PCR products

30  were still detected when the RNA immunoprecipated by anti-E2 antibody was



cells (lane 3). No positive strand RT-PCR products was observed in Huh7-TfR- CD81 cells overlaid
with serum that was pre-cleared with an anti-HCV E2 antibody (lane 5), Wﬁﬁé\lﬁéﬂgﬁ & &3nd RT-PCR
products were observed when the cells were 10 overlaid with serum that was pre-cleared with control
anti-c-myc antibody (lane 6). Detailed Description @f.the Invention The present invention provides a
chimeric transmembrane protein comprising or, in some embodiments, consisting essentially of: 15 (i)
an extracellular domain capable of binding a virus; and (ii) an intracellular internalisation signal. The

protein may GRIMRHSHR aHDED RUMPRGFIE RCRNBIEAERPSISR Ve Biraftiec-ARrOggestipatypeptides.
Preferably, the protein . comprises a single polypeptide or two associated polypeptides. 20 Where the

protein compl§ee AP PN Ao kBTiuES 18red inane LERRECREERLEDHEREPHEY cdRbrise a
transmembfawﬁ@'ﬂfwasBBﬁcﬁ?ﬁé@%M@dy@@Mﬂ@pﬁ%nﬁéﬁbW&%ﬂ@ﬁ@ﬁﬂﬁméﬂiﬁéﬁgﬂiﬁt@”m may be
part of the same polypeptide or ma}/F be present on associated polypeptides. Association of two or

more polypepBddd fpHelaR claresaTIAN IS VR RIRASSHY SRl R AP SO RREW Woly peptides. 25
Extracellylar Qemainrircatiassliiansernsisrisganallfrot Bding 2(dres) Big lug may be a DNA

virus or a RNA virus. It may be a single-stranded virus or a double-stranded virus. The virus may be a

flovivirus, picEtA&likiRL{%a6ikl SR AR UryBriRARY Bt {0 e ektrhdehtagt Wdmain to a
virus occurs By| {9486 89N NBoe5 MG aXEAERITIPTCHROPGH MYt A Whsd Rt GenerRly, this viral

protein will be 24 November 2005 -10 expressed on the cell-surface of the virus. For example, where

the virus is HRP#eCtlla s RIBVEB PRI IR VSEREsrCIsasAs vuilly 2 palhiE eVikiong Redyp120/160.
Where the vifys s Gni iR RiRCE I8 ERPeR srdmiealle canaiicde winine: el kavdiéhere the virus

is influenza A virus, the extracellular domain is typically 5 capable of binding to hemagglutinin. Where
the virudls heMseigimBlesetiudhatiavas,aracavied Woaan s annYa SaBROGY bR to
glycoprotein C. Where the

Detailed Description of the Invention

The present invention provides a chimeric transmembrane protein comprising
or, in some embodiments, consisting essentially of:

15 (1) an extracellular domain capable of binding a virus; and

(i) anintracellular internalisation signal.

The protein may comprise a single polypeptide or may comprise two or more
associated polypeptides. Preferably, the protein comprises a single polypeptide or
two associated polypeptides.

20 Where the protein comprises two or more polypeptides, one or more of the
polypeptides may comprise a transmembrane domain. The extracellular domain and
the intracellular internalisation signal may be part of the same polypeptide or may be
present on associated polypeptides. Association of two or more polypeptides
typically results in the constitutive internalisation of all associated polypeptides.

25  Extracellular Domain

An extracellular domain is capable of binding a virus. The virus may be a
DNA virus or a RNA virus. It may be a single-stranded virus or a double-stranded
virus. The virus may be a flovivirus, picornavirus, myxovirus or herpes virus.

Typically binding of the extracellular domain to a virus occurs by interaction

30 of the extracellular domain with a viral protein. Generally, this viral protein will be



virus is a rhinovirus, the extracellular domain is typically capable of binding to external proteins VPs.
Where the virus is Epstein-Barr virus, the extracellular domain is typically 85&5’3@@%&8%9 to
glycoprotein gp350. 10 The ability of the extracellular domain to bind to a virus can be determined
using any suitable assay. Typically, the ability of thesextracellular domain to bind to a virus will be
determined by monitoring binding of the extracellular domain to a viral protein. Numerous methods for
monitoring protein/protein interactions are known in the art, such as a co-precipitation, co-purification

and overlay asgpysed o it exfraceiisab PeRiFuNBbERARG|SIE, ahartipedyreria Hragement thereof.
Preferably, the extracellular domain comprises a fragment of an antibody, which _fragment is capable

of specifical\PHiRGRIY 1 SURaphibmpRiAnsS¥RAcalY Sanab!eATRIRd G K arLAR/ Wfds" to a protein
when it bindsypdiaiieiesiemnial QCRiohealiinivelfu iederaigindeypitiny daisapre@iitrdiifres not

substantially bind, not 20 bind, or binds with only low affinity to other proteins. A variety of protocols for

competitive drtdiNynFeHiHHEP 8 GeRREaRA AN (8 SteFATRIEHARIGHRA RIS YREALY capability of an
antibodysare wielBWHMERAE KeardgeXFMRIpHAdRONiRIAS HeroubiMaex 4586l ll-1226, 1993).

Such immonoassays typically involve the formation of complexes between the specific protein and its

antibody and®¥E08] lylandaraiieisitypicaHypraraRlaabndiag iR 8 I¥CoridIsHY Graffhestéticlude Fv, Fab
and Fab’ fragiiegte angisinaigsciirie.anidendigsabirainrrtnibagripasi tremenyarable of binding

to a virus comprises a variable region of a heavy chain and a variable region of a light chain. Typically
the heavy arffghtl AHaIADRM s PRI YENIHSERNS) TRV Bitd NG itsaesWkairal 30 protein. 24

November 2Qfpqzld €SNy HRhednb e tRgmakidisgship a transmembrane domain.

Typically, the light chain fragment has no transmembrane domain and is associated with the heavy

chain vi#’non-covaldheiién g rbepxirmeaticlis deranerBingd tad \HESLABMSIHeAIeRR chain will be
associated bﬁﬁ\?&?ﬁ/%ﬁﬁaﬁiﬁlﬁ&@@eﬂ%&mﬁ% HiliejPrRERiRA DRy G Eagtoeite @ the light and

heavy chains both contain one T _
a virus will be determined by monitoring binding of the extracellular domain to a

viral protein. Numerous methods for monitoring protein/protein interactions are
known in the art, such as a co-precipitation, co-purification and overlay assays.

15 The extracellular domain may comprise an antibody, or a fragment thereof.
Preferably, the extracellular domain comprises a fragment of an antibody, which
fragment is capable of specifically binding to a viral protein. An antibody, or other
protein, “specifically binds” to a protein when it binds with preferential or high
affinity to the protein for which it is specific but does not substantially bind, not

20  bind, or binds with only low affinity to other proteins. A variety of protocols for
competitive binding or immunoradiometric assays to determine the specific binding
capability of an antibody are well know in the art (see for example Maddox et al, J.
Exp. Med. 158,1211-1226, 1993). Such immonoassays typically involve the
formation of complexes between the specific protein and its antibody and the

25  measurement of complex formation. Suitable antibody fragments include Fv, Fab
and Fab’ fragments and single-chain antibodies.

Preferably the antibody fragment capable of binding to a virus comprises a
variable region of a heavy chain and a variable region of a light chain. Typically the
heavy and light chains are associated such that they form a binding site for a viral

30 protein.



or more cysteine residues that form disulphide bonds in the whole antibody molecule. The
extracellular domain may comprise a cell surface receptor or a fragment e DY IR 5 3¢ binding to
a virus. Any cell surface protein which recognises and 10 binds to a virus, preferably to a specific
protein on the surface of the virus may form the extracellular domain. For example where the virus is
HIV the cell surface receptor is CD4 and where the virus is HCV the cell surface receptor is CD81,
where the virus is influenza A virus the receptor is sialic acid, where the virus in Herpes simplex virus

the receptor is glycqsareiapg/treRdaopataiinskindda: Wheseitheatiaisisehib RRE@ibm the receptor is
ICAM-1 and where the virus is Epstein-Barr virus the receptor is C3d. A protein of the invention may

comprise intrd¥RIFALY -4he 9aheaEh g AL ?@ﬁ%ﬂ@f%%@@@géﬂt& paeigiaen to

extracellular yegiensHeanmy H?%ifﬁ@%ﬁﬁ@h—&@tf@l@ﬁﬂ\dk@téﬂﬂm@i@iR%&M@ﬁ@ﬁ@ﬁ@bﬁémmfﬂi@in of the
invention comprises an extracellular internalisation signal. The term internalisation signal refers to a

region of a pAKESIAE AridIREraevilltRe: RS HAGE RS RGP Rt HPRIee PRth BHst a protein

comprisigg “‘t'l‘ieﬂéfbl@?ﬁéifé?réﬁgi% ﬂﬁe@&@“’éﬁf%‘ﬂtﬂ@ﬁ@ﬁ'&?ﬂ%@é{vﬁﬂ%ﬁyw c¥hgtinBesent on the
cell surface. A protein comprising an 25 internalisation signal is typically constitutively recycled
between the @hﬂ@é?ﬁds@é?ﬁﬁ%t&#@ﬁf%é% ¢isH IR0 IR RONER imiBENAekdMIBRMAI typically comprises
a 4 or 6 residygudgenalisation motif in which the chemical and spatial pattern of critical residues is
consistent with tight turn structure. Such motifs typically contain an aromatic amino-terminal 30

residue and either ah"8r&xHage! bMan A BIHRBhSHRPEARTOE) e RN PEeRIRIOTRULEAIE N ove mber

2005 -12 signaiscae sl IKnawihdidg o3 ifds exaip pig L il I Wi GBIl 344 7- 3253 and
Trowbridge (1991) Current Opinion in Cell Biology, 3, 634-641. The intracellular internalisation signal

is typicalfy a Sigeafaramras coséerrlydR aspgeilia Pelepton BacHrfase pidhe inelsdBay [Biensity

lipoprotein e extracellular domain. For example where the virus is HIV the cell surface

receptor is CD4 and where the virus is HCV the cell surface receptor is CD81, where

the virus is influenza A virus the receptor is sialic acid, where the virus in Herpes

simplex virus the receptor is glycosaminoglycan heparan sulphate, where the virus is

15  Rhinovirus the receptor is ICAM-1 and where the virus is Epstein-Barr virus the
receptor is C3d. A protein of the invention may comprise intracellular and
transmembrane regions from a cell surface receptor in addition to extracellular
regions from the receptor.

Intracellular Domain

20 A transmembrane protein of the invention comprises an extracellular
internalisation signal. The term internalisation signal refers to a region of a
polypeptide which interacts with the endocytotic machinery in a cell such that a
protein comprising this polypeptide region is constitutively internalised by
endocytosis when present on the cell surface. A protein comprising an

25 internalisation signal is typically constitutively recycled between the endocytic
compartment and the cell surface.

An internalisation signal typically comprises a 4 or 6 residue internalisation
motif in which the chemical and spatial pattern of critical residues is consistent with
tight turn structure. Such motifs typically contain an aromatic amino-terminal

30 residue and either an aromatic or large hydrophobic carboxy-terminal residue. Such



5 receptor (LDLR), the transferin receptor (TER), a cation-dependent mannose-6 phosgphate receptor
(CD-Man-6-PR), a cation-independent mannose-6-phosophate receptor (éﬁM%YP— bgF@ ,%e poly Ig
receptor and the asialo glycoprotein receptor (ASGPR). The intracellular domain of a protein of the
invention may comprise the entire 10 intracellular gemain of a constitutively recycling receptor or a
fragment thereof. The transmembrane region of a protein of the invention may also be derived from a
constitutively recycling receptor. A fragment of a constitutively recycling receptor typically comprises

at least one isigfaR|iFatios |S@ban R eherablYdhedingnaentos! om(1ow 8 B D Q. agigzam. length, for
example, from 5, 6, 7, 8, 9 or 10 to 20, 25, 30 15 or.35 amino acids. The intracellular domain of a

protein of theSRREARST rlﬂ‘é(?@i'ﬂﬁrsili%%i&qyé@ﬂéﬁ@@%fi%@%r%ﬂﬁﬂ%@ FeéyBfthg receptor and a

fragment of a secondh@qnﬁéﬁéﬂimmﬁ@gy@i@gtr@pgi?m. iSUgbl IR ineditaiTraaellular domain will
typically contain at least one internalisation signal from each recycling receptor. 20 Internalisation of a

protein of the®ARAMHHOYEMAS el ebTarRRiEd RSRRGIES 1RG1 e B &My drs LY HRERMBIAcell expressing
the protein torarABHPOBY AU AFALTGRTRRISAAle HRS DiadraitherRiiasaliiadamain of the

protein, incubating the cell with the extracellular antibody or virus, washing to remove surface bound

antibody or \AR9SCRNABIELERRIATIAG thiMamnenRit of iFREPRAINSISACASRBBBR IR PORABBALE 25 after a 1
hour incubati%épgfﬁ(@]amgg%/opf@ﬁ gq@gag!;q%@@pm%ﬁ(pﬂ@ RS g]%gbp'ig%],pfé@w@,than 60% of the
i a

protein is internalised. Preferably more than 70%, for example more than 80% or more than 90% of
the protein is(h&PR&Ised after 1 hour. Polynucleotide The invention also provides a polynucleotide

encoding a protein f{fé,#adeVRRHAaBmARER A BRYtEIR AR TIRERGR Ny EdANAsE IR @MY the
polynucleotide 24 November 2005 -13 is DNA. The polynucleotide is typically isolated. A

polynuciéoticetsresttaialamaie ahacanertwaCLRGYA DEETEREH ef & jsreremighaiecmyERtion. The
present invenHoR SRR A Of STHOBINAIHS IR BBMRIASR0 be derived from a

constitutively recycling receptor. A fragment of a constitutively recycling receptor
typically comprises at least one internalisation signal. Preferably the fragment is
from 4 to 40 amino acids in length, for example, from 5, 6, 7, 8, 9 or 10 to 20, 25, 30

15  or 35amino acids.

The intracellular domain of a protein of the invention may comprise a
fragment of a first constitutively recycling receptor and a fragment of a second
constitutively recycling receptor. Such a chimeric intracellular domain will typically
contain at least one internalisation signal from each recycling receptor.

20 Internalisation of a protein of the invention may be determined, for example,
by exposing the surface of a cell expressing the protein to an antibody, virus or other
molecule which binds to the extracellular domain of the protein, incubating the cell
with the extracellular antibody or virus, washing to remove surface bound antibody
or virus and determining the amount of internalised anitbody or virus. Typically,

25  after a 1 hour incubation more than 30%, for example more than 40%, more than
50% or more than 60% of the protein is internalised. Preferably more than 70%, for
example more than 80% or more than 90% of the protein is internalised after 1 hour.

Polynucleotide

The invention also provides a polynucleotide encoding a protein of the

30 invention. The polynucleotide may be RNA or DNA. Preferably the polynucleotide



polynucleotide encoding a protein of the invention. Such expression vectors are 5 routinel

constructed in the art of molecular biology and may, for example, involve t%'ﬁ%@@%‘ﬂlag id DNA and
appropriate initiators, promoters, enhancers and other elements, such as for example polyadenylation
signals which may be necessary, and which are pgsitioned in the correct orientation, in order to allow
for protein expression. By way of further example in this regard we refer to Sambrook et al, 10 1989,
Molecular Cloning: A Laboratory Manual, 2nd Edition, CSH Laboratory Press. Preferably a

polynucleotidg piNjae M@ Rz IRORILY tsprRdnR Rlylbrie dipofyaosEaligedeestamyviiahds capable of
providing for the expression of the coding sequence by the host cell. The term "operably linked" refers

to a juxta pod MR EASIHIHE dBRISGHENRS QLB HENE MM ship permitting them to function

15 in their intended mMRpieseht IREAHALATHISETHENES SHSTEsSRR RIQDISBht @RbAkla linked" to a coding
sequence is positioned In such a way that expression of the coding sequence is achieved under

conditions coPRPAMSIENAR BRETGaIATISeEEELERdBVEHIONe H8TE RYRIEBUIDVESARSIE, plasmid, virus

or phagesvectgysiRvidastrdadith @R AN rBligasL RPARNAN) 2F e eRapislcfantapexpression of
the said polynucleotide and OSBtionally a regulator of the promoter. The vectors may contain one or

more selectale 5@ Afd D RYA SRS ARREORR AR HBTHEL Fo SERIIIE 3 B ancTe 2R NsF bacterial
plasmid. Veckpsmpagy S kasFonexdRpiopsamaladasiigymeduatiaal, B AcesstdiA gigised to

transfect or transform a host cell, for 25 example, in a mammalian host cell. Promoters and other
expression reWuiEtiaie SRIHRNSHLD Kie saIERTber teNFEI Mo MU EBIEaRtiPhEORBERIBEN for which expression

is designed. Rygfesably tRg st ofelirtfcr Sxampialinth StbgMaTaaiept8rosmbRISk sah as (3-actin

promoters, may be used. Tissue-specific promoters are prc%-gerred. Viral promoters, which are readily

30 availtble i Mieleparidenieoudebiaraioraisreuahe MefiHey. (MaHneabetaemiBress - November
2005 -14 Viral LongplefgripR SaRAa dMO4tiNe ok he thERGSIS iRaGatR MiBpedRRMInkifRgPromoter, the

SV40 promoter, the human Cytomégalovirus (CMV) IF promoter and
a control sequence which is capable of providing for the expression of the coding

sequence by the host cell. The term “operably linked” refers to a juxta position
wherein the components described are in a relationship permitting them to function

15 intheir intended manner. A regulatory sequence, such as a promoter, “operably
linked” to a coding sequence is positioned in such a way that expression of the
coding sequence is achieved under conditions compatible with the regulatory
sequence.

The vectors may be for example, plasmid, virus or phage vectors provided

20  with an origin of replication, optionally a promoter for the expression of the said
polynucleotide and optionally a regulator of the promoter. The vectors may contain
one or more selectable marker genes, for example an antibiotic resistance gene in the
case of bacterial plasmid. Vectors may be used in vitro, for example for the
production of DNA or RNA or used to transfect or transform a host cell, for

25  example, in a mammalian host cell.

Promoters and other expression regulation signals may be selected to be
compatible with the host cell for which expression is designed. Preferably the host
cell is a mammalian cell. Mammalian promoters, such as -actin promoters, may be
used. Tissue-specific promoters are preferred. Viral promoters, which are readily

30 available in the art, may also be used. For example, the Moloney Murine Leukemia



HSV promoters. Cells 5 The invention also include cells that have been modified to express a protein
of the invention. The cells are typically provided in vitro. A culture of cells n«’réWBéée’BPSK/%SE. Such cells
are preferably mammalian cells, such as mouse cells, human cells or other primate cells. Particular
examples of cells which may be modified by insertian of vectors encoding for a polypeptide of the
invention into mammalian 10 HEK293, HEK293T, CHO, Hela, BHK, 323, COS, Huh7, HepG2 and
U937 cells. A cell line may be transiently transfected or is preferably stably transfected. Generally,

the cell line witl @llpwn@TeahindfiRpe £ XMRASIPN PRINENPIRERINS A ERHLYRIGSERIY/R IPTRein of the
invention is typically obtained by transfectinr%]a cell with a vector of the invention and maintaining the

cell under 1P URLHLHESIMAD IR PRV iR BB edOBE GH ML s YR It RFRBAKS A¥lso includes a
cell expressingss/piidi«b the invention which cell is bound to or infected with the virus to which the
extracellular domain of a protein of the invention expressed in said cell is capable of binding. A cell
expressing tf@ﬁﬂéotein of the invention may be infected with a virus by contacting the 20 cell with a

virus under conditionssifiahgoiPRIBRINK RS bR e &R ai oM R theekpresdigprdibi viral infection

of the cell may be detected by any suitable means. For example, following viral exposure the virus

bound on thed§ et &itioRell Reiellsere HBiralopravidesar iiEd MhEWErs piAtepR PR abilised and
stained with aR,AaEROQYIdR (BR\AFESIErEIERG ridvliSeediiatsDay aaRBnséeIRaliaafknto the cell. 25

Transgenic Animals A protein of the invention may be expressed in cells of a transgenic non- human
animal. The #8HsgEABaIGHLIMar &l knilartisuasiexaniea dgstiewbishmanke irdd¥medical

research and ﬂ%é?fﬁfﬁfﬁ@&?o@%%@%%ﬁﬂlpﬁ%@&lﬁ@ﬂW@'%J@H}dﬁﬁﬁl@ﬁﬂam&ﬁf imates and
in

rodents. It is preferred that an animal of the vention is a rodent, particularly a mouse, rat, guinea
pig, ferré?, gembikai98ahste? I3, bVl BB 132/ 6P prétebdblyenanitddy 88 Helisvention is a

mouse. A cell line may be transiently transfected or is preferably stably transfected.

Generally, the cell line will allow for cell surface expression of the protein.
A cell expressing a protein of the invention is typically obtained by
transfecting a cell with a vector of the invention and maintaining the cell under
15  conditions suitable for obtaining expression of the protein.
The invention also includes a cell expressing a protein of the invention which
cell is bound to or infected with the virus to which the extracellular domain of a
protein of the invention expressed in said cell is capable of binding. A cell
expressing the protein of the invention may be infected with a virus by contacting the
20  cell with a virus under conditions suitable for binding of the virus to the protein of
the invention. The viral infection of the cell may be detected by any suitable means.
For example, following viral exposure the virus bound on the surface of a cell may
be removed by acid wash and the cells may be permeabilised and stained with an
antibody to the virus to detect any viruses that have been internalised into the cell.

25  Transgenic Animals

A protein of the invention may be expressed in cells of a transgenic non-
human animal. The transgenic non-human animal is typically of a species commonly
used in biomedical research and is preferably a laboratory strain. Suitable animals
include non-human primates and rodents. It is preferred that an animal of the

30 invention is a rodent, particularly a mouse, rat, guinea pig, ferret, gerbil or hamster.



A non-human transgenic animal of the invention may be generated using any appropriate protocol. A
suitable method comprises: (i) making a suitable cell of the invention; 5 (ii) %%B\R/?ﬁ@%ﬁrezggﬁ to develop
into an animal of the invention; and (iii) optionally, breeding the animal true. An expression vector of
the invention may be introduced into a non-human_jgnimal embryo by micro-injection. Or alternatively,
embryonic stem cells may be used. Whichever approach is taken, transgenic animals are then
generated. The 10 founder animals that are obtained can be bred. The pro-nuclear microinjection
method is préfastioreiienalilic hraanéoed od thienverditiors srimgested into the pronucleus of a fertilized

ocyte of a non-hum imal. & ransaenic animal can be analysed far the presence of
polynucleotide of t%?%&eﬁ%@rﬁér@ﬂs%&éﬁﬁﬁ an;ﬁ5 fscﬁfeaﬁ\éeafg&ﬁoﬁg y%%é]ﬁ?%ggnuﬁ]cggm froman 15
animal is screppegpusiegrBtoed britnsrigablthagioddarigitde coding sequence. The results are typically
confirmed by blotting.the geré%ir(]: %lélﬂaitgﬁ%ncte tF o?cfﬁciet%% i~ Imrples and probing with a radio-labeled
polynucleotide of th }nvention. Xpression’of a protein 0 {A& invention in cells of a transgenic animal
can be determined (@ging iatlowimgiticdtoedl teatevielop Sritr axampid eising ianeatitf: @la) 20 antibody or
an antibody to the e@tﬁacellul r dPg[n ir; o&a}] cﬂ' Sé”lfagiﬁ Feceptor which comprises the extracellular
domain of a protein Pihe PRIEHION: RS s% ARORhUHSan animal of the invention may be infected
with a virus, which Yrusxsressp@ble cib bofdheginodingoaxtrag el kiradiocsimod a myoteumah the invention

hich i ' Il of th ' imal. A ic 25.anjmal be infected with
Vit by oxpOITEAS ORI DY S L RNB, KA A SRR comprise.

infectious senggieNanchéemappasher isrntdeiedranigeiiciacindiRgue themagonemtinfecTibus tissue culture
preparation such as infected cells or supernatent from ap in vitro culture or an.infectious RNA 30
oreparation. TORIBRG AU CEb A RALaRARAE.Er ot LA et DKM ARIAL For xample.
the animal maethedrifgsiefdrindntraudoous/seiecttdnhefitverRibNpvajpbed 24085he pronucleus
of a fertilized ocyte of a non-human animal.
A transgenic animal can be analysed for the presence of a polynucleotide of
the invention (transgene) in any suitable fashion. Typically, genetic DNA from an
15  animal is screened using PCR primers in the polynucleotide coding sequence. The
results are typically confirmed by blotting the genetic DNA from the positive
samples and probing with a radio-labeled polynucleotide of the invention.
Expression of a protein of the invention in cells of a transgenic animal can be
determined using immunoblotting techniques for example using an anti-F(ab”)
20 antibody or an antibody to the extracellular domain of a cell surface receptor which
comprises the extracellular domain of a protein of the invention.
A transgenic non-human animal of the invention may be infected with a
virus, which virus is capable of binding to the extracellular domain of a protein of
the invention which is expressed in a cell of the transgenic animal. A transgenic
25  animal may be infected with a virus by exposure to a viral sample by any suitable
method.
A typical viral sample may comprise infectious sera prepared from another
infected animal, including a human, an infectious tissue culture preparation such as
infected cells or supernatent from an in vitro culture or an infectious RNA
30 preparation. Typically a viral sample is administered directly to the transgenic

animal. For example, the animal may be infected by intravenous injection of the



-16 virus. The virus may be administered at any appropriate dosage. A typical dose may be 0.1 ml of
viral infection serum, preferably 0.2 to 0.5 ml. A transgenic animal of the in%mf’efﬁrﬂqgryéé(}%ress a
protein of the invention in a specific tissue or cell type such that a specific tissue or cell type is
infected with 5 the virus. Tissue- or cell- specific exgression of a protein of the invention is achieved
using an expression vector in which a polypeptide of the invention is operably linked to a
tissue-specific promoter. For example, HCV infects human liver cells. It is therefore preferred that a
transgenic aniing! expEesRIBenayPERRIMATishecdrmentjcippririie abkigeing topitaMiexdnegses the
protein in a liver-specific 10 manner. Similarly, it ingreferred that a protein of the invention capable of

binding HBVOR xRS IRfectin sern: Brefsally Or4re v aMtion capable of binding HIV is

expressed in T-cellspiapgfegdiriarialis dhedearaigim %é%@i@@@téom&@namh@mgﬁﬁm rabies virus is
expressed at neuromuscular junctions, that a protein of the _invention capable of bindin%nreovirus type

3 is expressdfl fhsRBtIfUESar AheRI Aty BE SRR IR RReH DS iR HE e &YBe Baise esotdtirus is

expressefd ingpt aREhaliwie- SeteankHMRIBRER GRS FIREROSNIRARIBRIRASSOrding to the
invention may be used in methods in screening and testing potential anti-viral agents. An anti-agent is

capable of irRSHRIRS WIS HPLYeLaRR e A RO PERUID RTtHIR KYSTHEELS viral 20 replication
or spread of @pdrkisky TiHKRdAB fRdsVEaLRERT SR UK && /i MRCHBS/IhBERVRIHXH dlAsfection or as

a therapeutic agent to treat a viral infection. A method for identifying an anti-viral ag%ent, typically
comprises: (if .%)vi'diﬁdh@r.@éﬂré)@gﬁ?é@ﬁﬁ’gﬂ@b@df@iﬁ%ﬁéﬁ“ﬁéh%?ﬁswmrﬁ’-’lﬁ’%ﬁ t’f"ﬂllﬁman transgenic
animal _expreﬁﬁ;@%rpa@b%m@Bf*mdaquﬂqrﬂc%ﬁewra&%gttﬁg;m_eqﬁlirpa ROt virus; (i)
contacting the cell or animal with a test agent; and (iv) monitoring viral infection ; thereby determining
whetherthe t@3NagleMEarANtILVE Breferiad hat s BERESINEF e NGt AsaRanLeiPAICARERE suitable for

preventing a L8\ b iptection Her I RO TMREI§ SR otein of the invention capable of binding
HIV is expressed in T-cells and/or brain cells, that a protein of the invention capable
of binding rabies virus is expressed at neuromuscular junctions, that a protein of the
invention capable of binding reovirus type 3 is expressed in neurons and that a
15  protein of the invention capable of binding Rotavirus is expressed in gut epithelium.

Screening Methods

Cells and transgenic animals according to the invention may be used in
methods in screening and testing potential anti-viral agents. An anti-agent is capable
of inhibiting viral entry into a cell, survival of a virus, viral protein synthesis, viral

20  replication or spread of a virus. Thus, an anti-viral agent may be used as a vaccine to
prevent viral infection or as a therapeutic agent to treat a viral infection.

A method for identifying an anti-viral agent, typically comprises:

Q) providing a cell expressing a protein of the invention or a non-human

human transgenic animal expressing a protein of the invention;
25 (i) infecting the cell or animal with a virus;

(iii)  contacting the cell or animal with a test agent; and

(iv)  monitoring viral infection ;

thereby determining whether the test agent has anti-viral activity.

A method for identifying an anti-viral agent suitable for preventing a

30 viral infection typically comprises:



24 November 2005 -17 5 (i) providing a cell expressing a protein of the invention or a non-human
transgenic animal expressing a protein of the invention; (ii) contacting the &Aihk%‘f%?bééﬁ%ﬁh a test
agent; (iii) contacting the cell or animal with a virus capable of binding to said protein; and (iv)
monitoring for infection; thereby determining whethey. the test agent prevents or limits viral infection.
Where the method utilises a non-human transgenic animal of the invention, the test agent and/or the
virus may be administered to the said animal by any suitable 10 method. Examples of suitable

methods of adminisgintion pre\iiaghgdecthesgifesSinla PIaRTNEhA PRALGIDODEENGY@NHM May be
contacted in vitro with a test agent by any suitable method. The cells m% be perfused with the test
i

agent or the agent may be 30t foAMEBLRXPETHIOE AR BRIRIRG DS NENIOMhe test agent may be

introduced into the qglis diregitycriaytae daPiRtesRBINWRkaMRhette art may be 15 used to introduce
the test agent into the cultured cells. Such well-known techniques include microin%ection,

electroporation and fBtho88NKFIRGE 18! Lee I Raheidt Aot usgeRte s R IYibie salfits,
DEAE-dextran and calciunFﬂﬂgﬁpaﬁ@e. Viral infection may be monitored by any suitable method. For
example, death of host cells, viral replication, protein synthesis or the presence of viral protein 20 on
the surface of host éBfls m&PBEXBiterdefediffiible methods for monitoring viral infection are

described in Cheselg g JieRHinidPRBbiHe MiOkeSLagdrihre(RRt DA I MiBIDFEPiRFRYIGHS9), J.

Immunol. 142, 3070-3075. HIV infection may be monitored using commercially available kits. For
example, an HIV-1 pohere [ MehoreHiHeesRdonsy4an & anedeBIcari mak eRhatinysHde™HIV long

terminal repegb (edRBhdN arBA T CRIGARS IR0MARTRsRASS thamsRig alRnA Oy RIiFtitinehe

Diagnostics)) may be used. Suitable assays are also described in the following documents: Steiger et
al. (19919, J. VbR &Kems!sa pf sulalgelmethage e adminisveiinn RgIRFUARIHCIREY. 16(9): 4165,

Vandamme et al.  cgj|s expressing a protein of the invention may be contacted in vitro with a

test agent by any suitable method. The cells may be perfused with the test agent or
the agent may be added to the culture medium bathing the cells. The test agent may
be introduced into the cells directly. Any suitable technique known in the art may be
15  used to introduce the test agent into the cultured cells. Such well-known techniques
include microinjection, electroporation and methods involving the use of transfection
agents such as lipofectants, DEAE-dextran and calcium phosphate.
Viral infection may be monitored by any suitable method. For example,
death of host cells, viral replication, protein synthesis or the presence of viral protein
20  on the surface of host cells may be monitored. Suitable methods for monitoring viral
infection are described in Chesebro and Wehrly (1988), J. Virol. 62,3779-3788 and
in Pincus et al (1989), J. Immunol. 142, 3070-3075.
HIV infection may be monitored using commercially available kits. For
example, an HIV-1 p24 ELISA (Coulter Inc, R&D Systems Inc.) or a RT-RCR kit
25  for HIV long terminal repeat (LTR): NASBA [nucleic acid sequence-based
amplification] (Amplicar (Roche Diagnostics)) may be used. Suitable assays are also
described in the following documents: Steiger et al. (1991), J. Virol. Methods 34(2):
149-160, Byrne et al. (1998), Nucleic Acids Res. 16(9): 4165, Vandamme et al.
(1995), J. Virol. Methods 52(1-2): 121-132 and Bolton et al. (1987), J. Clin.
30  Microbiol. 25(8): 1411-1415.



(1995), J. Virol. Methods 52(1-2): 121-132 and Bolton et al. (1987), J. Clin., %Micrgbi%k/o 5(8):
1411-1415. 24 November 2005 -18 HCV infection may be monitored usin ally available kits
for the quantitative (Chiron bDNA signal amplification method) or qualitative (Cobas amplicor, Roche
Diagnostics) RT-PCR for the 5' non coding region.idse of suitable assays are also described in Lunel
et al. (1999), Hepatology 29(2): 528-535, Yeh et 5 al. (1997), J. Virol. Methods 65(2): 219-226 and
Jacob et al. (1997), Am. J. Chn. Pathol. 107 (3): 362-367. HBV infection may be monitored by
quantitative PCR (CHinwihfeiibrsigapbampiiftretiarinptbnsnédbigsvaniecdiRoctieDiagnostics);
Digene Diagnostics, Inc, (DNA: RNA hybridisationc)é{._Suitable assays are described in Khakoo et al.
10 (1996), J. %@'&f.‘tﬁﬁ’bﬁ’.(é&&‘a?‘ PPN FRbFRUACEH AN (ebey) 9§ é%l?%%%&@?aﬁs(l):lsl-ls?. Test
substances nagiplieH IR6CAE BzgReStsRION RERIO e tacHI g %@fﬁf.amﬁétﬁ@ﬂtbﬂ)l@ 100M, more

preferably from 1M to 10M. A test substance which has anti-viral activ&)g may reduce viral infection by

more than 50855 a0 GhSCrA8E Heshi r'dadnet shihafddId) viFgPRatea R editrRIanifflor cell.
Suitable est guhgigses, WHQW%B%@%}@bﬁ@@ﬂ@%ﬁ%&géf@mf@@ﬁrﬂﬁﬁ%.@%compOUnds’

peptide and peptide mimetics, oligonucleotides and natural product libraries, such as display (e.g.
phage displaf#bedritdy 6nd¥RiBBAy products. Typically, organic molecules will be screened,

preferably small orgpgig 2 lp g SOV BRI RAME @g&éﬁﬁiﬂﬁ&&@@@kéﬁ#&%éﬂ@&&% daltons.

Candidate products can be biomolecules including; saccharides, fatty acids, steroids, purines,
pyrimidines, aamlifivatien soeibastCabrapavricon tRsitaeibirgresticsy. Bigeoriategrastings are obtained

UL g e i e oL T
acylatiom alk{1886)),J dledfivatmnS0eR)idifi2ticraret €henpetoal LCEOSH Stur elohdieigedI herapeutic uses
53(1):131-137.
Test substances may be used at a concentration of from 1nM to 1000niM,
preferably from 1nM to 100nM, more preferably from 1nM to 10mM. A test
substance which has anti-viral activity may reduce viral infection by more than 50%,
15 60%, 70%, 80%, 90% compared to viral infection in a control animal or cell.
Suitable test substances include combinatorial libraries, defined chemical
entities and compounds, peptide and peptide mimetics, oligonucleotides and natural
product libraries, such as display (e.g. phage display libraries) and antibody products.
Typically, organic molecules will be screened, preferably small organic
20  molecules which have a molecular weight of from 50 to 2500 daltons. Candidate
products can be biomolecules including, saccharides, fatty acids, steroids, purines,
pyrimidines, derivatives, structural analogs or combinations thereof. Candidate
agents are obtained from awide variety of sources including libraries of synthetic or
natural compounds. Known pharmacological agents may be subjected to directed or
25  random chemical modifications, such as acylation, alkylation, esterification,
amidification, etc. to produce structural analogs.

Therapeutic uses

An agent identified by a method of the invention may be used in a method of
therapeutic or prophylactic treatment of the human or animal body by therapy. The

30 invention provides a method for treating a patient infected with a virus, the method



An agent identified by a method of the invention may be used in a method % ’iher eé%(ée r
prophylactic treatment of the human or animal body by therapy. The 30 inven ?gﬁ%gl% ides a method
for treating a patient infected with a virus, the method 24 November 2005 -19 comprising administering
to the patient a therapeutically effective amount of.gpn agent identified by a method of determining
anti-viral activity of the agent according to the invention. The patient is generally infected with a virus
against which the anti-viral agent has been shown to have anti-viral activity. The patient may be

infected with cohhiV& idl sarhifidteting T/t patieana shérajmilitieanp el Ve ablr\df up dgemsackie virus
or HBV. Preferabliﬁthe patient infected with a viral infection is suffering from symptoms of the viral

infection. For' S HBRAIBREIRC Rt WNRG-RRU YA 3, AR RF Lprelienl ARSI HIBBARA8eC. The
invention projigasisrinathe gaesr eadiaelsripreetef Wikl alinalabtiisfeetien tHenfeliad comprising

administering to the said subject a prophylactically effective amount of an agent identified by a

method of thEgRVERRRIPEERFEGUIEIRTRY EA88- WSl YR mETIRIRPRENt ey Bsirieriedd Batient infected
with a virys bYERPIHFYITRIRG. TOTSVPRIAME 24 A diRfase 48! SRSRINRINS, IBkeekie prevent the

patient developing said disease. This method comprises administering an amount of 15 an agent

which is effeikks M@Venﬁf@%?@&_ttm B%@E@Wtwiﬁé Qd/ieﬁabiiﬁ@ﬁiomi’éét@f@fm‘f TR virus. It is
preferred tha&ﬁﬂ%%ﬁﬁﬁ@\ﬂ%‘?ﬁ%i@ﬂ%F&%ﬁ)@ hegY;Ftades Riginirayqs- Complications of

viral infection, such as cirrhosis, portal hypertension, hepatocellular carcinoma which are

pompI@cation@ltﬁﬁébdtm&fﬁ_iﬁ@afy’(msbebétiﬂiié&fed 20 using an agent identified by a method of the
e e AT B s ey L el
infection0An enfrentioin rt be enethe drestimpd sixfigp edpingilsi e rigeiat the isbioff sulyieet] drfeaplyteoticallydisease
O R L e e U

also provides a method for the treatment of a patient infected with a virus but not

suffering from symptoms of a disease caused by the virus in order to prevent the

patient developing said disease. This method comprises administering an amount of

15  an agent which is effective in preventing onset of disease symptomsto a patient

infected with the virus.

It is preferred that therapeutic treatment is administered in the early stages of
infection. Complications of viral infection, such as cirrhosis, portal hypertension,
hepatocellular carcinoma which are complications of hepatitis C may aso be treated

20 using an agent identified by a method of the invention.

An agent for use in amethod of treatment of a viral infection by therapy will
typically improve the condition of a patient suffering from the infection and/or
ameliorate the symptoms of the infection.

An agent for use in amethod of prophylatic trestment of aviral infection or

25  disease caused by avira infection will typically lessen the severity of one or more of
the symptoms resulting from infection and/or may prevent the onset of one or more
symptom of infection.

An agent identified according to a screening method outlined above may be
formulated with standard pharmaceutically acceptable carriers and/or excipients asis

30 routinein the pharmaceutical art, and as fully described in Remington's



symptom of infection. An agent identified according to a screening method alﬁlinedbab g may be
formulated with standard pharmaceutically acceptable carriers and/or excigle PR 5’?/8 routine in the
pharmaceutical art, and as fully described in Remington's 24 November 2005 -20 Pharmaceutical
Sciences, Mack Publishing Company, Eastern Pengpsylvania 17th Ed. 1985, the disclosure of which is
included herein of its entirety by way of reference. Compositions and medicaments for use in a
method of treating a viral infection may be formulated in dosage form. Medicaments comprising a

therapeutic apeahaddefitéiestieyiceynetandrobiieiivestipamayarin Refryhauiabie fog administration
to a patient, for example n tablet, capsule or liquid form, or rré?g_ be in a concentrated form suitable

for preparatiot?By ABHLPHARHG O WAISH SHCIHASANE RN Rl ERbGEDY XYM &S 6F Bi8%&tal routes such
as via oral, husgpogiighsRRIMARAEARAEAMoN 8&ENA A BB Uredifip ATl AfdoliGiheRgtic, 10

intramuscular, intraperitoneal, subcutaneous or other appropriate administration routes. A

therapeuticalREEAERHAECE MARTEEE FHgdY BHLCAIRTIR SRR 1513 HEREARCKIE ARBunt of an agent
sufficienisfor pigyaTiNGy RieetiRsH IsraARaRiIGH RIS FoGh JIHGRE YERLNRFEPRIJT@ dose of a

therapeutic agent may be determined according 15 to various parameters, especially according to the

substance uskBetirat o9 eI iakebiebreapsiediHaubdiiemp.ieriaaydabne ganceitatetl administration;

and the requised, ©HLHRTo SiGian 'Ih%&p{g&&determine the required route of administration
and dosage for any particular patient. A typical daily dose is from about 0.1 to 50 mg per kg of body

weight, according toﬂh@@@ﬁtﬁt@@f b@eﬁ@mﬁiﬁ e ypR¢tertiakos ey w@gmtaemsadma&wag of the subject
e i MR AR A R p
infectiondy sitinanauey|éheninapanitensgstamadqnemisce atidh epi@eppateifidritn gretieins of the virus is
preferably 25r0%g£inistered in a single dose. One or more further doses may be required for long
A therapeutically effective amount of an agent is administered to a patient. An
amount of an agent sufficient for preventing infection is administered to a subject at
risk of viral infection. The dose of a therapeutic agent may be determined according
15  to various parameters, especially according to the substance used; the age, weight
and condition of the patient to be treated; the route of administration; and the
required regimen. A physician will be able to determine the required route of
administration and dosage for any particular patient. A typical daily doseisfrom
about 0.1 to 50 mg per kg of body weight, according to the activity of the specific
20  agent, the age, weight and conditions of the subject to be treated, the type and
severity of the disease and the frequency and route of administration. Preferably,
daily dosage levels are from 5 mg to 2 g.
An agent that is capable of preventing viral infection by stimulating the
immune system to produce antibodies specific for proteins of the virus is preferably
25  administered in asingle dose. One or more further doses may be required for long
term protection against hepatitis infection. Further doses may be administered after a
period of 1 to 15 years after the initial dose, for example after 1, 2, 3, 4, 5, 8, 10, 12
or 15 years. Regular doses may be administered at regular intervals after the first
dose, for example at 3, 5, 8, 10 or 15 yearly intervals.
30 An agent that is capable of preventing viral infection by stimulating the



term protection against hepatitis infection. Further doses may be administ Zg&aﬂe a gé% jod of 1to 15
years after the initial dose, for example after 1, 2, 3, 4, 5, 8, 10, 12 or 15 (?Vﬁg%%l oses may be
administered at regular intervals after the first dose, for example at 3, 5, 8, 10 or 15 yearly intervals.
30 An agent that is capable of preventing viral infegtion by stimulating the 24 November 2005 -21
immune system of a mammal to produce antibodies specific for proteins of the virus is preferably a
nucleic acid. Nucleic acid, such as RNA or DNA, and preferably, DNA, is provided in the form of a

vector which imguhe xerassethiarintacelprotitive amédiel speSiticidrsHetia moidstmalrdze administered
to the animal by any available technique. For example, the nucleic acid may be introduced by

injection, pretSRIBIG A SIMHARR GO IHERE A6y BFHAP NS QURINA AR REEICER Mhe nucleic acid

may be deliviargs 44 prslicRer AsthE Y BHiBr Usiastér MUGEI eragiBdsipresscten g surdcithe
particle-mediated gene delivery. The nucleic acid may be administered topically to 10 the skin, or to
the mucosal SW7AB8s for example by intranasal, oral, intravaginal, intrarectal administration. Uptake of

nucleic agid construglgmaxiar SRRRSFHRASRHIEY kAW S ISR BoIMjashNignes. for example

those including the use of transfection agents. Examples of these agents includes cationic agents, for

example, calémhﬁ‘iﬁhéspﬁ%@(@@@ﬂd@mgeiﬁéﬂﬁa'ﬁﬂ%@lﬁﬂ%%@ﬁ@)ﬁﬂﬂ@i%m@f ﬁfﬂl‘é‘ctam and
transfectam. ;fhedasaae QiSRG B‘Flﬂt];grﬂ@s&qg’!?.'sﬁ@f%&% eAURIRILd YA Aty the nucleic

acid is administered in the range of Ipg'to 1mg, preferably to Ipg to 10g nucleic acid for particle

mediated gerie d@ii\l(ﬂm &ﬁf@quaﬂﬁmiQGdfiﬁthéﬂgmgldﬂ@%Mﬁ@/ Eﬁ'@iﬁﬁﬁ@@‘i@&strate the
roerter, e shoda ) ke bR PR R o7,
Collectiad  the skin, or to the mucosal surfaces for example by intranasal, oral, intravaginal,
intrarectal administration.
Uptake of nucleic acid constructs may be enhanced by several known
transfection techniques, for example those including the use of transfection agents.
Examples of these agents includes cationic agents, for example, calcium phosphate
15  and DEAE-Dextran and lipofectants, for example, lipofectam and transfectam. The
dosage of the nucleic acid to be administered can be altered. Typically the nucleic
acid is administered in the range of 1pg to 1mg, preferably to 1pg to 10ng nucleic
acid for particle mediated gene delivery and 10ng to 1mg for other routes.
The following Examples illustrate the invention.
20
Materialsand M ethods
Cell lines
The human embryonic kidney cell line, 293, and its derivative, 293T, bearing
the large T antigen from SV40 were purchased from American Type Cell Collection
25  (Manassas, VA, USA). Huh? cells were obtained from Japan Health Sciences
Foundation (Chou-ku, Osaka, Japan). HepG2 and U937 cells were also purchased
from American Type Cell Collection. All cells were cultured at 37 °Cin5 % CO;in
EMEM, DME or MEM containing 2 mM L-glutamine, 1.5 g/L sodium bicarbonate,
0.1 mM non-essential amino acids, 1 mM sodium pyruvate, and 10 % fetal bovine

30 serum.



25 (Manassas, VA, USA). Huh7 cells were obtained from Japan Health Sciences Foundation
(Chou-ku, Osaka, Japan). HepG2 and U937 cells were also purchased fr&ﬁ”ﬂf?@?@éﬁo%pe Cell
Collection. All cells were cultured at 37 Cin 5 % CO2 in EMEM, DME or MEM containing 2 mM
L-glutamine, 1.5 g/L sodium bicarbonate, 0.1 mM_ggn-essential amino acids, 1 mM sodium pyruvate,
and 10 % fetal bovine 30 serum. 24 November 2005 -22 Example 1: Generation of wild-type CD81,
chimeric CD81 and truncated HCV E2(aa384-661) expression constructs cDNA of the human full
length wild-typracip8d 1(CE8AdvAEL) omast oldidogsk DRI ¢PirReficiDBEs @hdridunizatealieCl) from total
cellular RNA Is,.and 5 cloned into BamHI/EcoRl sites of pcDNA3.1+(Invitrogen, Carlsbad,
CA, USA). Fer=Ei PrReE s thiiera (CD81-ATFR), the N-terminal cytoplasmic domain
was obtained by PCidfunvthieefhlitendii ittangfewiniregepcmgpiomss\W3) and Etaihabisy1) and
ligated to the N-terminal of pcDNA3-CD81WT ES dlll, Ba ‘A) For CD81-LDLR chimera
(CD81-ALDLR, TR A o )T O B e B R R 5 KRR using total
cellular RNA gbhienian esisH(CreROsEss diafyp AR CRIVaestRinvaaribist ligated $ajhede-terminal of
a pcDNA3-CD81WT clone whose stop codon has been removed by PCR method (EcoRlI, Notl). A

schematic refre8LHTanRrENFRE RIS EHMESRA SE DAL ATEOWIEN ARy THBalCYIePasR ke quence of HCV

E2 cDNA froppas b8 @biins Ry errlFindHEqun-Ibsg iGN aes1em foebdisr Ypihei-genotype Ib (Lim
et al. Virus Genes 23, 89-95, 2001) and cloned into the BamHI and EcoRS sites of pSecTagC from

Invitrogen. PRIA&S Usbie dieand|igteetp thadietayninghefneDNAARERIWEIFHPEIHhing of constructs

and detectiorsgfnirgl FANEEIALS- 1l R chimera éCDSl—ALDLRe the C-terminal Cétoplasmic
5-AAAGCTAGCGGATCCGCCACCATGGGAGTGGAGGGCTGCACCAAGTGCAT CAAGT-3' C2

5-AAAGRATIDBOGEIIETT ASFIRSNTGE ASBTETY Gt GRuiedNeaidtenG?2 cells
(C5and C6, Table 1). PCR product was then ligated to the C-terminal of a

pcDNA3-CD81WT clone whose stop codon has been removed by PCR method

(EcoRl, Notl). A schematic representation of the different constructs is shown in
Figure 1A.

15 The sequence of HCV E2 cDNA from aa 384-661 was PCR amplified from
the HCV genome of HCV-S1 of genotype 1b (Lim et al. Virus Genes 23, 89-95,
2001) and cloned into the BamHI and EcoRb5 sites of pSecTagC from Invitrogen.
Primers used are C7 and C8 (Table 1).

20  Table 1. Primers used for cloning of constructs and detection of viral
transcripts.
Cl  5-AAAGCTAGCGGATCCGCCACCATGGGAGTGGAGGGCTGCACCAAGTGCAT
CAAGT-3'
C2  5-AAAGAATTCGCGGCCGCTCAGTACACGGAGCTGTTCCGGATGCCACAGCA
25 CAGCACCATGCTCAG-3'
C3  5-CCCAAGCTTACCATGGCGATGATGGATCAAGCTAGATCAGCA-3'
C4  5-CGCGGATCCCCTTTTTGGTTTTGTGACATTGGC-3'
C5  5-CCGGAATTCAAGAACTGGCGGCTTAAGAACATC-3'
C6  5-ATAAGAATGCGGCCGCTCACGCCACGTCATCCTCCAG-3'
30 C7  5-GGGGGATCCACCACACCCAAGTGATGGGGG-3’



25 CAGCACCATGCTCAG-3' C3
5-CCCAAGCTTACCATGGCGATGATGGATCAAGCTAGATCAGCA-3' c4* November 2005
5-CGCGGATCCCCTTTTTGGTTTTGTGACATTGGC-3' C5
5-CCGGAATTCAAGAACTGGCGGCTTAAGAACATC-3' C6
5-ATAAGAATGCGGCCGCTCACGCCACGTCATCCTCCAG-3' 30 C7
5-GGGGGATCCACCACACCCAAGTGATGGGGG-3' 24 November 2005 -23 C8
5'-GGGGATARCTCTCIGARCAATEACTEIGETOE PLSeACFBATTCCCATTCTGCAGCTTCC-3'
(nt 10-28) Péf-CT TGAGGAACTACTGTCT.3' (nt 36.55) P3 5-CGGTGTACTCACCGGTTCC-3(nt
161-143) 5 P4 5-ACTEGECRAECACEETHF ARSI G 503 5540835 5.

TCGCGACCRAACACTACTEASGIN @TARRE) EIL BAGS6-55)
TCATGGTGGCGAATAAACTCATTCCCATTCTGCAGCTTCC-3' TAG 5-TCATGGTGGCGAATAA-3'

HCV probe: $GCABAKAGCEFEFACCERTEEE B RRETAN-3' (nt 68-97) 10 Example 2: High level

of CD81 expressions on-theseikiace f stable i @losesogknsient transfection experiments were
performed using EffecteneTM transfection reagent from QIAGEN (Valencia, CA, USA), according to

the manufaciPrer's Profscef BabiPEDBI TAGTES XN&ngPRlild-type CD81 15 (CDS1WT), CD81

fused at the Nteginal wit-6Tamiee-ASHAs QAR LIRSS cdamainRitrnsiarn.geceptor
(CD81-ATFR), and CD81 fused at the C-terminal with 50 amino-acids of the cytoplasmic domain of
LDL receptor (8BS RALBARGRsTeCgaAdiated by electroporation of 20 pg DNA into about 5X106 Huh?
cells at 0.25 Mw‘%ﬂéﬂé!@sﬂ&%ﬁ%&%@%@&&%&%ﬁﬂlﬁ%@%@% Cells were 20
selected by growing in 1 mg/ml of geneticin (GibcoBRL, Gaithesburg, , USA) and single colonies
were isdlated and analyzed for surface expression by FACScan analysis using antibodies specific for

cD8l, LDL a@Qa&E@g? rﬁi@‘:@@gﬂﬁf S ex b GO RS MR PR GPLEShIVRRIRRLIBRES and

resuspende

Transient tra'nsfection experiments were performed using Effectene™
transfection reagent from QIAGEN (Valencia, CA, USA), according to the
manufacturer’s protocol. Stable CD81 clones expressing wild-type CD81
15 (CD81WT), CD81 fused at the N-terminal with 61 amino-acids of the cytoplasmic
domain of transferrin receptor (CD81-ATFR), and CD81 fused at the C-terminal with
50 amino-acids of the cytoplasmic domain of LDL receptor (CD81-ALDLR) were
generated by electroporation of 20 pg DNA into about 5X10° Huh7 cells at 0.25
kvolts using a BIORAD (Hercules, CA, USA) gene pulser machine. Cells were

20  selected by growing in 1 mg/ml of geneticin (GibcoBRL, Gaithesburg, MD, USA)
and single colonies were isolated and analyzed for surface expression by FACScan
analysis using antibodies specific for CD81, LDL and transferrin receptors. Stable
Huh7 clones were harvested, washed in PBS and resuspended at 1X10° cells/ml. 0.5
ml of cells were incubated with a mouse anti-human CD81 antibody or an isotype-

25  matched control from BD PharMingen (San Diego, CA, USA) for 30 min at 4 °C,

washed and re-incubated with a goat anti-mouse antibody conjugated with

phycoerythrin (Sigma, St. Louis, USA). Cells were washed and analyzed on a Becton

Dickinson flow cytometer (San Jose, CA, USA). Live cells were gated and a total of

10 000 events were collected per analysis. For stable Huh7 cells expressing wild-type

30 CD@81, high-expressing clones were isolated by FACS-sorting. Untransfected



ml of cells were incubated with a mouse anti-human CD81 antibody or an iggﬁége 2 nﬁ%\:ed control
from BD PharMingen (San Diego, CA, USA) for 30 min at 4 C, washed and te- e ith a goat
anti-mouse antibody conjugated with phycoerythrin (Sigma, St. Louis, USA). Cells were washed and
analyzed on a Becton Dickinson flow cytometer (San Jose, CA, USA). Live cells were gated and a
total of 10 000 events were collected per analysis. For stable Huh7 cells expressing wild-type 30
CD81, high-expressing clones were isolated by FACS-sorting. Untransfected 24 November 2005 -24
parental Huhgaeamsat $bdty lexpriessets| oivd®8IE of CEIp8ir seodptoesw/iescds staBestald retor{@&D81WT,

evels of end oL i RiErHH] RO L BCaRrL ) Al 0 DI AL AR dary sirificantly
from the levelsiglitaass) .renepigieds dnualernsientidhas ealgeri3dnael e xaigssirgrrindogenous

CD81, LDL and transferrin receptors were used as positive controls, FACScan analysis for transferrin

and LDL receptErsirkls ponstHid ieisydyy sHBbeReAEAME e ENEIRAhHEReIReERbNEddene Research

Prwum%@%ﬁ%ﬁﬁ@eﬁ%ﬁﬂbﬁ%%@@@h’@&s& shdodenBus toeRcenterang D81-ATFR and
CDB81-ALDLR, internalize more efficiently than CD81. 50 x 105 cells were plated on 6-well plates and

allowed to selRISCRHATRREPIONS WRSrUEec @R PR CIsaN Al BAERarRABYES (st ip
Biotechnology,papia r&@&ou@%\za%’MW%@%%&&%%‘B@%M@S&%WV cooling on ice

for 15 10 min, any unbound antibody was removed with 3 washes of cold PBS and surface- bound
antibody wasipge Reserighdtinguete Ceapiwitgesdvtro 2 M hteedisielo.5 M NaCl for 5 min,
followed by PBS washes. Cells were harvested and lysed in Laemmli's SDS buffer and subjected to
western analysis. Briefly, total protein was separated on a 10 % SDS-polyacrylamide gel and
transferted tcExantedliufobemae miveemtoidh €D &0 Eid-R amtb @DE1rBE DIoBk &t evitial 5786 non-fat dry
milk and incubated with ggat anti- se horse-radish peroxidase (HRP) conjugated antibody (Pierce,
Rockford, IL,@@%@M “detection using an enhanced chemiluminescence method

(Pierce). 50 x 10° cells were plated on 6-well plates and allowed to settle overnight.

0.5 ml of 10 ng/ml of CD81 monoclona antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) was overlaid onto the cellsfor 1 h at 37 °C. After cooling on ice for

15 10 min, any unbound antibody was removed with 3 washes of cold PBS and surface-
bound antibody was stripped by incubating the cells with cold 0.2 M acetic acid/0.5 M
NaCl for 5 min, followed by PBS washes. Cells were harvested and lysed in Laemmli's
SDS buffer and subjected to western analysis. Briefly, total protein was separated on
a 10 % SDS-polyacrylamide gel and transferred to a nitrocellulose membrane. Then,

20  the membrane was blocked with 5 % non-fat dry milk and incubated with goat anti-
mouse horse-radish peroxidase (HRP) conjugated antibody (Pierce, Rockford, IL,
USA) for 1 h, followed by detection using an enhanced chemiluminescence method
(Pierce).

The heavy chain of the antibody (both surface-bound and internalized) was

25  observed in CD81IWT, CD81-DTFR and CD81-DLDLR cells (after washes with PBS
to remove any unbound antibody from the surface) (Figure 2). As expected, little
binding of anti-CD81 antibody to untransfected Huh7 cells was observed. When an
additional 5 minute acid wash was used to remove the surface bound CD81 antibody,
~ 30 % of anti-CD81 antibody (total amount of surface-bound and internalized



The heavy chain of the antibody (both surface-bound and internalized) was %?\hobsehrveghé%CDBIWT,
CD81-ATFR and CD81-ALDLR cells (after washes with PBS to remove an%/ unbdeuRd ant ody from
the surface) (Figure 2). As expected, little binding of anti-CD81 antibody to untransfected Huh7 cells
was observed. When an additional 5 minute acid wgsh was used to remove the surface bound CD81
antibody, - 30 % of anti-CD81 antibody (total amount of surface-bound and internalized 24 November
2005 -25 antibodies was normalized to 100 %) remained in the intracellular fractions of Huh7-
CD81WT celniboplies 2 psEoposlired toatQihee) yr éoramentént aan rit iacfid adl it amtioresseflH i d: significant

increase in in r accumulatiqn of anti-CD81 antibody in Huh7- CD81WT cells. 5 In
o DB KR ARt R P e e e A A e hoct was
internalized, ahawipifitet: iherbasion ot cyieiiasericusioRtdnsofrani OB dvertirydligHiehgptors,

transferring receptor and LDL receptor, to CD81 have greatly increased the internalization efficiency
of the recept [Z We 'SThe fusion of these cytoplasmic domains at the N-terminal (CD81-ATFR) or

C 10 terinal (CD81 AR COBLreARSARS toirasse e ANRIRe Batian #fctRBde)to the same

extent. To determine the intracellular localization of wild-type and chimeric CD81 receptors, cells were

fixed with 3. 709AfNARIBERYHROMH WosHIeaeliger Japvpaadnddhausane By ArasMpermeabilization
with 0.2 % TrioRahd A8 hatRPrecliiag Yebep R REBPAS BRI TSt P EB BRRdRIFMS) 2 h

incubation with an anti-CD81 monoclonal antibody (Santa Cruz) and finally 1 h incubation with a

FITC-conjug&&ﬁld@‘?aﬂﬁﬁaﬂﬁmmﬁbﬁﬂgéﬁ@@ﬂ&ﬁf@m W@@ﬁ?@gﬁh@dﬁmfﬁiéﬂures taken on
o e SRR EIORAR s e e Rl s
CD81 rexzepterminati{€PBddsioDleR)tufiTles appendelrtto nertesathe ititerpatbatibthef €D&tors after
internalizatio?é ltiP\/(ien cg(lal)%tév]?re overlaid with anti-CD81 antibody for 1 h, followed by acid-stripping of
To determine the intracellular localization of wild-type and chimeric CD81
receptors, cells were fixed with 3.7 % formaldehyde for 10 min at room temperature,
following by 10 min permeabilization with 0.2 % Triton-X 100, 30 min blocking with
15  PBS containing 1 % purified BSA (Sigma), 2 h incubation with an anti-CD81
monoclonal antibody (Santa Cruz) and finally 1 h incubation with a FITC-conjugated
goat anti-mouse antibody (Santa Cruz). Slides were mounted and pictures taken on a
MRC1024 laser confocal microscope (BIORAD).
In all three stable cell lines, punctuate staining around the nucleus was
20  observed, indicating intracellular localization of wild-type and chimeric CD81
receptors to the endosome structures.
In order to determine the path of the receptors after internalization, living
cells were overlaid with anti-CD81 antibody for 1 h, followed by acid-stripping of
surface-bound antibody. The cells were then permeabilized as before and probed
25  with an FITC-conjugated anti-mouse antibody for the presence of internalized anti-
CD81 antibody. For Huh7-CD81-DTFR and -CD81-DLDLR cells, strong
intracellular staining were observed, showing that anti-CD81 antibody was
internalized and transported to the endosomes, which is the compartment where
uncoupling between ligand and receptors normally occurs. Consistent with the lower

30 internalization efficiency of wild-type CD81, Huh7-CD81WT cells showed little



surface-bound antibody. The cells were then permeabilized as before and f’{%) ?Eﬁ \g§
FITC-conjugated anti-mouse antibody for the presence of internalized anti O . For
Huh7-CD81-ATFR and -CD8I-ALDLR cells, strong intracellular staining were observed, showmg that
anti-CD81 antibody was internalized and transporigd to the endosomes, which is the compartment
where uncoupling between ligand and receptors normally occurs. Consistent with the lower 30
internalization efficiency of wild-type CD81, Huh7-CD81 WT cells showed little 24 November 2005 -26
intracellular shairacglliﬂatmsaieﬁmgammiaexpaimam be noted that the measurement of intracellular (i.e.
non-acid removabl tlb robe for the. in aI|z f CD81 re eptor is only
comparative and maﬁ&]%@ ﬁ%‘ﬁﬁ%ﬁf%”&?%ﬁ%e‘a ﬂﬁ 5 may be degraded.
For example, reaeaubiey @D 1rdndbetyias degﬁbelmmh@irtbmwzmb@dtﬁsosemwmnaﬁer

internalization Ie4 Chi erlc receptors, CD81-ATFR and C 1-ALDLR, u der reater cell
surface re- cygfﬁ@ B@Fé‘é?f’a&‘ bﬁfé: CEBRHOR BAPLRA é 'L oth wild-type

and 10 chimeyigyHaBibgpaddte Foit W%@é@%mm@@l@@*@m&l@ﬂ@mﬁ@ed over a period
of 8 h by FACScan analyses Cells were incubated with 10 Itg/ml of anti- CD81 monoclonal antibody

for 1 to 8 h, fGMHARRE 85 B HHGRLE AREPRIFHNE Scan analysis carried out as described above to

determine amoyi Bfd ACEBIRFS8 mrf%c@dwa?ﬁwwem%@eﬂw ﬁﬁ%m'”ed for each
time point. 15 Th general both wild-type and the chimeric molecules underwenta 4 h cycling
lgun e LT C B

profile (Figur&lBencell B, b similar profile, with maximum
internalization and r%%%ﬁ%ﬁﬂ%&&ﬁ %)%)P%ﬁ 8f Bottf’l W\gt{yggéngown modulation of
CD81-ALDLR molecules occurre maX|ma 3 h of exposure to ant with re-expression

taking pléce Whim’lemcIﬁaﬁérwtelg@f@ﬁﬁme@fémmwmhlehlmr@ﬂavmem@mg\ﬂere
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CD81 monoclona antibody for 1 to 8 h, followed by PBS washes, and then
FACScan analysis carried out as described above to determine amount of receptors
on cell surface. Mean fluorescence of cells was determined for each time point.

15 In general both wild-type and the chimeric CD81 molecules underwent a4 h
cycling profile (Figure 3). CD81WT and CD81-DTFR both showed a similar profile,
with maximum internalization and re-expression both occurring within a period of 2
h (Figure 3). Down-modulation of CD81-DLDLR molecules occurred maximally
after a 3 h of exposure to antibody, with re-expression taking place within 1 h later

20  (Figure 3). Nevertheless, both chimeric CD81 molecules were internalized to a
greater degree compared to CD81WT, up to 60 % and 44 % of CD81-DTFR and 79
% and 50 % of CD81-DLDLR molecules were internalized, after 2 and 6 h
respectively, of incubation at 37 °C, compared to only 33 % and 13 % of CD81WT
(Table 2). In the case of CD81-DLDLR molecules, these continued to be down-

25  modulated, resulting in up to 82 % and 83 % internalization at the end of 3 and 6 h
respectively of incubation (Table 2). Moreover, re-expression of chimeric CD81
molecules on the surface was significantly more pronounced than wild-type CD81.
There was an increase in 90 % and 150 % of surface CD81-DTFR and in 325 % and
566 % of surface CD81-DLDLR molecules within the periods of 3-4 hand 7-8 h



respectively, of incubation at 37 C, compared to only 33 % and 13 % of C?{?J@/\/T Ta?h% ). In the
case of CD81-ALDLR molecules, these continued to be down 25 modulated, Sl ginup to 82 %
and 83 % internalization at the end of 3 and 6 h respectively of incubation (Table 2). Moreover,
re-expression of chimeric CD81 molecules on the_surface was significantly more pronounced than
wild-type CD81. There was an increase in 90 % and 150 % of surface CD81-ATFR and in 325 % and
566 % of surface CD81-ALDLR molecules within the periods of 3-4 h and 7-8 h 24 November 2005 -27

respectively, océquettitvatyo ofvinttubatitrodyt hcantipaote dctorpahediib Hinhndl733 ehdS3emession in CD81IWT
at the same time periods @g&%{% ble 2: Geometric fluorescence 5 Incubation at 37
(h)CD81-WF6>fPé%$?_'HE ! %ﬁ%&%‘?ﬁ@&fﬁ% +9 20345.51284.37465
30.5425.25736.66689.68 41441.27505.68645.3 52295.69152.66284.11 63293.43130.16370.81
74436.11553.42540.88 86379.9279.62300.58 97468.394.15697.91 108506.24627.11750.86 Example
5: Binding of GRNSI& SAFPBIRES e AR G e Psurface of Huh7 stable clones. A secreted and

soluble fgrm of E2, which lacks the C-terminal hydrophobic 10 transmembrane anchor was expressed
in 293T cells hy transient transfection with pSecTagC-E2 using Superfect reagent (Qiage ) 3 days

§ - J
post-transfettign, tultiFAPRRR R Was tleafd i sectetddPEAIN:Bing welPRLARRd oh NTA-nickel

S ‘Orfsm%zﬂnecg iy i 71D 19,
sepharose heagls (Qiagen). jhe beads were washed with PBSgnd E2 was elutggswith

3 05 425.25 736.66 689.68

4 1 44127 505.68 645.3

5 2 295.69 152.66 284.11

6 3 293.43 130.16 370.81

7 4 436.11 553.42 540.88

8 6 379.9 279.62 300.58

9 7 468.3 94.15 697.91

10 8 506.24 627.11 750.86

Example 5: Binding of solubleform of HCV E2 protein to call surface of Huh7

stable clones.
A secreted and soluble form of E2, which lacks the C-termina hydrophobic
10  transmembrane anchor was expressed in 293T cells by transient transfection with
pSecTagC-E2 using Superfect reagent (Qiagen). 3 days post-transfection, culture
medium was cleared and secreted E2 proteins were captured on NTA-nickel
sepharose beads (Qiagen). The beads were washed with PBS and E2 was eluted with
1 M imidazole solution, followed by centrifugal filtration (Millipore, Bedford, MA,
15  USA) to remove the imidazole. The pSecTag vector (Invitrogen) contains a secretion
signal from the V-J2-C region of the mouse 1gG kappa-chain.
Virtually al the expressed E2 protein was secreted into the growth medium
and could be purified with NTA-nickel sepharose beads asiit is fused with a C-
terminal polyhistidine tag. In the absence of reducing agent, the purified protein
20 separated on SDS-PAGE to give two bands: a high molecular weight species > 111
kDa (~80 %) and a~70 kDa species (~20 %) (Figure 4A). The addition of reducing
agent resulted in the dissociation of the higher molecular weight speciesto give only a
70 kDa band on SDS-PAGE (Figure 4A). This suggests that the majority of the E2
purified were in the form of disulphide-linked aggregates (> 111 kDa), which could



1 M imidazole solution, followed by centrifugal filtration (Millipore, Bedford, #@bﬁ US@ ;g remove the
imidazole. The pSecTag vector (Invitrogen) contains a secretion signal fr Cl gion of the
mouse IgG kappa-chain. Virtually all the expressed E2 protein was secreted into the growth medium
and could be purified with NTA-nickel sepharose heads as it is fused with a C- terminal polyhistidine
tag. In the absence of reducing agent, the purified protein 20 separated on SDS-PAGE to give two
bands: a high molecular weight species > 111 kDa (-80 %) and a -70 kDa species (-20 %) (Figure
4A). The addb@disﬂ)cmmdibgthmjnﬁnieawfeddudhg a@eebd‘ﬂémmbmeibiﬁﬁmxmumdlﬂar weight species

to give only a, 70 kDa PA ) s th he m jority of the E2
purified weréa‘l?l"lﬁfer?éi’lllﬁéﬂﬁh% %allrﬁ?%(” %&Pi a eeég@ f?%g rgvrﬂ %4 November 2005
-28 be dissociatperioy (Resaddapnrof cathictng ampiofalwvaghwGW|glﬁ2>gym@|ted a lower mobility (70
kDa) than the molecular. welght ﬁredlct from the sequence - 36 kDa), indicating that the

protein was heavily §lyBBE)ARRHIAIGRQ %Bfﬁﬂg{l VlfllBté%l? S Qe 2 BER was overlaid

onto 5 mnolﬂwﬁbﬁayé@ell%&lrslwwmweeém@mMﬁlg to e8ll suripeecrprer@E2E2 in PBS
with 1% BSA was oveg}é)onto cells for 4 h. Cells were washed 3 times with cold PBS, Iﬁsed in

Laemmii's SORPRFUA KN BEF LSS QMeY QAT o Ak SN Wara g i B aps ¥fithc-myc

monoclonal agijaqslyd SpiiF[hiRIfS s haer JApRiMRCHae sedipndddFrdratgin. 10 Figure
4B shows that E2 bound to Huh7-CD81WT, Huh7-CD81-ATFR and Huh7-CD81-ALDLR, but not to

untransfecte PPN SR Ihadie-¢aByReongeesel withodyccrmmeieziie fesc’IRfar domain(s) of

CD81, which lérﬁ{ﬁgleﬁggﬁtall ihesaostibEcsildes- However, the association rate appeared to be
quite slow as bound E2 was only detected after 4 hrs. This is likely to be due to the low concentration

of 15 md@Aomeric EZFQQLMI@QB@QWME%&@@UG@ 1DHA B FNOWNHB Y EIRB-HAFBMdmonomeric
COBLATER S R APT R e L Erel B i G M o
that E2 can bind to the extracellular domain(s) of CD81, which is present in al these
stable cell-lines. However, the association rate appeared to be quite low as bound
E2 was only detected after 4 hrs. Thisis likely to be due to the low concentration of
15  monomeric E2 expressed in this system as it has been shown previoudly that only
monomeric E2, and not aggregated E2 oligomers, is capable of binding CD8L1.

Example 6: Chimeric receptors, CD81-DTFR and CD81-DL DL R, mediate

efficient entry of HCV virionsinto Huh7 cells
20 The ability of the stable CD81-Huh7 clones to support HCV entry was tested

by culturing Huh7 cells stably expressing an inducible full length HCV genome (clone
SH9; Limet al., 2001) for 5 days, with or without tetracycline (tet) (Sigma), after
which the culture media was removed, spun at 2500 rpm for 5 min, aliquoted and
frozen at —80 °C. 800 pl of culture media was layered onto 2.5X10° Huh7 cells and

25  stable CD81-Huh7 clonesin 60 mm petri dishes. The cells were added with 1.2 ml
complete media and incubated for 6-8 h at 37 °C, after which they were washed 6
times with PBS, added with 4 ml of fresh media and re-incubated for 5 days at 37 °C.
At the end of the period, the cells were washed 3X with PBS and total cellular RNA
was extracted with the Trizol reagent from Gibco BRL, according to the

30 manufacturer’s protocol, followed by treatment with 5U of DNasel (Promega,



20 The ability of the stable CD81-Huh7 clones to support HCV entry was t%%:ﬁd b ble%ff g Huh7
cells stably expressing an inducible full length HCV genome (clone SH9; L VP2 %nfor 5 days,
with or without tetracycline (tet) (Sigma), after which the culture media was removed, spun at 2500
rpm for 5 min, aliquoted and frozen at -80 T. 800 pigof culture media was layered onto 2.5X105 Huh7
cells and 25 stable CD81-Huh7 clones in 60 mm petri dishes. The cells were added with 1.2 ml
complete media and incubated for 6-8 h at 37 C, after which they were washed 6 times with PBS,
added with 4 kbdibfresNIme8ia) an@7éafonl3dtetirfor 5 days at 37 T. At the end of the period, the cells
were washed 3X Witl’ll PBS and total cellular RNA was extracted with tqﬁ Trizal reagent from Gibco
BRL, according to theh%)rt%%ﬂﬁ?ao t 58%15!8%8?%8@8&%{) b%*trr%rerh C% BfDNasel (Promega,
24 Novemberdeepmirzel MemSeCR\4 &) SA had BayCciptde mathddeaspigbeatsbolimi lifiarticles in the
culture media from these cells was, determined by RT-PCR _after gn antibqdy captyre method using
beads bound AT ARPRS FGh TSI Shib B EL A8 ol -5 G0N, RSBy Dubutoson,
5 J, Flintet aly, BliMieelal? 3y, G2751- 624 6239 91wergobpiecem@ingissron hilénto(Reghed volume) of

protein A/G beads (Oncogene Research Products) at 4 C. Beads were washed twice in PBS and

incubated withPEEHEH & PHEDE 95 PR & efds ( isReFEsRATednelR AasedsE nsively in
PBS before RjRGRNESGHEESE PBIS halmibaSRING efilipeauigreranedinsasimiiar protocol was

performed 10 except, after incubation of culture media with antibody, bound beads (anti-E2 or

anti-c-myc folESREHM). tHe BerisWeEs vaphndl gsiensyelyd BB S abe B nit-at was cakitethe culture
media removggandayarad-pnp gale BHMerRdauR TR 4o A6 RIS RN Mgy s-strand RNA are

listed in Table 1. A5 pl volume™of the RNA was reverse transcribed at 42 C for 1 h using the 15

specific Hhtis@XeePprafteri aeibaimnofciuBupripwithanttdeds BrInd beedsdenirdiddies), followed by
heati t 10 ] i ied out
i R NG T 38 B B G e

with Platinum Tart polymerase (Gibco reaction was performed
with 51 of  and the culture media removed and layered onto cells.

Primers for RT-PCR to detect plus- and minus-strand RNA are listed in Table
1. A 5 pl volume of the RNA was reverse transcribed at 42 °C for 1 h using the
15  specific antisense primer and 200 U of Superscript 11™ (Gibco BRL. Life
technologies), followed by heating at 100 °C for 1 h, and treatment with 2.5ug
RNase A for 30 min at 37 °C. PCR was carried out with Platinium Tag polymerase
(Gibco BRL. Life technologies). The first PCR reaction was performed with 5 ul of
template in atotal volume of 50 pl followed by second round of PCR with 1 ul of the
20 first PCR reaction. For the detection of plus-strand RNA, PCR was performed with
P1 and P4, followed by P2 and P3 or P5. For the detection of minus-strand RNA,
RT was carried out using the tagged primer, P1-TAG (Lanford et al., Virology 202,
606-614, 1994). The first round of PCR was carried out with TAG and P4 and the
second round with TAG and P3 or P5. PCR conditions are as follows. 95 °C for 3
25 min, followed by 30 cycles of 95 °C for 20 sec, 60 °C (plus strand) or 49 °C (minus
strand) for 20 sec, 72 °C for 30 sec and afinal extension 72 °C for 8 min. Amplified
products were visualized by ethidium bromide staining in a 3 % agarose gel.
To determine the specificity of the products obtained by PCR amplification,
25 ul of the PCR products were Southern blotted onto Hybond N+ membrane (USB-
30  Amersham). Hybridisation was carried out with a **P-end-labelled oligonucleotide



template in a total volume of 50 pl followed by second round of PCR with 1| ?gthe éo% PCR
reaction. For the detection of plus-strand RNA, PCR was performed with %ft Rt ! Ef?)c%\/\/ed by P2
and P3 or P5. For the detection of minus-strand RNA, RT was carried out using the tagged primer,
P1-TAG (Lanford et al., Virology 202, 606-614, 1994). The first round of PCR was carried out with
TAG and P4 and the second round with TAG and P3 or P5. PCR conditions are as follows: 95 C for 3
25 min, followed by 30 cycles of 95 C for 20 sec, 60 C (plus strand) or 49 C (minus strand) for 20 sec,
72 C for 30 seoragmpantimg texve 68itm F720Ct fer BMUR @Gl ienbe)ioduntsl abelled/BNAiIped by ethidium

bromide staining in a 3 % agargse gel mine the specifici the products obtained by PCR
amplification,"%%1361rI ﬁ%%%?ﬁﬁ%%%%ﬂ%ﬁ%ﬁﬂépnsS@H%Wo%%&%fiyﬁﬂp Bne (USB- 30
Amersham). ey tiogsation wesredrsahtianigpeith BIAR-Fhd fitteadiee@relipouhstkedicss 2¢ fspvember 2005
-30 corresponding to nt 68 to 97 of the 5’NCR (HCV prohe) in.5 ng labelled DNA per ml hybridisation
buffer (6XSSé4'f%EélﬁﬁaWh ety OEE I{i‘%{'ﬁ&% og:p'l'?a]fg, %ﬁ%%ﬂ& %9 ared salmon
sperm DNA).Jbr fiseoweresnsbied |t § & dtied 4irl Briv@ g elpesethey were washed twice at 65
Cin 1X SSC-0.1 % SDS and 5 0.5X SSC-0.1 % SDS. The filters were then air-dried and exposed to

autoradiograpHiCARIeH PRy Bmsah 18 iR OvAtaira RRGHRI Yt ApFEI Qe RS ried out on a

BIORAD dengjtesissdRostiva BIDR&B geadisisiuere observed in culture media of tet-treated cells,
but not in untreated cells (Figure 5, lanes 1 and 3). In addition, these products 10 were still observed

after treating the be Z@SERINZSE! RISEURISNL R ehrervAL ihedbw Qupecia i tetrieaiedrom tet-treated
cells (Figure %d'l%”&ﬂ\df‘m(iﬁ"ﬁf&t&aééi@(p@[‘uﬁjé5W§ﬁ%n.95ﬁj®s.lm SiGABRTHEAIRBAlRE DNA or RNA

in the media. Culfure media was layered onfo either fresh parental or CD81-expressing Huh7 cells for
a periodlof 6-@erestitoasaoehatiedtteiogitbenensisvaiih daNaeh esr &) asg aditerdrieiddbiared with fresh
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exposure to imfexginoisa result of contamination from DNA or RNA in the media.
Culture media was layered onto either fresh parental or CD81-expressing
Huh? cells for a period of 6-8 h, after which period the cells were washed extensively

15  and re-incubated with fresh media for 5 days. Total RNA was subsequently extracted
and RT-PCR performed to assay for the presence of viral transcripts. Little plus
strand RNA was found in parental Huh7 cells 5 days after exposure to infectious
media (Figure 6, lane 1). On the other hand, alow amount of viral transcript was
found in Huh? cells over-expressing CD81WT (Figure 6, lane 2). Both Huh7-CD81-

20 DLDLR and Huh7-CD81-DTFR exhibited increased levelsin viral transcripts (Figure
6, lanes 3 and 4) and the values were at least 2.6 and 6.9 fold higher than that
observed with Huh7-CD81WT, after normalization with cellular GAPDH (Figure 6).
No viral products were obtained from cells infected with media derived from control
un-induced cells.

25 To ensure that virus replication had indeed taken place in the infected cells
the presence of minus strand was determined using the method described by Lanford
et al. (1994) that utilizes atagged reverse primer. Using a combination of the tagged
reverse primer and two different forward primers, we found a similar trend in the
expression of minus transcript in the four cell lines (Figure 6). No product was

30 obtained with parental Huh7 cells, whilst both Huh7-CD81-DLDLR and Huh7-



media (Figure 6, lane 1). On the other hand, a low amount of viral transcri%f vgﬁs f%lg]c%i Huh7 cells
over-expressing CD81WT (Figure 6, lane 2). Both Huh7-CD81 20 ALDLR ?1 NEh~° -ATFR
exhibited increased levels in viral transcripts (Figure 6, lanes 3 and 4) and the values were at least 2.6
and 6.9 fold higher than that observed with Huh7-gD81 WT, after normalization with cellular GAPDH
(Figure 6). No viral products were obtained from cells infected with media derived from control
un-induced cells. 25 To ensure that virus replication had indeed taken place in the infected cells the

presence of nuD@3-SiTFRI cams cdpterimBineBdresiaihe meiad cnapataddn liantorBieval. (1994) that

utilizes a tagged reverse primer. Using a combination of the ta%g];ed reverse primer and two different

forward priméi@ISAE R B a SMRMAYETE FRPRSTE Y Zofex8iantat mikflié RiHR0RR thaRERur cell lines
(Figure 6). Nopradie Wameh 2R EHRethwiuparea bR gepl%) whilst both Huh7-CD81-ALDLR and

Huh7 24 November 2005 -31 CD81-ATFR cells contained more minus transcripts compared to

Huh7-CD81WT cell§Qrjiftfeseradhaicty ot Heetrrsirom beapyed nfectiqdydiesre than the
atter afte nogyaalionuiiA ML CARR(FEHS Sk T CPRliew e AUiRRcky gl he resuls from

the above infection Studies, 5 blocking experiments were carried out using anti-E2 and -CD81

antibodies. Figsttuseltoedi afeenatfioireatecidedé HYTA CellshTos pre-ineghpiedintilieaads wadiaseads coated
with anti-E2 | angi-c- ibadi 2 D iC I fresh
Huh7-CD81V3/Xﬁﬁ§%HgE%I1§&%§&Y@§%i E%qﬁa%}%&cfe g\gv%’ré} t%%%%ﬁe@ ﬁ%‘?“ﬁ% ays and
analyzed as loritoré dan HhehprESS 108 D OraDB1TaAER ipkis. Phereatieh dhimoethé media with anti-c-myc
beads failed to block infection of _both Huh7-CD81WT and -CD81-ATFR cells as both plus and minus
strand rans TR DB 5 AR PR RS (51 A PR et fohdon with ant-£2
beads cemnpletatysipetishedndubivacioncaldhaaeeeils-aynberisdsitid weaswckltteosdnbigure 7A and
B, lane 4). 15 In another blocgiwn{g experiment, Huh7-CD81WT and -CD81-ATFR cells were
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transcripts were seen after RT-PCR (Figure 7A and B, lane 3). Pre-incubation with
anti-E2 beads completely abolished viral infection of these cells as no products were
obtained (Figure 7A and B, lane 4).

15 In another blocking experiment, Huh7-CD81WT and -CD81-DTFR cells
were pre-incubated with 2.5mg/ml anti-human or mouse CD81 antibodies for 30 min
before a 6 to 8 hour incubation with infectious media. As was expected, control anti-
mouse CD81 antibodies failed to prevent infection as viral RT-PCR products were
observed in both Huh7-CD81WT and -CD81-DTFR cells (Figure 7A and B, lane 5).

20  Anti-human CD81 antibodies prevented infection in Huh7-CD81WT but not in
Huh7-CD81-DTFR cells (compare Figure 7A and B, lane 6). The reason for this
difference is unknown, but maybe related to the more pronounced recycling of
CD81-DTFR compared to CD81-WT (see also Figure 3)

25 Example 7: |solation of anti-gp120 antibody heavy (IgH) and light (IgL) chains
cDNASs from hydridoma 902
cDNAs that encode for the immunoglobulin heavy (IgH) and light (IgL)
chains of the anti-gp120 hydridoma 902 were obtained by RT-PCR methods. The
hybridoma 902 (catalog number 521) that produces an anti-HIV -1, av/HTLV-11lg




before a 6 to 8 hour incubation with infectious media. As was expected, control antj- mouse CD81
antibodies failed to prevent infection as viral RT-PCR products were obsefV P BEthah7-cos1wT
and -CD81-ATFR cells (Figure 7A and B, lane 5). 20 Anti-human CD81 antibodies prevented infection
in Huh7-CD81WT but not in Huh7-CD81-ATFR cels. (compare Figure 7A and B, lane 6). The reason
for this difference is unknown, but maybe related to the more pronounced recycling of CD81-ATFR
compared to CD81-WT (see also Figure 3) 25 Example 7: Isolation of anti-2P120 antibody heavy (I12H)

and light (12LgmhaingGeleAscisra axanemead 8BteRBH B dhathenerda forstiredsarani@globulin heavy
(IgH) and light (IgL) chains of the anti-gngO hydridoma 902 were obtained b}/@RT-PCR methods. The

hybridoma 903¢{EAt6 S RAPABER B9 15 58I & WA M-+ A84-F (P-13118%AKBvember 2005 -3

2 gp120 lgGWingeeclanal antinedy. was sbiarwediragst)e MHIARA Reserfiaéd Refgrence Reagent
Program (Chesebro & Wehrly, J. Virol. 62, 3799-3788,1988; Pincus et al., J. Immunol. 142,

3070-3075, 198d)YBriamaNAng AR eas vkt friagemeMalaicitnhA UPR) A RNEANSE kRS iagen,
Va|enCi35CAid#§€f)lﬂﬂ%§"ﬁ%%L§ig§)€ri inRNRNA SR rRReREEPI RASRIreverse transcriptase

(GibcoBRL, Gaithesburg, M CR reaction was then carried out using the Expand long

template PCFEa{/5RSRY oM RIRE M SIEELIGRTBIR METBATISCATIRE F4b BRI KnelFEAING RN Ehe following

primers: IgL: té@lé‘_lﬁ’l'é"fﬁ’@ﬁé %M@ﬁ&éﬁ@ MdtdediaBisdmeraichls RGN, BRexgrse: S
GCGCCGTCTAGAATTAACACTCATTCCTGTTGAA 3 IgH: Forward: 5'

GGGAATTCATERARTRMAG RS TYWTYCTCTT 3' and 5'
ACTAGTCGACATGACTCCAGGCTCAATTTAGTTTTCCT3' 15 (R=AorG;Y=CorT; S=Cor G;
W = A or T) Reverse! 5 TTATTTACCAGGAGAGTGGGAGAGGCTCTT 3' PCR products were cloned
into pCRA-TOPO velesraEihg thA6 PRTIBAAGT TTCCTTCTCAACTTCTGCTCTTCC 3

Reverse: 5° GCGCCGTCTAGAATTAACACTCATTCCTGTTGAA 3’

IgH:

Forward: 5° GGGAATTCATGRAATGSASCTGGGTYWTYCTCTT 3’ and

5’ ACTAGTCGACATGGACTCCAGGCTCAATTTAGTTTTCCT 3’

15 (R=AOrG,Y=COrT;S=COrG;,W=A0rT)

Reverse: 5’ TTATTTACCAGGAGAGTGGGAGAGGCTCTT 3’

PCR products were cloned into pCRII-TOPO vector using the TOPO TA
cloning kit (Invitrogen, Carlsbad, CA, USA) and DNA sequencing of the plasmids
was carried out in the core facility at the Institute of Molecular and Cell Biology.

20 200 ng of the double-stranded templates and 10 ng of the primer were used for the
dideoxy method with the Taq DyeDeoxy terminator cycle sequencing kit and the
automated DNA sequencer 373 from PE Applied Biosystems (Foster City, CA,
USA).

Secreted antibodies from the hybridoma were captured onto protein A/G

25  beads (Oncogene Research Products, Cambridge, MA, USA) and then the beads
extensively washed with PBS, before the bound proteins were eluted with
Laemmli’s SDS buffer by heating at 100 °C for 5 minutes and separated on a 15%
SDS-polyacrylamide gel. The two major bands at ~ 55 kDa and ~ 20 kDa were
excised from the gel and processed for Edman sequencing on a Perkin Elmer

30  machine according to manufacturer’s protocols.



cloning kit (Invitrogen, Carlsbad, CA, USA) and DNA sequencing of the plasmids was carried out in
the core facility at the Institute of Molecular and Cell Biology. 20 200 ng of #Ad\RYEBIREE 6% 0ried
templates and 10 ng of the primer were used for the dideoxy method with the Tag DyeDeoxy
terminator cycle sequencing kit and the automated DNA sequencer 373 from PE Applied Biosystems
(Foster City, CA, USA). Secreted antibodies from the hybridoma were captured onto protein A/G 25
beads (Oncogene Research Products, Cambridge, MA, USA) and then the beads extensively washed
with PBS, before the NSaHRipabieshsciie & thednaire aawimmsishiSrifref Blermebifrgyat 100 C for 5

minutes and sepaEieSPMEHAHISRIOLYAR paifeapleTRe BYeVBIRIE8aYSAlNHS kDa and - 20

kDa were excised from the gel and processed for Edman sequencing on a Perkin Elmer 30 machine
according to ntRIVAERPEPY prsRsctME g 4ThesretpieanseDef 188 Nalrmantibodynarieityl & the mature
heavy and light-chain g therdRIBe M dSECEREBY B REAPGRIANR MRS BRRiidE spawences of
EVQLQQSGAE and DIQMTQSSSY respectively. These sequences of the mature antibody matched
to amino aciddMiethus serfPmiveikedereshampusgatatnbinsereiiarpbsaR isBlatefk 5 cDNAS, thus
confirming theggfgﬁﬁgh}r_nmunoglobulin genes have been isolated (Figure 8). Example 8: Cloning of
IgL and IgH into expression vectors and construction of chimeric proteins 10 IgL was cloned into Kpn |
and Not | sites of pXJ4lneo and IgH was cloned into Kpn | and Hind Il sites of pCep4 vector
(Invitrogen). Chimerig e ARRIMIIE AMER R RRRsliiak Bb Asing dbRsirapsmesRorane
domain and thHe cytopfasmic talt of CI-MPR (aa 2305-2492) 10 the C-terminal of the fai-tength IgH
clone. SimilarlghigierEl IVORIMS constructed by 15 the addition of the transmembrane region and
cytoplasmic tail of LDLR (aa 790 to 860). C-terminal 188 as of the human cation-independent

mannosd &-phospatd e W&istelo(eL MoRSRhband Netdr shes h marfbrrimsigHivGEs @redreceptor

into Kpn | and Hind 11 sites of pCep4 vector (Invitrogen).

Chimeric heavy chain IgH-ACI-MPR was constructed by fusing the
transmembrane domain and the cytoplasmic tail of CI-MPR (aa 2305-2492) to the
C-terminal of the full-length IgH clone. Similarly, IgH-ALDLR was constructed by

15  the addition of the transmembrane region and cytoplasmic tail of LDLR (aa 790 to
860). C-terminal 188 aa of the human cation-independent mannose 6-phospate
receptor (CI-MPR) and 71 aa of the human low density lipoprotein receptor
(LDLR) were obtained by RT-PCR using total cellular RNA from HepG2 cells as
described above. The primers used were:

20 CI-MPRfor: 5° CCCAAGCTTGCAGTCGGCGCGGTGCTCAGC 3’

CI-MPRrev:5' ATAAGAATGCGGCCGCTCAGATGTGTAAGAGGTCCTCGTC 3’

LDLRfor: 5’ CCCAAGCTTCTGTCCATTGTCCTCCCCATC 3’

LDLRrev: 5’ ATAAGAATGCGGCCGCTCACGCCACGTCATCCTCCAG 3’

The PCR products were then ligated into the 3’ end of pCep4-1gH using the
25  Hind Il and Not I sites, to give chimeric heavy chains, IgH-ACI-MPR and IgH-
ALDLR respectively.

Example 9: Chimeric IgH associates with IgL and chimeric recombinant

antibody expresses on cell surface




(LDLR) were obtained by RT-PCR using total cellular RNA from HepG2 chgés %305555 above. The
primers used were: 20 CI-MPRfor: 5 CCCAAGCTTGCAGTCGGCGCGG
CI-MPRrev:5'ATAAGAATGCGGCCGCTCAGATGTGTAAGAGGTCCTCGTC 3
LDLRfor:5'CCCAAGCTTCTGTCCATTGTCCTCCCGGHATC3' LDLRrev:
5'ATAAGAATGCGGCCGCTCACGCCACGTCATCCTCCAG 3' The PCR products were then ligated
into the 3' end of pCep4-IgH using the 25 Hind Il and Not | sites, to give chimeric heavy chains,

IgH-ACI-MPR and |glarichtl traneizpe oh\edyerfriamplecs Sehionatd (@@ Esketates ith IgL and

chimeric recombinant antibody expresses on cell surface 24 November 2005 -34 Transient

transfection eXPRTREAN FORIIEAT A EIHE BRBER e Hah FREQiBINILQ 48Rt from QIAGEN

(Valencia, CAnkhafabt@eeQidiR@dp the garnaiagiiierduniathi toraeneirly siphlestienrg that
constitutively express the IgL chain, 20 Itg of DNA were mixed with about 5X106 293 cells and

electroporate@atns20.09 RUQMW%@B@M’MDW CA3 YA porkAeghABerasEdine. Cells
were selecteg by idroying iy 981 HRAM %W@'@AWE@I s RYeRYopiss Were isolated and

total protein analyzed by western analysis. A single clone that expressed high level of IgL was then

re-transfectedatetirsl Sxraowiaa e Owvitmo/entioh gaosd NG beaB &b )sane rnglsl eoted espg®ving in 0.2

amalysis, T e e e e e Ry o

total protein dmgbée\tehobtguewsﬂneeddsymdmnaimmdwneWMm Paamses (BiddRidAd, IL, USA).
30 ug of total were separate 150/ SDS- acr |de to nitrocellulose
THO e N RO TR (Rl

membrane. THt 2 e rane Apige egectlon of IgL
protein, the blmﬂmms waeba:t%d\wmtgtﬁl mﬂlmmlaty:zmd)yh\mmehags(ﬁRP) conjugated anti-light

O o A SRR N W PR R e o erhancee
1% NP40) and total protem concentration determined by Cosmasﬂe Plus reagent
from Pierce (Rockford, IL, USA). 30 ug of total were separated on a 15% SDS-
polyacrylamide gel and transferred to nitrocellulose membrane. Then, the membrane

15  was blocked with 5 % non-fat dry milk. For detection of IgL protein, the blot was
incubated overnight with a horse-radish peroxidase (HRP) conjugated anti-light chain
antibody from BD Pharmingen (San Diego, CA, USA), followed by detection using
an enhanced chemiluminescence method (Pierce). For the heavy chain, the blot was
incubated with an HRP-conjugated goat anti-mouse (Pierce) antibody before

20  detection.

Transient expression of each chimeric heavy chain respectively together with
the full-length light chain (IgL) showed that most of the heavy and light chains are
retained in the cell. In contrast, transfection of the original 1gH together with IgL
resulted in secretion of the recombinant antibody into cell culture medium (Figure

25  9A). Inaddition, thereis proper association between the different heavy chains and
light chain in solution (either cell culture medium for IgH or cell lysate for IgH-DCI-
MPR and IgH-DLDLR) as capturing the heavy chains with protein A/G beads (which
binds to constant region of IgH) also pulled down IgL proteins (Figure 9A).

Cell surface expression was analysed by FACScan analysis. Transiently

30 transfected 293T cells were harvested, washed in PBS and resuspended at 1X10°



incubated with an HRP-conjugated goat anti-mouse (Pierce) antibody befg Iﬁ 0 detecg Transient
expression of each chimeric heavy chain respectively together with the fu gngh ain (IgL)
showed that most of the heavy and light chains are retained in the cell. In contrast, transfection of the
original IgH together with IgL resulted in secretiongf the recombinant antibody into cell culture
medium (Figure 25 9A). In addition, there is proper association between the different heavy chains and
light chain in solution (either cell culture medium for IgH or cell lysate for IgH-ACI- MPR and
IgH-ALDLR) esleantuoreithoieynere neuniteciethiadoid aeareiylistibbiiotogenstant region of

IgH) also pulled down IgL proteins (F ure 9,6%)g Cell surface expression was analysed by FACScan

analysis: Tra/fSRIHEF SRt @'If‘?fe ey et ha@e@@%@@%@@%%gﬂspended at
1X106 24 Nopggriisbrfeh cﬁﬁé[@mse@}w ij;qbgwﬁre incubated with a goat anti-F(ab’)2 antibody

(9 ug/ml) conjugated with FITC (Pierce) for 30 min at 4 C, washed and analnged on a Becton

Dickinson flow cytorfrétePeaaan @RW@L#&?I MC@BM%%W&H@ IStk tAER §F &inplexed with

IgH-ACI- b]lg%r I t blnd an
anti-F(ab’)2 antgogym%%rl%conjuggte ) ( %Flﬁ%%%%%tﬁ%{n st, c g(%%lﬁnaﬁ%ct |th the original IgH

and IgL wereammuw(ﬁm\mmﬂdagngﬁﬁ)bdmmmmmelIS@r&DéMadfmﬂ?d@layed chimeric
antibodies under izati n 293 I d 293-IgH-ALDLR, which
expresses higﬁw q%]\?lei[q_‘ an%pqlgaugta%-ualns?) \'/%/(z}e obt ELaglﬂ F138(:]’13§,fectlon of 293 cells (Figure
9C). To determine if these cIones can bind and internalize an anti-F(ab")2 antibody, live cells were
overlaid with 2 anti-F(ab"2 a ndoc tosis to occur, 15 followed by PBS washes and
cell fixation afHORtG - aCedilayed ChIeric ARANOCLeR UNJerao, o e plated onto

poly-D- Iyslne|f{$@m|z§t|bQU|s USA) treated 4 weII Permanox slide chambers (Nalge Nunc

International Corp., IL, USA)
Stable clones, 293-1gH-DM6PR and 293-1gH-DLDLR, which expresses high

levels of heavy and light chains, were obtained from transfection of 293 cells (Figure
9C). To determine if these clones can bind and internalize an anti-F(ab'), antibody,
live cells were overlaid with the anti-F(ab"), antibody to allow endocytosis to occur,

15 followed by PBS washes and cell fixation and confocal microscopy as described
below.

30,000 live cells were plated onto poly-D-lysine (Sigma, St Louis, USA)
treated 4-well Permanox dlide chambers (Nalge Nunc International Corp., IL, USA)
and allowed to settle overnight. Then 0.2 ml of 7.5 ng/ml of goat anti-mouse

20 F(ab),-FITC antibody (Pierce) was overlaid onto the cellsfor 1 hat 37 °C. The
plate was then cooled on ice for 5 min before any unbound antibody was removed
with 3 washes of cold PBS. For stripping of surface-bound antibody, the cells were
further incubated with cold 0.2 M acetic acid/0.5 M NaCl (Haigler et al., J. Biol.
Chem. 255, 1239, 1980) for 5 min, followed by PBS washes. Cells were fixed with

25 3.7 % formaldehyde for 10 min at room temperature following by PBS washes.
Slides were mounted and pictures taken on a MRC1024 laser confocal microscope
(BIORAD).

A large amount of total (surface and intracellular) anti-F(ab'), antibodies was
observed in 293-1gH-DCI-M6PR and 293-IgH-DLDLR cells but not in the parental

30 293 cdls. When an additional acid wash was included to remove surface bound anti-



and allowed to settle overnight. Then 0.2 ml of 7.5 Itg/ml of goat anti-mous %}? F%%E%%_oggc antibody
(Pierce) was overlaid onto the cells for 1 h at 37 C. The plate was then cogfe % to min before
any unbound antibody was removed with 3 washes of cold PBS. For stripping of surface-bound
antibody, the cells were further incubated with colg§.2 M acetic acid/0.5 M NaC1(Haigler et al., J.
Biol. Chem 255, 1239, 1980) for 5 min, followed by PBS washes. Cells were fixed with 25 3.7 %
formaldehyde for 10 min at room temperature following by PBS washes. Slides were mounted and

pictures takerr@h'p MRECLY2kiazetaiditatah mesostiope atdHEEIAY hinfidedis arreunt of total (surface
and intracellular) anti-F(ab")2 antibodies was observed in 293-IgH-ACI-M6PR and 293-IgH-ALDLR

cells but not iRAPREYSHAEAEF- KL BS IsMEBRANMLASEH dd it dAa RIS AL M ardiga: Hto remove

surface bounthaRbeAtAMEMIY LRRIrES FiRbdaASHB0AY thafere el Bxmie dpdernalized
anti-F(ab'’)2 antibodies were observed in 293-IgH-ACI-MPR and 293-IgH-ALDLR cells and were
localized in iRRICSHNAPGRSIMessmledre mene aithashesracatquhecerldhasednpEC expressing
properly assephigdicRins e %@9%&%&&1' surface and these chimeric 5 antibodies can be rapidly
internalized. Example 11: Antibody secreted by hybridoma and recombinant antibody can bind HIV-1
MC99IllIBATat-Rev virus in vitro The attenuated HIV-1 MC99IIIBATat-Rev virus, which can only

propagated J&g}%@ﬂf%‘lﬁgﬂ&&i \Stit l‘?ll}'d%)ﬁﬁ’%ﬁ‘?dt?é@dm OGRS _o.. gle source of

high titre HIV=Ivirus. TTie HIV-I MCI99TH at- Z1g10
cells (cataloghinchbé V12 M8 BDEadREromubenNiH AIDS Research & Reference Reagent

Program. Viruses were propagat revi scribed and stored at -70 C. 15 For ip vitro
binding experiments%@%%%ﬂ%ﬁﬁf‘@Z’t?b%%éﬂﬁ%gj;@d W%?iéﬁ‘ﬁ’r‘% 68> ‘?W the gp120
envelopgpproigicem HINRTMESABLhatit R yiEpr e CEe el a8l pndisgeendny brigeass 902 were

captured onto protein A/G (which binds to IgH constant region), followed by PBS + 0.2 % NP40
washes and hightitre HIV-1 virus. The HIV-1 MC99I1IBDTat-Rev virus (catalog number 1943)

and CEM-TART cells (catalog number 1944) were obtained from the NIH AIDS

Research & Reference Reagent Program. Viruses were propagated as previously
described and stored at -70 °C.

15 For in vitro binding experiments to confirm that antibodies secreted by
hybridoma 902 can recognise the gp120 envelope protein on HIV-1 MC99111BDT at-
Rev virus, secreted antibodies from hybridoma 902 were captured onto protein A/G
(which binds to IgH constant region), followed by PBS + 0.2 % NP40 washes and
then overnight incubation with HIV-1 MC99111BDT at-Rev virus diluted 10 times

20  with the same buffer. The beads were washed and any bound virus eluted by boiling
the beads in Laemmli’s SDS buffer and detected by western analysis using an anti-
gp120 antibody (NEN Life Science Products Inc., Boston, MA, USA). Antibody
secreted into the culture medium following transient transfection of 293T was tested
for virus binding in the same manner.

25 As shown in Figure 10, beads which adsorbed antibodies secreted by the
hybridoma or antibodies secreted by 293T cells, that were transiently transfected
with IgL and IgH, were capable of binding virus. No binding of virus was observed

when the cells were transfected with IgH only.



then overnight incubation with HIV-1 MC99IlIBATat-Rev virus diluted 10 '[II?;% VE% %8 same buffer.
The beads were washed and any bound virus eluted by boiling the beads Q&M S buffer
and detected by western analysis using an anti- gp120 antibody (NEN Life Science Products Inc.,
Boston, MA, USA). Antibody secreted into the cultgye medium following transient transfection of 293T
was tested for virus binding in the same manner. 25 As shown in Figure 10, beads which adsorbed
antibodies secreted by the hvbridoma or antibodies secreted by 293T cells, that were transiently
transfected with IgL and IgH, were capable of binding virus. No binding of virus was observed when
the cells were transfected Wlth IgH only. 24 November 2005 -37 Examle 12: CeIIs expressing

293-12H-ACIEIEBRIg 4S9 R 65580293 |Gkl bXed  NERRoa0 0 2950 8l dENTR DY, virus Overlay
experiment wgkg pﬁ@pﬁg}% pﬁ\gl%m@ggmeyéprﬁgyt\,ﬁ@sb )2 5 antibody except that the virus was
overlaid was for ours followed by acid wash to remove surface-bound virus and cell fixation.

Then, the cells wereoygﬂme@mﬁﬂé@mbwmmiﬁ%%m descobeadtipbavi fFoo@nbtbtREk for 30 min with

PBS co ain' i g24 monoclonal
antlbody (NEN Llfec{gme&%sf [%%%tiﬂjr? , follo Iglgwégncu agﬁgr%ﬁo ﬁk@ﬁ%@\éﬁc -conjugated
goat anti- mous&mbam\(@aﬂfaoenmrﬁumam@gwfsma Crbenche ceiaweareve 293-IgH-AM6PR
and 293-1gH- QDI 613 e NSO o Mool IBATal el i35, 9556ilb g Ay for I or 31

at 37 C, follo Dy acl was to remove any sUrface rus. The cells ixed and
permeabilizeddidaforé %qmnfmdBﬁA/ Qargma)ﬁmmmbatwaiqnéﬁmmmmmalﬁlahtl -HIV-p24

antibody. AfterJh, stron racellular staini s obs oth M6PR and 293-
GH-ALDLR cBAE BU TP DRt e SR e T e Lt et and
transported tddsolpiviiikk ma@&ut@uﬁe@owmnmﬁeﬂﬁt&mamﬁmonger intracellular staining
\r/]v:\feobservedBiior{gc Roﬁrcl)&/ c,e EP& are Ar,r18rSeA§hrunken, indicating that the internalized virus may
Live 293-1gH-DM6PR and 293-1gH-DLDLR cells were overlaid with
MC99l1IBDTat-Rev virus as described above for 1h or 3h at 37 °C, followed by acid

wash to remove any surface bound virus. The cells were fixed and permeabilized

15  before staining of any virus inside the cells was performed with an anti-HIV-p24
antibody. After 1h, strong intracellular staining was observed in both of 293-1gH-
DCI-M6PR and 293- IgH-DLDLR cells but not in the parental cells. The virus
appeared to be have been internalized and transported to Golgi-like intracellular
structures within 1 h. After 3h, even stronger intracellular staining was observed and

20 the cells appeared more shrunken, indicating that the internalized virus may have

some cytopathic effects on the cells.

Example 13: Cells expressing Chimeric antibody IgL/lgH-DCI-M 6PR can be

infected by a pseudotype HIV virus

25 293-1gH-DCI-MPR (clone 9) and 293-1gH-DLDLR (clone 10) stable clones
were analyzed for surface expression of chimeric antibodies by FACScan analysis.
293-1gH-DCI-MPR cells showed higher surface expression of antibodies then 293-
IgH-DLDLR (Figure 11A). The cells were infected with a pseudotype-virus, HXB2
(He and Landau, 1995, J. Virol., 69: 4587-4592). This pseudotype virus contained a

30 luciferase geneinserted into the nef gene and infection of cells with this reporter




some cytopathic effects on the cells. Example 13: Cells expressing Chimetj Iintibad}/
12L112H-ACI-M6PR can be infected by a pseudotype HIV virus 25 293-Ig4§- i Fg%?one 9) and

293-IgH-ALDLR (clone 10) stable clones were analyzed for surface expression of chimeric antibodies
by FACScan analysis. 293-IgH-ACI-MPR cells shayged higher surface expression of antibodies then
293- IgH-ALDLR (Figure 11A). The cells were infected with a pseudotype-virus, HXB2 (He and
Landau, 1995, J. Virol., 69: 4587-4592). This pseudotype virus contained a 30 luciferase gene inserted

into the nef genaeswgsiniesiing Gyatiterwithin iheepatex 8 dieeadgerrdfloddd praswas measured
by determining the amount of luciferase gene product present in lysates of the cells using commercial
&t{éﬁ flgeﬂf

reagents (Proyvegs SR CHSHBRLOrRaR A reageit(FHTRR dioh) oA i efiWere treated
with 100nM Pi/8uippdsBiinfeefiene the ipriscyeendysad aeaassanedomiNLPlgrars agHvity.

293-IgH-ACI-MPR 5 showed luciferase activities (-9 fold greater than in untreated cells) only in

infected cellPgigfiatpetisyvetelysrdanhassryesbioh! Hetrase aeinthha?lathéiGtH with PMA
(Fig. 118). ThisdReifRi§RFaat 3RS A MR M%@Jﬂw (e SaRliciie Rl HGHRRlisgd virus.

293-IgH-ALDLR cells did not show significant [Uciferase activities even after PMA treatment and this

may be due tedlstheinaeeipesissiovitbiPNA et rititasted sels thet suefacetor eatasbntls in
comparison t@,293-|gH-AC]- ' Example terl nd Methods 15 Sera from
HCV-infected%p'%a%‘eﬁg S‘fe@u}nwlfaﬁr%ﬁggav{;gg 0 %ﬁ%ﬂgg%@%ﬁﬁ%{ﬁﬁﬁl iﬁ%gglﬁon being
followed at thef Natioriibddnirersii3o80gpitbl. SirRapitseidine: shoaustafickoM i¥éadn these two sera
were quantified by the branched DNA method (Quantiplex HCV 20 RNA assay; Chiron Corp.
Emermile, GRNHERSVED FEER LA BT O D B M AP IRE SRPRA Singapore,
and any;emaiRifngrRAERIRRINSER the surface of these cells in comparison to 293-IgH-DCI-MPR

(see Fig. 11A).

Example 14
M aterials and M ethods

15
Sera from HCV-infected patients
Serum samples were obtained from two patients with HCV infection being
followed at the National University Hospital, Singapore. The amount of HCV RNA
in these two sera were quantified by the branched DNA method (Quantiplex HCV -
20  RNA assay; Chiron Corp. (Emeryville, CA, USA)) at the Molecular Diagnosis
Centre, National University Hospital, Singapore, and any remaining samples were
stored at — 80 °C. The viral loads of the serum of patient A and B were 63.4 X 10°
equivalents/ml and >120 X 10° equivalents/ml, respectively. After it was confirmed
that no further testing of these samples were necessary, they were transferred, with

25  the administrating doctor’s consent, to our laboratories for the experiments.

Internalization of HCV particles

5 x 10° cells were plated on 6 cm plates and allowed to settle overnight. The
cells (about 50 % confluent) were washed twice with DMEM medium without FBS,



stored at - 80 C. The viral loads of the serum of patient A and B were 63.4 X 106 equi @ nts/ml and
>120 X 106 equivalents/nil, respectively. After it was confirmed that no fur’%ﬁ% %% §1ese
samples were necessary, they were transferred, with 25 the administrating doctor's consent, to our
laboratories for the experiments. Internalization of B4CV particles 5 x 105 cells were plated on 6 cm
plates and allowed to settle overnight. The cells (about 50 % confluent) were washed twice with
DMEM medium without FBS, 24 November 2005 -39 followed by addition of diluted serum (100 pl of

serum with 968 plaioy Edditine efanudthasitmB R0 whiskssaarof ine atavshDiwERgent or pre-cleared
with antibodies as described below. The cells were left for at least 8 h in a 37 C incubator, 5 % CO2,

before they wWERSWAMERPHL feh iy RFEAR E RALGH AT P N6 GERIPE MU Tplete DMEM
medium was aeifeiie Raiealihan ddlp cetisenans welt e ddodheda®haia 37wo days later, the cells

were trypsinized and all the cells transferred to a 15 cm plate for further incubation. Another 5 days

later, the celld"WERCID Ui ed BFfgresheriwer amesisd e WHN DR MM Wiy ERwha) PBS and
used imrgediatply|or S1arefl @rBRE I EA HER TR LGRS TR RIS AHIRELLO times with

DMEM medium without FBS and sterile-filtered deoxychloate solution (Sigma, 0.5 % stock) was

added to a fiﬂ@t@éﬁ@éﬁﬁ%@immgﬁ)ﬂlam&‘%, abecellpver e tispsipEed snEloRaes) Svere prepared
as described {n,apuigaeiuteEs R AGeAJURIRB RS oehbiRs) 204, < 135PeRd Gl Ty was added to

the detergent-treated serum and 15 incubated overnight at 4 C. This step removed the detergent from

the serum to Vpees/Bppanized daddaiiest eshantonashed Twise wik o B vikari et Ni@aal Eisttle by gravity
and the superpatant ¢ [ v, veHajd on the cells. For the pre-clearing experiments, 1 ml
of diluted serl%Pr]na 8%8 ?ﬁ&%@ruéywmgcggg 6& c%ta D€IEM without FBS) was incubated with 10 pg of either
anti-HCWE?2 20 antibod{r¢aossnanBio e ergis)t osepmtireranicizatiibimeSantta DviEzyland 100 pl of
protein A/G bsads (neagenERegeRLeh Riaduei UGN 2L G G MR 085, ey were spun
down and the supernafan OverRRA'OR the cels THe Baaas were gma, L5 7o

was added to afinal concentration of 0.05 % and mixed at 4 °C for 4 h. Bio-beads

(BIORAD) were prepared as described in manufacturer’s protocol (using DEPC-
treated PBS) and 2 ml bead slurry was added to the detergent-treated serum and

15 incubated overnight at 4 °C. This step removed the detergent from the serum to
prevent any toxic effects on the cells. Then the beads were allowed to settle by
gravity and the supernatant carefully remove and overlaid on the cells.

For the pre-clearing experiments, 1 ml of diluted serum (100 pl of serum with

900 pl of DMEM without FBS) was incubated with 10 pg of either anti-HCV E2

20 antibody (Austra Biologicals) or anti-c-myc antibody (Santa Cruz) and 100 pl of
protein A/G beads (Oncogene Research Products) overnight at 4 °C. After that, the
beads were spun down and the supernatant overlaid on the cells. The beads were
washed twice with DEPC-treated PBS and total RNA was extracted from the
immuno-complexes with Trizol LS (Gibco BRL), according to the manufacturer’s

25  protocol, and resuspended in 30 ul of DEPC-treated water. Each RNA sample (nest,
10X, 30X and 100X dilutions) was tested for positive strand HCV RNA as described
below.

RNA extraction, reversetranscription and nested PCR
30 Total RNA from ~ 3 X 10° cells were extracted with Trizol (Gibco BRL)



washed twice with DEPC-treated PBS and total RNA was extracted from tz%ﬂm%o?%@plexes with
Trizol LS (Gibco BRL), according to the manufacturer's 25 protocol, and re s&é 0 pl of
DEPC-treated water. Each RNA sample (neat, 10X, 30X and 100X dilutions) was tested for positive
strand HCV RNA as described below. RNA extractign, reverse transcription and nested PCR 30 Total
RNA from - 3 X 106 cells were extracted with Trizol (Gibco BRL) 24 November 2005 -40 according to
the manufacturer's protocol, and resuspended in 60 | of DEPC-treated water. 5 pl of RNA was treated

with 5 U of Riasedirest &itesehiitactvecrDd pgmosttsarid mesitpbhead e o  GerDErY)-aedédC for 1 h,
followed by inactivation of DNasel by heatin(gg[ at 100.C for 10 min, For the detection of positive strand

5 HCV RNA, W#For DMLIRY WG Regedalimel Al RNGSSURS CINERI AN € for 1 h using the
antisense primgigAB&ickadias, MshhéRecbahar) @B ool ot perJelibivétB)rRetvatiererse

transcriptase (Gibco BRL) in a final volume of 10 |, followed by inactivation by heating at 70 C for 15

min. This pro8UEINGSE! (YReANE HRREGER EL BN PTIR the et PR RedbiB Y carried out using
the extergal prEeIRNA (BHBFTSAREMPS-RLPA0A SRRIARIRRF S aTaRied G Jépmplate in a

total volume of 25 pl and the second round of PCR then performed using internal primer set

(antisense prmr@ltb%ﬂai@?@é)ﬂmﬁe?%ab% WMBQ%@H@%@%R‘C %Q@t%ﬁﬁs template.
For the deteﬁ\%m‘?&@%@%@@ﬁ%&@é@@%ﬁé@ﬂgﬁ%ﬂ%ﬁ&dﬂ&ﬁ@%@ 157, AYIRGHPY Lanford et

al., Virology 202, 606-614, 1994, was used. 5 | of DNasel- treated RNA was reverse transcribed as
above excepthiegivatiggsy heiieg aTACRGIr(sends, Taliteonesnesasat setamnpiiter inactivation of

or 3 o TLQEMBE R TR NS S SRR T
PCR usittg exanthpeiprenaet0 Al senbaptisen 9832 0kl(e s eid) STidisempktfelloatatddy a second
round of PCR Using IS QUTEE S8, F RS NG BRUSEASE b THaRIG) HERA Rl L he products
set (antisense primer 211 and sense primer 940, Table 3) with 1 pl of the first PCR
reaction as template.
For the detection of negative strand HCV RNA, the tagged primer method
15  devised by Lanford et al., Virology 202, 606-614, 1994, was used. 5 pl of DNasel -
treated RNA was reverse transcribed as above except that the tagged primer,
TAGNCL1 (sense, Table 3) was used instead. After inactivation of the reverse
transcriptase, the template was further treated with 0.1 mg/ml of RNaseA (Sigma) at
37 °C for 30 min to degrade any remaining RNA. Then, 5 ul of the template was
20  used for the first round of PCR using external primer set, TAG and antisense 209
(Table 3). Thiswas followed by a second round of PCR using internal primer set,
TAG and antisense 211 (Table 3), using 1 ul of the products from the first PCR as
template.
Cellular GAPDH mRNA was used to check that similar number of cells was
25  used in each experiment. For this purpose, 1 ul of DNasel-treated RNA was then
reverse transcribed as above except that oligodT (Roche) was used instead. Then 1
ul of the template was used for one round of PCR using the primers, GAPDHfor and
GAPDHrev (Table 3).
All PCR were performed using Titanium Tag DNA polymerase from
30 Clonetech Laboratories Inc. (Palo Alto, CA, USA) in afinal volume of 25 pl and



template. Cellular GAPDH mRNA was used to check that similar number ?40 lls w sg@% sed in each
experiment. For this purpose, 1 pl of DNasel-treated RNA was then reverse 8%%6% g above
except that oligodT (Roche) was used instead. Then 1 pl of the template was used for one round of
PCR using the primers, GAPDHfor and GAPDHrey;(Table 3). All PCR were performed using Titanium
Tart DNA polymerase from 30 Clonetech Laboratories Inc. (Palo Alto, CA, USA) in a final volume of 25
pl and 24 November 2005 -41 PCR conditions are as follows: 95 C for 2 min, followed by 35 cycles of

95 C for 30 seCcRxhdivtr3bress ol éwtoos ruoa2dninfifticnddtsios aydesoffos 40 fwin. Amplified
products (25 .EE? from the second round of PCR for positive and negative _strand viral transcripts, or

from one rourtld FPER FolEAPER, {fefe QL JdifeaGAA B R de GelalRi Wi IANzed under UV
light after stainipgl Wi srédEke25qmifdentierteREhd YaisiZstoOR i PeHthes arkl eligvihe negative

strand RT-PCR products were separated on agarose gel and blotted onto Hybond-N membrane

(Amersham-FHaERANER H@'ﬁ‘fﬁi&t@h‘j’f PR aREARYINGR fer GORkIEh Wes FoaARRERa,

correspogding tp SRAYNES INdVREIR eV UNaRht Brblerhinpglabel et yrd3ATddATP (NEN
Life Science Products, Boston, MA, USA) by T4 polynucleotide kinase (New England Biolabs).
ExpressHyb hybridization solution (Clonetech) and 10 g/ml of sheared salmon sperm DNA (Sigma)
were used forsmm}iuw I13tien. B filters 15 were incubated at 60 C for 14-16 h after which they were
washed twice with 2XSSC-0.1 % SDS and twice with 1XSSC-0.1 % SDS, at room temperature and
finally twice in 0.1X$9Cuthe sDettiagcthenepatividigrentdre W peetiict Sarie veparetadd exposed to

e B A A R BRI SR R AT senaron o
(Qiagen)and Bigéwel) intty pidRist it M@s varcted astrwitiharTol gbonitiepkiddr correspomemidt least 3
clones from eggh 10a%0e 5'NCR (HCV probe, Table 1), 5 -labeled with [y-2P[dATP (NEN

Life Science Products, Boston, MA, USA) by T4 polynucleotide kinase (New

England Biolabs). ExpressHyb hybridization solution (Clonetech) and 10 pg/ml of

sheared salmon sperm DNA (Sigma) were used for the hybridization. Thefilters

15  wereincubated at 60 °C for 14-16 h after which they were washed twice with
2XSSC-0.1 % SDS and twice with 1XSSC-0.1 % SDS, at room temperature and
finally twice in 0.1XSSC-0.1 % SDS, at 60 °C. The filters were wrapped in

SaranWrap and exposed to autoradiography films at -80 °C for 12-24 h.

20 TA cloning and sequence analysis
After separation on agarose gel, positive strand RT-PCR products were
excised and purified using the QIAquick kit (Qiagen) and ligated into pCRII-TOPO
vector using the TA cloning kit from Invitrogen. At least 3 clones from each ligation
were sequenced (with both M 15 forward and reverse primers) and confirmed to be
25 identical. Sequences were aligned using MegAlign software (DNAStar Inc.,
Madison, Wisconsin, USA).
DNA sequencing of all constructs was carried out by the core facility at the
Institute of Molecular and Cell Biology. 200 ng of the double-stranded templates
and 10 ng of the primer were used for the dideoxy method with the Taq DyeDeoxy
30 terminator cycle sequencing kit and the automated DNA sequencer 373 from PE



were sequenced (with both M15 forward and reverse primers) and confirmg%&o be 25 % ntical.
Sequences were aligned using MegAlign software (DNAStar Inc., Madison, %\(’:%?Pselrn? A). DNA
sequencing of all constructs was carried out by the core facility at the Institute of Molecular and Cell
Biology. 200 ng of the double-stranded templates .@nd 10 ng of the primer were used for the dideoxy
method with the Taq DyeDeoxy 30 terminator cycle sequencing kit and the automated DNA sequencer
373 from PE 24 November 2005 -42- Applied Biosystems (Foster City, CA, USA). Results 5 Chimeric

receptor, TIRAFPRE] Biegystenef(icisndratitly ch-i08articles into Huh7 cells We tested the ability of
the stable Huh7 clones to mediate HCV entry. Serum from two HCV-infected patients (A and B) were

overlaid onto untransfected Huh7 or Huh7-CD81WT or Huh7-TfR-CD8L1 cells for a period of - 8 h,
after which thggg j{@ cells were washed extensively and re-incubated with fresh media for 7 days. Total
RNA was subsequently extracted from the cells and nested RT-PCR performed to assay for the
presence of positive strand viral transcripts as an indicator of internalization of HCV particles. As the

genotypes wergiinikialy aebkBOWRRIe SeCMRARSE B RIEEERHSES AR RS FRFhosen from

regions in 5' non-coding 15 region (5' NCR) that are well conserved between all known HCV variants.
These primeRBYTaBRYB) correspond to nucleotide positions (nt) 36 to 73 (sense) and nt 331 to 279

(antisense) of represgpiakie hSgIAE BN BT AN BRAG 5 Aol iRby G 0G4 3, 1991

GenBank accession number M58335) and are similar to the ones commonly used in the literature for

genotyping oflaO\VisoEa&iHfeated i A ($hendsBhaese aiter sidontsunsiagstestedHibrh patient A. No
positive strang, %N?S@ﬁgiwgrpﬁlﬁm%ﬂuéﬁgﬁg%Féﬁ%%gﬁlw %ﬁ{?@f?%{ﬁ]& WA tﬁ@”m'CDSlWT

cells but a strong signal was observe ells, showing that a signiticant amount of

HCV patticlesellasverewatdimddxteosraly7aTdRe-CD8bted isi(Figedonegaiel T) daybehatad same

experiments RR& R/%gcs)ﬂ s%guvé/rqtrlly extracted from the cells and nested RT-PCR performed to
assay for the presence of positive strand viral transcripts as an indicator of
internalization of HCV particles. As the genotypes were initially not known, the
sequences of primers used for RT-PCR were chosen from regionsin 5’ non-coding

15 region (5 NCR) that are well conserved between all known HCV variants. These
primers (Table 3) correspond to nucleotide positions (nt) 36 to 73 (sense) and nt 331
to 279 (antisense) of representative 1b isolate HCV-BK (Takamizawa et al., J. Virol.
65, 1105-1113, 1991; GenBank accession number M58335) and are similar to the
ones commonly used in the literature for genotyping of HCV isolates.

20 Figure 12A shows the results obtained using serum from patient A. No
positive strand HCV-specific RT-PCR product was detected for untransfected Huh7
or Huh7-CD81WT cells but a strong signal was observed for Huh7-TfR-CD81 cells,
showing that a significant amount of HCV particles was internalized into Huh7-TfR-
CD8L1 cells (Fig. 12A, panel 1). When the same experiments were performed with

25  serum from patient B, we initially found no positive strand RT-PCR products for
untransfected Huh7 or Huh7-CD81WT or Huh7-TfR-CD8L1 cells (Fig. 12B, panel I,
lane 1-3). Asit has been reported that some virus particlesin patient sera are heavily
coated with lipoproteins and/or anti-viral antibodies (1gG), we repeated the
experiment after treating the patient serum with 0.05 % of a mild detergent,

30 deoxychloate. This method was reported to remove lipoproteins/IgG gently from



25 serum from patient B, we initially found no positive strand RT-PCR pro%%t for unfr r%sfected
Huh7 or Huh7-CD81WT or Huh7-TfR-CD81 cells (Fig. 12B, panel I, lane -CE.FOX?? A een reported
that some virus particles in patient sera are heavily coated with lipoproteins and/or anti-viral
antibodies (IgG), we repeated the experiment afterjgeating the patient serum with 0.05 % of a mild
detergent, 30 deoxychloate. This method was reported to remove lipoproteins/IgG gently from 24
November 2005 -43 virus particles, resulting in enveloped virions, which can be trapped onto grids by
an anti-HCV riapéiietbs aed itisgalizeveldfiee\ddvns mitthsenibe thppel baldygradtssy e detergent

treatment, efficient uptake of viral particles was observed for Huh7- TfR-CD81 cells but not for

untransfectecMliR-dr Fr ALY AN SHRUZFE YV I BECH O MSTOSERRY 4 BRI &ifte of negative
strand RNA, vraielris suminignteno bariue viseikean|igali Qartiche Qaypied e$ g thampirand-specific
tagged RT-PCR method devised by Lanford et al., 1994. Again, no product was obtained with
untransfected' tRAFPShael R Pr-02d AWt EBFCGHAsHHbRS Pfu'%‘?‘hffﬁ- BT cealls §hignEePa weak
RT-PCR40 pﬁgc,}é;qt, }gp,@@(_édy light after staining with ethidium bromide (Fig. 12A and B, panel llI).
Further confirmation was obtained by Southern blot analysis (Fig. 12A and B, panel IV). The low level

of negative strand RN BESerge@agabeiBieans &R \0ih &7 a8 Id&asH ff PRINT ¥éRk or could be
that the time-point 4 Aay>alieiiMegimy Hred b Patineisbd RARRNGALT crllreirpd at later

time-points would be 15 needed to address this, for example, intermittent detection of negative strand

has been reﬂmteﬂliﬂrm%@decﬁlﬁ%aﬁgaiUmmf@mmtﬂﬂe@wwmt@@d'b&ﬂent A and B
e i SR A RS PR TR SR e e
to the cafrespwndimty BIdCRM digatrefiEr sfaiesgndtivetlgeinot/pemi del (FigBIRA saduinmendT akamizawa
e e B R e S e
panel V). Thelow level of negative strand RNA observed may be dueto alow level
of replication in Huh7 cells or could be that the time-point (7 days after infection)
used was not optimal. Analysis of cells collected at later time-points would be
15  needed to addressthis, for example, intermittent detection of negative strand has
been reported in infected primary human hepatocytes.
RT-PCR products from patient A and B (Huh7-TfR-CD8L1 cells) were ligated
into the pCRII-TOPO vector (Invitrogen) and the sequences of the inserts were
determined. Sequence of the RT-PCR product (205 bp) from patient A isidentical
20 tothe corresponding 5 NCR region of representative genotype 1b, HCV-BK,
sequence (Takamizawa et al., 1991; Genbank accession number M58335) and that
of patient B shows two mismatches (Fig 12C). Therefore, both patients A and B are
most likely to be infected with HCV genotype 1b.

25  Pre-clearing of patient serum with an anti-E2 antibody abolished
internalization of HCV particlesinto Huh7-TfR-CD8L1 cells.

The remaining serum of patient A was frozen after the overlay experiment
described above. Here, the serum was thawed and used to test if an anti-E2 antibody,
which can detect glycoslyated E2 proteins (data not shown), can immunoprecipate

30 HCV particlesfrom the serum. After incubating the serum with anti-HCV E2



25 Pre-clearing of patient serum with an anti-E2 antibody abolished interngg tion Of%%é’ particles
into Huh7-TfR-CD81 cells. The remaining serum of patient A was frozen a ?1‘@8% yexperiment
described above. Here, the serum was thawed and used to test if an anti-E2 antibody, which can
detect glycoslyated E2 proteins (data not shown), gan immunoprecipate 30 HCV patrticles from the
serum. After incubating the serum with anti-HCV E2 24 November 2005 -44 antibody or control
antibody (anti-c-myc antibody) and protein A/G beads, the beads were washed, RNA extracted, and

RT-PCR perfanigstycod eteidoamnibeitly €ptianchyd GtiRNY) asspeiatael Avthbideldeasibeais shown in
Figure 13A, some viral RNA was immunoprecfated by both the anti-HCV E2 and anti-c-myc

antibody. HoWS/EWa e R SHActth & KB ARERRRIACHTEE R, CRSeLRN RERNGRHERY performing
the RT-PCRHW PR REdHeisdneiie tHesesgs REbhdraintEidtné EShanshrdyrat kA was 30X

dilutions but not for control anti-c-myc antibody, showing that amount of HCV particles

immunopreci R QRISHRS S 2 FRtHAEY Fa<one 36 Fie@tHigHgr tRAWSVRh anti-c-myc
antibody 4Fi9\AAA ATl G AELRIEH RIRRI RSP ION ARG YOR2 I B TSR WRody. were then

used for overlaying onto Huh7-TfR-CD81 cells. The cells were then tested for presence of positive

strand HCV WA%%B&EQ&’SFE%WF}?W@@Q@?&\@,%IMfEQa@HT%\dﬁ%ﬂﬁﬁb@CN@\_ﬁil@ént amount of
viral particles fraraghe;sefupL BHPHM%n%FM?@W%%@&W%@QESF VADIMHHh7-TIR-CD81

cells that were overlaid 15 with the serum pre-cleared with anti 2 antibody (Fig 13B, lane 5). In
contrast, positiV¥ FREERMPORpESHIR eV It IbemtiEted dcl anbbotheveas dhto/38 fheescleared with

o BB EOTE ) SR mened e ety exenments o compere
Huh7TCIDB_1-LI_I)LR c€lie.stralaie Patcleiy valls antrel vt Ez_e_ni antibe rfigst antdoodhe rsigrexperiments
e A s s MR B R
Huh7-CD81Vifeseattse ¢fipdstB/e strand HCV RNA as before. As shown in Figure 13B, anti-E2
antibody remove significant amount of viral particles from the serum such that no
positive strand RT-PCR was observed in Huh7-TfR-CD81 cells that were overlaid
15  with the serum pre-cleared with anti-E2 antibody (Fig 13B, lane 5). In contrast,
positive strand RT-PCR product was clearly detected when the serum was pre-
cleared with anti-c-myc antibody (Fig. 13B, lane 6).
Here, we also repeated the overlaying experiments to compare the
internalization efficiency between untransfected Huh7, Huh7-CD81WT, Huh7-TfR-
20 CD81 and Huh7-CD81-LDLR cells. Huh7-CD81-LDLR cells were not used in the
first two overlay experiments described in Figure 12A and B. The results showed
that positive strand RT-PCR products were observed in Huh7-TfR-CD81 and Huh7-
CD81-LDLR cdlls, but not in untransfected Huh7 or Huh7-CD81WT cells (Fig 13B,
lanes 1-4).
25 In summary, in 3 independent experiments (using two different patient sera),
internalization of positive strand HCV RNA was consistently observed in Huh7-TfR-
CD81 cells but not in untransfected Huh7 or Huh7-CD81WT cells. And in one
experiment, internalization of positive strand HCV RNA into Huh7-CD81-LDLR
cellswas also observed. Pre-clearing of patient serum with an anti-HCV E2 antibody
30 efficiently removed HCV particles so that no internalization of viral RNA was



lanes 1-4). 25 In summary, in 3 independent experiments (using two differ%%1 atieBt sera),
internalization of positive strand HCV RNA was consistently observed in H HRPE cells but not
in untransfected Huh7 or Huh7-CD81 WT cells. And in one experiment, internalization of positive
strand HCV RNA into Huh7-CD81-LDLR cells wasjglso observed. Pre-clearing of patient serum with
an anti-HCV E2 antibody 30 efficiently removed HCV particles so that no internalization of viral RNA
was 24 November 2005 -45 observed for Huh7-TfR-CD81 cells (Fig. 13B), suggesting that HCV E2
protein is theotisgobtigensifior GPR LB ag e (Fuyt18R), RigjetingtheiesCW EZproldidad that by
engineering end%%tic@%i%nal tags from transferrin and LDL receptors into either the N- or C-

terminus cytop!a A SreHs 1 AEREY WHR R HAESE WieaaadrdediBirticles in the
serum of HC\hjriqgtRernafiamiscytistitiulberelss FARkErREIimE1s USed éosshs sipteaiof viral
transcripts. Name Sequence (5'to 3') 10 2092 ATACTCGAGGTGCACGGTCTACGAGACCT (nt
331-312)' 939% &TEfTEG ASHRUIEYREiPETedoMapS et £4y834 e were able to trigger the
CACTCTE ARG GTA B AR FARTH U A PSR THIARGRAGAMERCTCTAG (!
54-73)" 15 TAGNCI TCATGGTGGCGAATAAACTCCACCATAGATCACTCC(nt15- 34)' TAG
TCATGGTGGCGAATAA HCVprobe GCAGAAAGCGTCTAGCCATGGCGTTAGTAT (nt 59-88)'
GAPDHfor Cﬁ@@é@@ﬁﬁ@%ﬁ%?&%@%%ﬁ%%%%;EQTCTAGCTCAGGGATGACCTTG
'‘All HCV nucleotide positions (nt) are with reference to a representative genotype Ib isolate, HCV-BK
(17, Genbank accession humber M58335). Sequences corresponding to restriction sites are indicated
in italics. 25 ZI\é‘ﬁ%uence is the same as prlmer%&?&&ég @afgan)et al, Lancet 336, 878-879, 1990.

10

209 ATACTCGAGGTGCACGGTCTACGAGACCT (nt 331-312)*
939° CTGTGAGGAACTACTGTCTT (nt 36-55)"
2117 CACTCTCGAGCACCCTATCAGGCAGT (nt 294-279)*
940° TTCACGCAGAAAGCGTCTAG (nt 54-73)"

15 TAGNC1  TCATGGTGGCGAATAAACTCCACCATAGATCACTCC (nt 15-
34)!
TAG TCATGGTGGCGAATAA

HCVprobe ~GCAGAAAGCGTCTAGCCATGGCGTTAGTAT (nt 59-88)"
GAPDHfor CTGAGAACGGGAAGCTTGTCATCA
20 GAPDHrev CGTCTAGCTCAGGGATGACCTTG

'All HCV nucleotide positions (nt) are with reference to a representative genotype 1b
isolate, HCV-BK (17, Genbank accession number M58335). Sequences
corresponding to restriction sites are indicated in italics.

25  “Sequence is the same as primers used in Garson et al, Lancet 336, 878-879, 1990.
¥Sequence is the same as primers used in Okamoto et al., Jon. J. Exp. Med. 60, 215-
222, 1990.



3Sequence is the same as primers used in Okamoto et al., Jpn. J. Exp. Med. 60, 215 222, 1990. 24
November 2005 -46 CLAIMS 1. A chimeric transmembrane protein comp2&iNgVenaareidbacellular
domain capable of binding a virus; and (ii) an intracellular internalisation signal, 5 wherein the
chimeric transmembrane protein is capable of internalizing a virus bound to the extracellular domain.
2. A protein according to claim 1, wherein said extracellular domain is an antibody fragment. 3. A
protein according to claim 2, wherein said antibody-#gment 10 comprises a variable region of an
antibody heavy chain and a variable region of an antibogy heavy chain. 4. A protein according to
claim 1 wherein said extracellular domain comp# ll-surface receptor, or fragment thereof,

capable of binding to,a viral .cgat protein. 15 5. A protein according.to any one of the preceding claims
wherein said virus is.selectad HSHR IR FTE UBIURRIGIAF SCUPTINE iBY, RSV, influenza virus,

herpes simplex virus, rgijesnisngacotsrekienviinsauub khofdiidingta Winepteio according to any one of
the preceding claims WZﬁ')rein said Veltir is.HIV. 20 7, A%)Jrotsr('n according to claim 6 wherein said
extracellular domain is &%#8889 ul?fl'ﬁ@ffé :Q’ngoél :98 ent of said antibody. 8. A protein

accordingsto claim 6 wheteirisaitkexiracgiutangaendimie §6idinois adpaplmenintienalizicrpable of
binding HIV. 9. Ag otein accb(\)ﬂrwdinlf to E‘lg (awe of claims 1 to 5, wherein said virus is 25 HCV. 10. A
protein accordMy P VRO ERFLIHPERRR  ular domain is an antibody to E2 protein or a

fragment of said antibody. . . ) o o
2. A protein according to claim 1, wherein said extracellular domain is

an antibody fragment.

3. A protein according to claim 2, wherein said antibody fragment
10  comprises a variable region of an antibody heavy chain and a variable region of an

antibody heavy chain.

4. A protein according to claim 1 wherein said extracellular domain
comprises a cell-surface receptor, or fragment thereof, capable of binding to a viral

coat protein.

15 5. A protein according to any one of the preceding claims wherein said
virus is selected from the group consisting of HCV, HIV, HBV, RSV, influenza

virus, herpes simplex virus, rabies virus, coxsackie virus and rhinovirus.

6. A protein according to any one of the preceding claims wherein said
virus is HIV.
20 7. A protein according to claim 6 wherein said extracellular domain is an

antibody to gp120/160, or a fragment of said antibody.

8. A protein according to claim 6 wherein said extracellular domain is

CD4, or a fragment thereof capable of binding HIV.

9. A protein according to any one of claims 1 to 5, wherein said virus is
25 HCV.

10. A protein according to claim 9 wherein said extracellular domain is an

antibody to E2 protein or a fragment of said antibody.



24 November 2005 -47- 11. A protein according to claim 9 wherein said %Wo%%!%rr (%Bagain is CD81,
or a fragment thereof capable of binding HCV. 12. A protein according to any one of the preceding
claims wherein said internalisation signal is from a constitutively recycling receptor. 5 13. A protein
according to claim 12 wherein said receptor is low density lipoprotein receptor (LDLR), tranferin
receptor (TFR), cation-dependent mannose-6- phosphate receptor (CD-Man-6-PR),
cation-independent mannose-6-phosphate receptor ZCI Man-6-PR), poly Ig receptor or asialo

gylcoprotein recepton ASGRRy g s UPLEHIiPrd 41inPeAlGHBr Rl BRHRCEI I Hormhhiavherein said

protein comprises the entire intracellular domain of said receptor. 15. A protein according to claim 12
or 13, whereinadd proteirpanriisersof daaghiont binging Redptor. 16. A protein according to claim 15,
wherein said fragment is from 4 to 15 40 amino acids long. 17. A protein according to any one of
claims 12, 13, 15 or 18.whefeprotgiitiaocording tnhapyisete afchieneecetintgctinamdeniisaidmprising a

fragment of e qgrﬁéﬁ\é\é?i oK @@ﬁ%]%)%%m%g tfﬁ?@i&i@%‘ﬁé’@cgg@oﬁ polynucleotide encoding a

protein according to any one preceding clai vector comprising a polynucleotide
according_to claim 18..20. A cell comprising a protein ording to any one of.claims 1tqg 17. 21. A
ethod o producing Fcell ASEHULALS I 2oL BUR TAdHHGR RS e SR AREr Dbt wih &
polynucleotiddipopaotiimg ¢oepiainfLIBLAR aten feririoecptor dirfeRy cdtiom-diSpandentaimi@iosegssaid cell
under conditions suitable for  obfaining e ion.of a protein according to.any one of claims 1 to 17.
22. A cell accdl NG T3 cIRTAP S0 (GHHeN TR AL el 4 O SEpLBRIBPSANEVEREES 2005 -4

receptor (ClI Man-6-PR), poly Ig receptor or asialo gylcoprotein receptor (ASGPR)

H1 subunit.

10 14. A protein according to claim 12 or 13 wherein said protein comprises

the entire intracellular domain of said receptor.

15. A protein according to claim 12 or 13, wherein said protein comprises

a fragment of said receptor.

16. A protein according to claim 15, wherein said fragment is from 4 to

15 40 amino acids long.

17. A protein according to any one of claims 12, 13, 15 or 16 wherein
said protein comprises a chimeric intracellular domain comprising a fragment of

each of two or more constitutively recycling receptors.

18. A polynucleotide encoding a protein according to any one of the

20  preceding claims.
19. A vector comprising a polynucleotide according to claim 18.
20. A cell comprising a protein according to any one of claims 1 to 17.

21. A method of producing a cell according to claim 20, said method
comprising transfecting a cell with a polynucleotide according to claim 18 or a
25  vector according to claim 19 and maintaining said cell under conditions suitable for

obtaining expression of a protein according to any one of claims 1 to 17.

22. A cell according to claim 20 which is infected with a virus capable of



binding to the extracellular domain of said protein. 23. A cell according to claim 22 which is a
non-human cell. 24. A cell according to claim 22 or 23 which cell is a lizdrNdeVeanobn2@gin said virus is
HCV. 5 25. A cell according to claim 22 or 23, wherein said virus is HIV. 26. A method of producing a
cell according to claim 22, which method comprises contacting a cell according to claim 20 with a
virus under conditions suitable for binding of said virus to said protein. 27. A transgenic hon-human
animal comprising a cell according to any 10 one of€faims 20 and 22 to 25. 28. A method for
identifying an anti-viral agent, said method comprising: (i) providing a cell according to claim 22 or a

non-human trebnlﬁ %nlgolaﬁy i“altr%t%gf ]agciakgjlin%itno claim 22. (ii) contacting said cell or animal

. PN AGeL {
with a test agent; an monitoring viral infectio ereby determining whether the test agent has

anti-viral activity. 29. A method (?L identifying an anti- irallq.v ccine or agent capable of preventing or
inhibiting viral infectidy, whi¢h fhef68" g%%laﬂi%%\)ﬁﬁr{& LRI NG to claim 20 or a
non-human transgenic 20 animal comprising a cell according to claim 20; (ii) contacting said cell or
animal with a test agéftt; (i t6RHARGHO QEIRBR 24 AINRIC ARl SA NBIER BiKking to said
protein; and (iyy)riesasimingrudetAenthe test agent prevents or limits viral infection. 25 30. The
method according to claim 28 or claim 29 wherein said viral infection is a HCV or HIV infection. 31. A

method agcording to sy of GlaiTIAHIRiIRY WRRIRMNGHED, (herif 24 NAYEMPRNO05 -49

26. A method of producing a cell according to claim 22, which method
comprises contacting a cell according to claim 20 with a virus under conditions

suitable for binding of said virus to said protein.

27. A transgenic non-human animal comprising a cell according to any

10  one of claims 20 and 22 to 25.

28. A method for identifying an anti-viral agent, said method comprising:
(i)  providing a cell according to claim 22 or a non-human transgenic
animal comprising a cell according to claim 22.
(i) contacting said cell or animal with a test agent; and
15 (itli) monitoring viral infection

thereby determining whether the test agent has anti-viral activity.

29. A method of identifying an anti-viral vaccine or agent capable of
preventing or inhibiting viral infection, which method comprises:
(i)  providing a cell according to claim 20 or a non-human transgenic
20 animal comprising a cell according to claim 20;
(i)  contacting said cell or animal with a test agent;
(iii)  contacting said cell or animal with a virus capable of binding to said
protein; and

(iv) determining whether the test agent prevents or limits viral infection.

25 30.  The method according to claim 28 or claim 29 wherein said viral

infection is a HCV or HIV infection.

31. A method according to any of claims 28 to 30 wherein in step (ii) said



test agent is administered to said animal. 32. A method according to any one of claims 28 to 31
wherein in step (i) or (iv) comprises one or more of the following: (a) moa#dvexEadlEd2e0R; 5 (b)
monitoring viral replication; (c) monitoring protein synthesis; and (d) monitoring presence of viral
protein on the surface of said cells. 33. An anti-viral agent or vaccine identified by a method according
to any one of claims 28 to 32. 10 34. Use of an agent or vaccine according to claim 33 in the
manufacture of a medicament for use in the therapagtic or prophylactic treatment of a viral infection.
35. Use according to claim 34 wherein said viral infection is a HCV or HIV infection.

test agent is administered to said animal.

32. A method according to any one of claims 28 to 31 wherein in step (iii)
or (iv) comprises one or more of the following:
(@) monitoring cell death;
5 (b) monitoring viral replication;
(c) monitoring protein synthesis; and

(d) monitoring presence of viral protein on the surface of said cells.

33.  Ananti-viral agent or vaccine identified by a method according to any

one of claims 28 to 32.

10 34. Use of an agent or vaccine according to claim 33 in the manufacture
of a medicament for use in the therapeutic or prophylactic treatment of a viral

infection.

35. Use according to claim 34 wherein said viral infection isa HCV or
HIV infection.
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