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proteins in which cysteine residues are reversibly protected during
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to drug screening nmet.hods using these HCV 10 proteins, and diagnostic and
t her apeuti c appl REDOX BEVERSIBLE HEY PROTEINS quith NATIVELIKE CORFURVATION -
| NVENTI ON 15 Hepatitis C virus (HCV) infection is a major health problemin
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to be the nost Inportant cause EGIELDORTHEINVENTI@N Soci ated hepatitis and
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first in serneegdéfhversi on series. The i muno-reactivity of the NS3 40

protein seens to be different in the various commercial assays avail able

today. HCV is a positive stranded RNA virus of approximately 9,600 bases which encode at least

25 three structural and six non-structural proteins. Based on sequence homology, the structural
proteins have been functionally assigned as one single core protein and two envelope
proteins; E1 and E2. The E1 protein consists of 192 amino acids and contains § to 6 N-
glycosylation sites, depending on the HCV genotype. The E2 protein consists of 363 to 370
amino acids and contains 9-11 N-glycosylation _sites, depending on the HCV genotype (for

30 reviews see: Ma]of ‘and Feinstone, 1997; Masitens arid St_uyvér', 1997). The E1 proie‘_in
contains varioﬁs variable domains (Méertens’ and Stuyver, 1997), while the E2 protein
contains three hypervariable domains, of which the major domain is located at the N-terminus
of the protein (Maertens and Stuyver, 1997). These envelope proteins have been produced
by recombinant techniques in Escherichia coli, insect cells, yeast celis and mammalian cells.

NS2, NS3, NS4A, NS4B, NS5A and NS5B are non-structural (NS) proteins. NS3 is about 70

kDa, and has protease and helicase activity. The sequences in NS3 that are essential for the

helicase activity also have RNA binding, Mg™ binding, and ATP binding properties. Anti-NS3

antibodies often appear first in sero-conversion series. The immuno-reactivity of the NS3
40 protein seems to be ditferent in the various commercial assays available today.
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proven to be the nost cost effective and efficient nmethod for controlling
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good response to interferon therapy, and may therefore help the 30 patient
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30 patient to clear the virus (PCT/EP 95/03031 to Maertens et al.). The antibody levels against
E1 in chronic HCV carriers are among the lowest of all HCV antibodles, it may therefore be
beneficial to raise those antibody levels, and possibly the cellular response, to induce control
or even clearance of the infection by the host. Also, higher levels of cellular immunity against
E1 seem to correlate with good response towards interferon therapy (Leroux-Roels et al.,
35  1996). Importantly, the above described studies did not rely on native-like E1 peptides.

The most crucial apitopes in NS3 for detection of HCV positive sera are related to

conformational epitopes. Apparently, NS3 epitopes are scattered all over the NS3 protein

(see also Leroux-Roals et al. 1996; Rehermann et al., 1996, 1997; Diepolder et al., 1995,
40  1997). In assays foremost the NS3 protein has bsen employed instead of peptides.



(see al so Leroux-Roels at al. 1996; Rehermann at. al .., 1996, 1997; D epol der
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(if) Glutharedoxine (GRX) is a common representative of a second class of the
thioredoxine superfamily. The redox-active centre has the consensus sequence Cys-Pro-X-
30 Cys, in which X is preferentially an aromatic amino acid, ie Tyr or Phe. GRX as well TRX act
both as reductanis with disulfides, but GRX would be a specific glutathion (GSH)-mixed

disulfide reductase, e.g. in the reduction of thiolated proteins.

It has been demonstrated that the CXXC motif may also be involved in various intra- and
35 extracellular biochemical and biological functions, eg thiol/disulfide exchange reactions,

binding of transition metals, lipid incorporation site, and regulatory activities, such as, for

example, control of gene transcription, regulation of signal transduction, including functioning

as a cytokine, and the like, and control of the (de)thiolation status of proteins. Importantly, the

CXXC motif can function in tertiary as well as quaternary protein structures (see also Thomas
40 etal., 1995; Pinter et al., 1997; Aslund and Beckwith, 1999; Nakamura et al., 1997).
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expression and purification systens the correct folding or assenbly of
proteinsyts inpaired. Such purified proteins are often not 20 biologically

active and/ or have an incorrggt Mm@s a consequence, native
anti HCV antibodies fail to ubset of antigenic
determ nants on these proteins, see for exanple Houghton (1997). The
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for the first 0 ns. W Y nf or Lon, due to
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conformation I goheri s ependent epi topes. 30 The direct or
indirect (mediated) In vitro and in vivo activities of the native-like HCV
pr ot ei ns The present invention overcomes these probiems, since it describes and makes for the first

25 time HCV proteins with a nafive-like conformation, due to a reversible redox status of
cysteinyl residues. Thus, new structures of HCV proteins are disclosed. In particular, the
present invention allows for the purification of HCV proteins that are biologically active and/or
have a native-like conformation. The native-like HGV proteins result in new conformational
anhd ofigomerisation-dependent epitopes.

30
The direct or indirect (mediated) in vitro and in vivo activities of the native-iike HCV proteins
create the possibility to study biochemical and biological pathways and cascades, eg.
metabolic, enzymatic, 'signal-transduction, immuno-reactivity. The identification of active
centres, binding sites and interaction domains {(protein-protein, protein-sugar, protein-nucieic
35 acid and protein-small molecule) allow for the development of drugs, that interfere with the
cellutar and viral processes invoived in hepatitis.

-the purification and folding method of the present invention, in which a cysteinyi shielding
group is removed, followed by refolding and reoxidation of the cysteine residues in the HCV
40  protein, allows to restore the native-like conformation of HCV proteins;



create the possibility to study bi ochem cal and biol-ogi cal pathways and
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interfere with the cellular and viral “brocesses involved in hepatitis.
-the purification and fol ding nmethod of the present Invention, in which a:
cysteinyl shielding group is renovedaiM®! | owed by refol ding and

reoxi dation of the cysteine residues in the HCV 40 protein, allows to
restore the native-like conformation of HCV proteins; WO 01/30815
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whi ch the s)yst@uﬁﬁngﬂﬂudw&amr&ahbmﬁﬁéanmﬂ RBFALITH Wi thy T eversi bly

protected, (b) r LOVS t on tat of the cysteine
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[

t her eof , i dﬁmm@fg‘gmevewyarmcﬂ%@atemm@e eesidudfer si bl e redox st at us.
Mor eover, t{de prodbmining ah HC¥pictaly) obanydurtionpily@yuichiontpdritRerbifMn Whick 6N, Or any
fucti onﬁ |y eq%&ﬁ&@&lﬂ&@h&ﬁﬂ@ﬁ&éﬂlﬂe@&m' ned above, for use as a

medi canment .. Mor edver ent. 1nvention ains at the use of the HCV

protein, or %{?ﬂ)’e'f’d?ﬁ:tpfeﬁ?fﬁl"ﬁ‘?"t 0BRIMS At PrViding the HQGY, prgtein, pr s iustigeally apove,
for the naragbiaent pat théreciasidglinedabevenier usB s g oeyicamient.on, in particular a

b AR GBS e O
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anti body- Hc%uﬂél% SA&&Q&D&%med above, for raising specific antibodies.
In addition, the present invention aims at providing an immunoassay for detecting HCV antibody by
determining formation of an HCV antibody-HCV protein complex.
30 Finally, the present invention aims at providing a bioassay for identifying compounds that
modulate the activity of HCV proteins as defined above, by monitoring changes in oxido-
reductase activity.

All the aims of the present invention are considered to have been met by the embodiments as
35  setbelow.



30 Finally, the present invention ains at providing a bioassay for
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The bars indicate the pools for analysis by silver staining and Western blotting

The histogram gives the sandwich ELISA results: Mab 14H11B2 (IGH 207) was used for

coating and the detection was performed with HRP labeled 25C3 {IGH 200).

Fig. 2: Size exclusion chromatography of reversibly protected and irreversibly blocked Vero
Ets after lysis in the presence of sulfonation agents
Vero cells were lysed as described in PCT EP95/03031 to Maertens et al, but sodium
tetrathionate was added instead of NEM/ NEM.bio.
30 The purification on lentil and reduction were performed as described in PCT EP95/03031 to
Maertens et al.The reduced material was either ( 1) sulfonated by sodium tetrathionate either
{2) treated with IAA (=irreversibly blocked).
The material obtained by the method as described in PCT EP95/03031 to Maertens et al. is
included as reference.
35 The 3 different E1s samples were separated on a Superdex G200 10/30 column, which had
been equilibrated with PBS, 3% Empigen, pH 7.2.
A: Sulfonation of the Vero cell lysate and suifonation atter roduction with DTT
B: Sulfonation of the Vero cell lysate and irraversible blocking with lodo-acetamide
C: Vero Eis obtained after irreversible blocking with NEM/NEM.bio as described in PCT
40  EP95/03031 to Maertens st al.
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Fig. 4 E. coliexpressed (his)e- tagged NS3 fusion protein

25  Purification on metal affinity after reversibly protection as well as sample preparation for
ELISA is schematized.
+/- AO: in the presence or absence of reversible protecting agent (AO)

Fig. 5 ELISA reactivity of the mTNF(His); NS3 fusion proteins after diffarent coating

30  conditions. :

Fig 5A: 90% pure mTNF(His);NS3B9 fusion protein was desalted to 25 mM citrate, 1mM
EDTA, pH 4 after reduction with 200 mM DTT. The fusion protein was diluted till 500 pug/ mL
in desalting buffer and stored at ~70°C in the presence or absence of thiol protective agents
(antioxidant group 1, group 2).

35 The samples were diluted to 0.5 pg/mL in ELISA coating buffer (50 mM bicarbonate buffer,
pH 9.6} with or without thiol protecting agents (anti-oxidant).The wells were blocked with PBS
in presence or absence of protecting agent.

Serum sample incubation was performed in presence or absence of 10 mM DTT and the
ELISA was developed with HRP conjugated rabbit anti human antibodies (Dako, Denmark)
40  after washing. The reaction was stopped by addition of 2N H,SO,.
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Fig. 6 SDS-PAGE analysis of purified reversible protected (his)s-tagged HCV proteins after
25  metal affinity chromatography

BA: E, coli expressed mTNF( His)gNS3B9.({batch NS3B9 B960225ll).
Westem biot with anti iTNF and silver stained SDS-PAGE under non reducing conditions.
(1ug protein/ lane).
30
6B: Saccharomyces ceravesiae (Yeast) axpressed (his)e- tagged Eis
The proteins were visualised by (a) silver staining; (b) Western blotting anti E1s or (¢) GNA
blotting.
Vaccinja expressed E1s, purified as described by Maertens et al (PCT EP95/03031) was
35 included as reference.
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The present invention pertains therefore to an HCV protein, or any functionally equivalent part

25 thereof, comprising a Cys-amino acid, which has a reversible redox status. In particular, the
present invention pertains to an HCV protein, which comprises at least two Cys-amino acids
with a reversible redox status. The latter Cys-amino acids can be spaced by other amino
acids. Preferentially said Cys amino acids are comprised in the amino acid sequence Cys-X,-
Xz-Cys, in which amino acid X, denotes any amino acid, and amino acid X, denotes any

30 amino acid. More preferentially, amino acid X, denotes either amino acid Val, teu or lle, and
amino acid X, denotes amino acid Pro.

HCV

in this regard, the present invention relates to HCV, and other members of the genus
35  Flaviviridae, such ais, for example, Hepatitis G virus, Dengue virus, Yellow Fever Virus. Thus,

the term "HCV" contemplates all members of the genus Flaviviridae.
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25 HCV Efp (192-237)
YEVRNVSGMY HVTNDCSNSS IVYEAADMIM HTPGCVPCVR ENNSSR

The term "peptide® refers to a polymer of amino acids and does not refar to a specific length
30 of the product. The terms "peptide”, "polypeplide®, "polyprotein” and “protein” are thus
included within the definition of "peptide”, and are used interchangeably herein. The term
"peptide” does not refer to or excluda post-expression modifications of the peptide, for
example, glycosylatioris, acetyiations, phosphorylations, and the like. Included within the
definition of peptide are, for example, polypeptides containing one or more analogues of an
35  amino acid (including, for example, unnatural amino acids, PNA {Nielsen et al., 1991, 1993),
atc.), peptides with substituted linkages, as well as other modifications known within the art,
both naturally occurring and non-naturally occurring. Hence, peptides may be linear, circular
or constrained {cyclised or stabilised by ‘S-S’ bridges, other than according to the present
invention), consisting of D- or L-amino acids; peptides may be multimeric, branched,
40 presented on phages or immobifised covalently or non-covalently on polymers from different
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hormgenﬁousovsé?lowwéﬁa e0kdrgofbsC Rhb fafin USHRA elikarjolt® rdidie tﬁﬁo%@&énb%dchbas yaaatibenveyl

phase accorHRGES PRcime the%%@ggsﬁ%éeﬁv%a@'a?ba@”%f"ﬁ@ Pkl AP R B 1260y,

| n addi t i oriprokamyoles)\/rafaspite dhests suetptasdbgell | dactabagilivg wwled by
dendri mer ( sTB B&gillus $GHNS m}_f@_éggdmsé fhRsd RéstiSaré cSritéthplatedL i OF
inteint ecmé’ pPeant %ﬁ"‘%&'&e@‘nﬂ% ’eulga?y%?els & %easts particularly species within
30 Schizosaccharomyces, Saccharomyces, Klulveromyces, Pichia (e.g. Pichia pastoris),
Hansenula (e.g. Hansenula polymorpha), Schwaniomvees, Schizosaccharomyces, Yarowia
Zygosagcharon_\mes and the like. Saccharomyces cerevisiae, S. carisbergensis and K. lactis

are the most commonly used yeast hosts, and are convenient fungal hosts. The term ’higher
eukaryote’ refers to host cells derived from higher animals, such as mammais, reptiles,
35 insects, and the like. Presently preferred higher eukaryote host cells are derived from Chinese
hamster (e.g. CHO), monkey (e.g. COS and Vero cells), baby hamster kidney (BHK), pig
Kidney (PK15), rabbit kidney 13 cells (RK13), the human osteosarcoma cell line 143 B, the
human cell line HelLa and human hepatoma cell lines like Hep G2, and insect celt lines (e.g.
Spodoptera frugiperda). The host cells may be provided in suspension or flask cultures, tissue



al so included in the present invention. The peptides according to the
present invention can also be prepared by neans of reconbi nant DNA

t echni ques, such as described in Sanbrook at al.--(1989), in prokaryotes or
25 | over wif pldbsiger eukaryotes. The term 'l ower eukaryot BCT/ERIA09t 0 host
cells such as yeast, fungi and the |iké& Lower eukaryotes are generally
(but not neewweay oroam culiwies and thedke. Aftematively-the ‘hpst el pay also bedrapsgenico host s

such as co wmpimhiiect obacillus, Lactococcus, Sal nonella, Streptococcus,
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S a0V, 55 e R 3704 50 M ot 11 G0 Y RATGE i, Sy 1, |

| i ke. Saccharonvi ces cerevi are the
nmost conmoniahbrerdatian, pagene-eligssyaboliseg eg SlyesJ8%8ni ent fungal hosts. The term
"hi gher eukaryote' refers to host cells derived from higher aninals, such
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(e.g. COG amboveewhichspeqifisally biads iptrar opisteselytar host {nolegyine) (hoshdgyivedimelerides), pk|  5) |
rabbi t ki dngyenlas, i6dxhmpig,RK1 3), the human osteosarcoma cell |ine 143 B, the
human cel | | u . LNEsS,h i I nsect
cell lines ((i)e?%?mégﬁggtegt g@%&?%@&g& b_’l'hlgmﬁ’og _Héglp'%ﬂ?mﬁ;?? "g‘ﬂgr ovi ded

i n suspensi G (AbigaslWe B7934Qsmannpeasarepiphagialpgisgarateipreceptpl 0/ 10499 ¢t ; .

cul tures, onRWamoleeulesU(paseirarod fdnerdteirk ccompdunds) niatdived| it tddex Iregdatiare| é may

al so be frang }&-,;Bﬁlym%p&; The proteins according to the present _
I nvention can also I solated from mammal i an hosts, in particular mce or

primates, e.({) CHERSFANA Broteins, AYicAINGXIN: o humans. 5 It is wel | known in the art
t hat am no 4ie)widousgiycdseanisoplytand (Heptidetand/or sugdr corefane, three-letter
abbr evi atioqv)ngagcgmg-o].m_er synbol (see eg Stryer, 1981). Furthernore, the
present invention pertarns to an HCV protein or part thereof as defined 10
above, which specifically binds intra- or intercellular host nolecul es
(-host - deoi v &urthenhere.uthe pesent dnveritiom periainsrto @R &G rrptein 1oy par dhanech es definedi ns, eg.
?dexl n v, V\Da;asx}% gﬁgﬁ SS&iﬁBan@,biﬁdy RHéthd? . HGVA pelam & ﬁémiul uﬂ@éftﬁg:ﬁﬂﬁcv-ﬂérﬁkfl n (i)
rigani nmannose,.r or i.al o capr I.n receptor; (ii
nol ecul es (pﬂ’"’%cg'la B ﬁ&?’%ﬁg?sg‘mﬂﬁﬁg%om%ﬁglﬁ*\fg?%ggf&ﬁ"pﬁ%‘%x regul ati on,
eg. 15 d utThatrchmpiexes TeutingfonGRIQY Rroteins, of pefisdherert. 3 dafinechabove jound|tpexi n;
other HCV-derived molecules or host-derived molecules are colloquially denoted *HCV-
25  derived complex”. Thus, an "HCV-derived complex" consists of at least an HCV protein as
defined above connected to another moleculs, ie (HCV-protein)-X, in which X is a host-

derived molecule or an HCV-derived molecule.

PURE

30 The term “purified® as applied herein refers to a composition wherein the desired
components, such as, for example, HCV envelope proteins, comprise at least 35% of the total
components in the composition. The desired components preferably comprises at least about
40%, more preferably at lpast about 50%, still more preferably at least about 60%, still more
preferably at least about 70%, even more preferably at least about 80%, even more

35  preferably at least about 90%, even more preferably at least about 95%, and most proferably
at least about 98% of the total component fraction of the composition. The composition may
contain other compounds, such as, for example, carbohydrates, salts, lipids, solvents, and the
like, without affecting the determination of the percentage purity as used herein. An "isolated”
HCV protein intends an HCV protein composition that is at least 35% pure. In this regard it

40  should be clear that the term "a purified HCV protein® as used herein, refers to isolated HCV



(iv) various glycoseam nogl ycans (peptide and/or sugar core); (v) nucleic
acids or lipids. 20 Furthernore, the present invention pertains to an. HCV

protein or part thereof as defined above, which specifically binds another
HCV pr ot g13e81s HCV nucl eic acid (HCV-derived nolecul ePCI/EROVEE s t her eof |,
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to a conpogtds r H?é?atﬁ!? @ﬂe%g%s : | e, HCV
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conposi t i orthd TRRSt geetq "qmd‘ he seplamibaling Ripteing showd, be: yRdetqctable 'B)t cenvartionalhout

40% nore mietiods alichws SDSIPAGEandbivertstdifiiigy still nore preferably at | east
about 60% still nmore preferably at |east about 70% even nore preferably
at | east about 80% even nore 35 preferably at |east about 90% even nore
prefera¥y at |east about 95% and nost preferably at |east about 98% of
the total ANTBOBIES fraction of the corrposition The conposition may
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percentage ?@a ®-used herern An "isolated" HCV protein intends an HCV
protein conposition that is at |least 35%pure. In this regard it 40 shoul d
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i sol ated H 0 /EPOO 0 ns essenti al | reform
e it of Sl e bl BRAREDL oY Bt bapadlseh doetonee pat B, 1,
pr ot ei ns smmhmfuowgya"!:mwblempmwmbbr In vitro diagnostic nethods and

t her apeuti cs These HCV pr otei ns are substantial ly free fromcellul ar

'P[]Ce)tsgl B?ot ei ns. ar ee'r UWF% “g‘; R&fcpﬁﬁl OE%PX‘%I ?n?gc@ é% pi?glr 1’3.%| y
85% nmoA%e [FRHPE ‘hQB@fe%Y@“W%PBﬁQMW?"‘QSW“W e prefer abI y 97% nore -
pr g; gr ZB: y msovemheeerpr“ﬂce-ramhbqlesﬁ ako cmnetatelsr;paemcpHGVa?ﬂﬂohrys At drdraisednd noSt
(F:)onvent | o%aé %?ho g{g'gts Wﬁﬁgﬁﬁoﬁgﬁgé:?ge%aﬁﬁﬁ i%‘?fﬁf BCDI ES -
The present ?r‘?&%ﬁ? "b'?leﬁegﬁ protel EE ridogs; 938 aPH’&%I"sl‘,‘eﬂ? Ra8@gni se an
HCV- pept i ddhenepitopke Buttireaxitiogdsiyction status of the cysteines (reduced or oxidised; in a thiolated
25  or S-conjugated form) may change or stabilise the protein conformation (in the vicinity or not
of these cysteine residues) which result in new epitopes, that may or may not contain these
cysteine residues. These new epitopes are also part of the invention. In addition, the term an
" "HCV antibody" refers also to any polycional or monoclonal antibody binding to mimitopes, as
defined above.
30 In addition, the term "HCV-antibody" thus also pertains to antibodies that bind antigenic
determinants resulting from the specific conformation of HCV-derived complexes, ie
antibodies that bind antigenic determinants which are not present on either the HCV-peptide
of the present invention or the molecule said HCV-peptide is bound to, such as, for example,
epitopes that find their origin from the interaction between the HCV peptide of the present
35 invention and non-protein compounds like glycosaminoglycans {GAGs), heparine, nucleic
acids, lipids, cofactors like metal-ions, and the like. Moreover, antigenic determinants may be

formed by conformational changes, such as for example introduced by protein processing,

cleaving or pH changes.

The term "epitope” refers to that portion of the antigen-antibody complex that is specifically
40  bound by an antibody-combining site. Epitopes may be determined by any of the techniques




15 Furthernore, the present invention relates to an HCV protein or a
functionally equival ent part thereof as defined supra, for raising
anti-HCV anti bodies, that specifically recognise -sai d HCV protein or a
functi onalgyy ﬂgval ent part thereof. The term an "HCV- anCT/epeiv49ef ers to
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Nbr éover , antf‘ H'iecthﬁé‘[eéP‘?h aﬁayergg\s 0 BPIORRE 95\ PRI ﬁ'MFWﬁ%{P’ecﬂanges
such as for daastnpmmes rprsfard'lﬁelucatb;stpotihen, preforentiadiy sl leegt S0, plotaperitially ableagyH
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"bi ndi ng", Wels! bod Lot ein l ex” in the
oresent Ui hverpaf o e, tedl b dF Beluih ' fétpe °F ol
bet ween t he cgmeamblagantiiegiotppptidess progused bystbermethadider al | condi tions t hat
respect the i mmunol ogi cal pr opertles of the anti body and the anti gen.

Mor eover , «M:ﬁs KO pti des,
that di ff er Er%ﬁ‘}éﬂ%rﬂ%ze ur e ofa%ﬁ&ﬁq esent I%}@b&? Mdﬂg&liﬁ%b%%‘%g
procedur es nirfpAMbipAE qr synthstiq eV pTE?"ﬁe‘ﬂtPPGE'@a'cPﬁ'ﬂ'&% tthg natyrah JesombiaNt s t opes.
It |Is concei syititetic Eha1stEip ahidf NS3irételessdericddif@mrHaY, biyany functionally equivalent
variant or part thereof {anti-HCV-E1-, anti-HCV-E1s-, anti-HCV-E1p- or HCV-NS3- antibody,
respectively). HCV-antibody may be present in a sample of body fluid, and may be an HCV-
30 E1l-antibody, HCV-E1s-antibody, HCV-E1p-antibody or HCV-NS3-antibody.

The term *monoclonal antibody” used herein refers to an antbody composition having a

homogeneous antibody population. The term is not limiting regarding the species or source

of the antibody, nor is it intended to be limited by the manner in which it is made. Hence, the
35 term “"antibody” contemplates also antibodies derived from camels (Arabian and Bactrian), or

the genus lama.

Thus, the term "antibody" also refers to antibodies derived from phage display technology or

drug screening programs.

In addition, the term "antibody” also refers to humanized antibodies in which at least a portion
40 of the framework regions of an immunoglobulin are derived from human immunoglobulin



these various and different procedures, are capable of presenting epitopes
simlar to the epitopes of the present invention. Thus, simlar epitopes
are epitopes resulting fromdifferent production or purifying procedures
t han f kerigegisPr esent invention, but ;éecognl zabl e by RCIERIYI4Phe sane
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p- ant i 30dp@inedirom MOV vadeineédy. The term "nonocl onal anti body" used herein
refers to an antibody conposition having a honpgeneous antibody

popul ation. The termis not limting.regarding the species or source of
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made. Hengoptidbdgs dbfindderain. ant i body" cont enpl ates al so anti bodi es derived
fromcanels (Arabian and Bactrian), or the genus |ama. Thus, the term
“antibody" also refers to antibodies derived from phage display technol ogy
or dr¥g screening prograns. In addition, the term"anti body" also refers -
t o humani RURIFICATIONWAROCEDYRENI ch at | east a portion 40 of the framework
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descri bed "f(ﬁ’ CET é&@ﬁ?‘%ﬁﬂﬂnﬁ%@eg§é é‘ﬁagﬁ) t%‘f’s {SB’CH es such
“as Fab, F(9 HCV Protwsdobmlnﬂéle Hyrsalgraurificetionirededure.t %Hﬂng puriication iat)least thé ndi ng

functign apsleifd RisidlidsCirb YevdfsitlyRotBaéy cridhiicalallior eldyPaticchBansaeéd Mssly” al so
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are al SO yersa. This change in redox status involves electron transfer. The term “oxido-reductase
30 activity* as used herein refers to the redox potential of the redox active center, and thus to its
ability to transfer electrons from and to substrate molecules. This ability is dependent of the

redox potential of the substrate molecules and the chemical environment.

Native HCV proteins have a specific conformation and may display biological activity. The
35  purification procedure of the present invention results in purified HCV proteins with a

biologicat activity. and/or conformation which is identical to or almost identical (native-like) to

the native biological activity and/or conformation of HCV proteins. The purification procedure

of the present invention is characterised by the following:

-A- The first phase in the purification procedure of the present invention is intended to
40 reversibly protect the reactivity of the cysteine residues.




contenplated within the term"anti body". Antibodies also include nodified
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procedure of the present invention is characterised by the follow ng: -A-
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i ntended to paﬁQhJ S ' t Je iMH f_the st ei ne, residues.
I's WD 01/ 30815 Pﬁ%&@g%%fgrg% ﬁ&e%%sé%@, é%@ h’e | 3r"g o ?)ﬁeggrgis%é?@f‘ g?g‘s'of t he
procedur e as®fietinediahova. obtainable by e {pllowingrracess=po5/ 03031 to Maertens et at.,
but for one fundaweiyingién KCY preteia e any functipaally equivkient parfitheredisih HhidE the
, cysteine residues are reversibly protected by chemical and/or enzymatic means,
25 (b) removal of the reversibly protection state of the cysteine residues,
(c) obtaining an HCV protein, or any functionally equivalent part thereof, in which the
cysteine residues have a reversible redox status.
Thus, the present invention pentains also to the fatter process.

30  Optionally, cofactors and antioxidantia are added to aid in protein stabilisation.

It is to be understood that the purpose of reversibly protection is to stabilise the HCV protein.
Especially, after reversibly protection the sulfur-containing functional group (eg thiols and
disulfides) is retsined in a non-reactive condition. The sulfur-containing functional group is
35  thus unable to react with other compounds, e.g. no tendency of forming or exchanging

disulfide bonds, such as, for example

Ri-SH + R,-SH %>  RSS-R; ;

Ry-S-S-Rz + Rs-SH x> RS8Rz +R.-SH;

Ry-8-S-R; + Rs-S-S-Ry x>  R¢-5-S-R; + R~S-S-R;.
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The reaction can be performed under protein denaturing as well as native conditions (Kumar
25 etal., 1985; Kumar et al., 1986).
Thicester bond formation, or thio-esterification is characterised by:
RSH + R'COX - RS-COR'’
in which X is preferentially a halogenide in the compound R'CO-X.
(2) by modification agents that reversibly modify the cysteinyls of the present invention such
30 as, for example, by heavy metals, in particular Zn®*, Cd®* (Matts et al, 1991), mono-, dithio-
and disulfide- compounds (e.g. aryl and alkyimethanethiosulfonate, dithiopyridine,
dithiomorpholine, dihydrolipoamide, Elimann reagent, aldrothiol™ (Aldrich) (Rein et al, 1996),
dithiocarbamates), or thiolation agents {(e.g. gluthathion, N-Acetyl cysteine, cysteineamine).
Dithiocarbamate comprise a broad class of molecules possessing an R;R:NC(S)SR;
35  functional group, which gives them the ability to react with sulphydryl groups. Thiol containing
compounds are preferentially used in a concentration of 0.1 - 50 mM, more preferentially in a
concentration of 1 - 50 mM, and even more preferentially in a concentration of 10-50 mM;
(3) by the presence of modification agents that preserve the thiol status (stabilise), in
particular antioxidantia, such as for example DTT, dihydroascorbate, vitamin s and derivates,
40 mannitol, amino acids, peptides and derivates (e.g. histidine, ergothioneine, carnosine,
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Reversible protection may aiso be used to increase the solubilisation and extraction of
peptides (Pomroy & Deber, 1998)

30 The reversible protection and thiol stabilizing compounds may be presented under a
monomeric, polymeric or liposomic form.

The removal of the reversibly protection state of the cysteine residues can chemically or
enzymatically accomplished by e.g.:

35 -a reductant, in particular DTT, DTE, 2-mercaptosthancl, dithionite, SnCl,, sodium
borohydride, hydroxytamine, TCEP, in particular in a concentration of 1 - 200 mM, more
preferentially in a concentration of 50 - 200 mb;

-removal of the thiol stabilising conditions or agents by e.g. pH increass;
-anzymes, in particular thioesterases, glutaredoxine, thioredoxine, in particular in a

40  concentration of 0.01 - 5 uM, even more particular in a concentration of 0.1 - 5 uM.;
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removal of thigfeompdints atie 56 r@dueé Erﬁfsln%uﬁi&@ﬁrﬁi &Y arb ﬂfmfs‘t&%e‘?:}uﬂﬁth S@PRS can

chemcally or enzymatic éﬁacconp IS -are ct ant, in

parci cul o) Ciergg BEE AR s i o RBY S A
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been shown to be very useful in the reduction of disulfide bridges in monocional antibodies

(Thakur et al., 1991), may also be used for the reduction of HCV proteins. in addition,

changes in pH values may influence the redox status of HCV proteins. Sodium borohydride

30 treatment has been shown to be effective for the reduction of disulfide bridges in peptides
(Gailit, 1993). Tris (2-carboxyethyl)phosphine (TCEP) is able to reduce disulfides at low pH
(Burns et al., 1991). Selenol catalyses the reduction of disulfide to thiols when DTT or sodium
borohydride is 'used as reductant. Selenocysteamine, a commercially available diselenide,
was used as precursor of the catalyst (Singh and Kats, 1995). )

35 It is stressed again that the whole content, including all definitions of the documents cited
above, are incorporated by reference in the present application. Hence, the above mentioned
methods and compounds to modify the redox status of HCV proteins are ail contemplated in
the present invention.

40 BIO-ACTIVE SITE
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The formation of mixed disulphides (see below), is an activity which is related to protein
folding, and restoration of the active site. The formation of mixed disulphides can be
30 demonstrated by reversible protection or irreversible blocking of the thiol groups before and
after reductant treatment with different agents (e.g. DTT), such as described in “purification
procedure®, followed by mass spectrometry analysis.
The pKa of the thiol groups in the -CXXC-containing protein is defined by treament with
_ alkylation agents in function of the pH (titration). Differential protection and/or blocking of the
35  residues and MS give information of the reaction initiating cysteinyt residue in the CXXC-site.
Amino terminal amino acid sequencing can give information about the processing, cleavage
products and domain structure of the HCV protein.
The tissue and intracellular distribution of thess cleavage products are localized by immuno-
histochemical methods.
40
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also be used alone or combined 2 by 2. Additionally, adjuvants such as Stimulon (Cambridge
Bioscience, Worcaster, MA, USA) or SAF-1 (Syntex) may be used, as well as adjuvants such
30 as combinations between QS21 and 3-de-O-acetylated monophosphoryl lipid A
(W094/00153), or MF-59 (Chiron), or polyidi(carboxylatophenoxy) phosphazene] based
adjuvants (Virus Research Institute), or blockcopolymer bésed adjuvants such as Optivax
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Incomplete Freund's Adjuvant (IFA) or Gerbu preparations (Gerbu Biotechnik). it is to be
35  understood that Complete Freund's Adjuvant (CFA) may be used for non-human applications
and research purposes as well. "A vaccine composition* will further contain excipients and
diluents, which are inherently non-toxic and non-therapeutic, such as water, saline, glycerol,
ethanol, wetting or emulsifying agents, pH buffering substances, preservatives, and the like.
The reversible modification of cysteinyl residues of the HCV peptides of the present invention,
40  allows that these HCV peptides can be coupled covalently to a chemically activated carrier
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30 DNAvaccine )
The intraceliutar enhvironment of a host ¢an provide the basis for the reversible redox-status of
the HCV protsins of the present invention. In this regard, it should be clear that an HCV DNA
vaccine composition comprises a plasmid vector comprising a polynucleotide sequence
encoding an HCV protein as described above, operably linked to transcription regulatory

35 elements. As used herein, a "plasmid vector" refers to a nucleic acid molecule capable of
transporting another nucleic acid to which it has been linked. Preferred vectors are those
capable of autonomous replication and/or expression of nucleic acids to which they have
been linked. In general, but not limited to those, plasmid vectors are circular double stranded
DNA loops which, in their vector form, are not bound to the chromosome. As used herein, a

40  “polynucleotide sequence” refers to polynucleotides such as deoxyribonucieic acid (DNA),
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30 The term "biological sample" as used herein, refers to a sample of tissue or fiuid isolated from
an individual, including but not limited to, for example, serum, plasma, lymph fluid, the
external sections of the skin, respiratory intestinal, and genitourinary tracts, oocytes, tears,
saliva, milk, blood cells, tumors, organs, gastric secretions, mucus, spinal cord fluid, external
secretions such as, for example, excrement, urine, sperm, and the like.

35 _ _

Since the HCV proteins of the present invention are highly immunogenic, and stimulate both
the humoral and cellular immune response, the present invention relates also to a kit for
detecting HCV related T cell response, comprising the HCV protein of the instant invention.
HCV T cell response can for example be measured as described in PCT/EP 94/03555 to
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30 Typically, the assays are cell-free assays which include the steps of combining the HCV

) proteins of the present invention, its catalytic, i.e. oxido-reductase activity, or immunogenic

fragments thereof, and a candidateftest compound, e.g., under conditions which allow for

interaction of (e.g., binding of) the candidateftest compound to the HCV protein or portion

thereof to form a complex, and detecting the formation of a complex, in which the ability of the

35 candidate compound 1o interact with (e.g., bind to) the HCV protsin or portion thereof is

indicated by the presénce of the candidate compound in the compiex. Formation of

complexes betwesn the HCV protein and the candidate compound can be quantitated, for

example, using standard immunoassays.
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30 Therefore, the present invention contemplates a method for identifying compounds that
modulate the interaction between binding partners in a complex, in which at ieast one of said
binding partners is the HCV protein as defined above, and said method comprising:

(@) contacting a test compound with the complex, for a time sufficient to modulate the
~ interaction in the complex; and thereafter
35 (b) monitoring said complex for changes in interactions, so that if a change in the
interaction is detected, a compound that modulates the interaction Is identified .
In particular, the present invention contemplates the latter method in which at least one of the
binding partners is selected from the group of:
(i) HCV-derived molecules, eg nucleic acids (promoters or enhancers) (HCV RNA
40 packed in HCV particles) or proteins {structural or non-structural proteins)
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or any funct onaII acfmnt ar t t ere\c,)\%ﬂ9 e% Pﬂ e assays are
cel | -%lreg aé F’ElﬂUI%EV"Sdéssg'ﬁé‘c@f’%’ﬁgmwfem ﬁt{f eB R %s of

t he present nbea/m:lecmbodlmem.caaftlsadmteip can.be. prawdedjwhwleauds'aa!emaladﬂat slotvy, or

:: (TI‘TE I”??gﬁ's c mrﬁrﬁﬂmbﬁﬁﬁ%%attrgf ?Sci'tel'iarﬁ cHrGbik ?ﬁm@%&ﬁ%ﬂéjadsﬁrb% under
candi dat e/ t 899 &bB%B‘lYF?H" ?Jat?’h@ %‘tlﬁ?’b &%*cg'o?m%m"f‘ﬁ@f"@%?ésf’ﬁeq orm a
conpl ex, antp g6t which algﬂleheommqltmlth(m oolt lysatesclap! (85 -labeled)rind tthet daadidesé | i t y of
the 35 Candb&’ﬁﬂdﬂn&ﬁﬁ@lﬁb‘ﬁﬂd&&iaé@&t&&ﬁiae?]d%&%néﬁbnﬂume?b&ﬁnﬂé&)mﬁnﬂd flonfteay,, PT otelg
O oLt o g ablelpriehg ' i EorBi BRRSH, s 0 i 15T
candi datZ8 cRmsye AY unheund éﬁbﬂuﬂﬁ'ﬂﬁ'q matigimmobifized ancdragdiplabel Q@P’ﬂ@ﬂeﬂ diseetha ot

i mmlnoa_ssaymthm;ﬁ&m&&hsr A& cdiiplexbd are /dibSutRitba. ﬂ'lhfha‘hwt {he @bRpiaes chri be
catalytic o in
such g tes ta'ﬁ%m;%gq@ﬁ%&ﬂ"%tﬁg%& Ws%#ﬂfﬁjﬁ%ihg?&ellcl?ﬁc?ﬁ;m tg'H:g;"&%ggrne on. a

cel | surfac €’°‘e€5’r foun,in 4he Bead {faption SupTlitaiad) foms the ge H’Fdﬁgfﬁ?“déﬁtﬁ?ﬁfﬂﬂ‘ﬁ{em t he

i nventi on preohnigles. screeni ng assays to ldentify candi date/test conpounds

whi ch nogul g, {gemshues ok imMdbiig phit "? Qhéelcénﬂﬁ‘s 'bghﬁmﬁme%g(éggmﬁﬂm

i kely HCV rote actlwt asvve tween an HCV proteln an nmol ecul e
ot ol EEERS

(target nol e dnyention.cFrr exprmpig ! Tﬁr*iﬁ PR 3| fRigel melepulg pap bey,
anti bodi es mmmﬂﬂlzgip@tﬂizhg cepnjugatiore axb ghviotin eartdh etrepi@Vidin.  Biotinylated HCV protein

molecules can be prepared from biotin-NHS {N-hydroxy-succinimide) using techniques well
known in the art {e.g., biotinylation kit, Plerce Chemicals, Rockford, {ll.}, and immaobllized in
30 the wells of streptavidin-coated 96 well plates (Pierce Chemical). Alternatively, antibodies
reactive with HCV protein but which do not interfere with binding of the protein to its target
molecule can be derivatized to the wells of the plate, and HCV protein trapped in the wells by
antibody conjugation. As described above, preparations of a HCV protsin-binding protein and
a candidate compound are incubated in the HGV protein-presenting wells of the plate, and the
35 amount of complex trapped in the well can be quantitated. Methods for detecting such
complexes, in addition to those dascribed above for the GST-immobilized complexes, include
immunodetection of complexes using antibodies reactive with the HCV protein target
molecule, or which are reactive with HCV protein and compete with the target molecule; as
well as enzyme-linked assays which rely on detecting an enzymatic activity associated with
40  the target molecule.



protein. Exanples of such target nol ecules Include proteins in the sane
signaling path as the 10 HCV protein, e.g., proteins which may function
upstream (i ncluding both stimulators and inhibitors of activity) or

downst r eadpidesishe HCV protein signaling pathway [Zn fi rrgavEPo0/1gasot ease
activity, regulators of cysteine redox tus]. Typically, the assays are
cel |l -free assays which include the stepS/of conbining an HCV protein of

t he present Ancthentecrmigue iforsdrogtsedegring: which iprovideo d@nhigh thraghpuntserdshing @pf , an -
HCV 15 prot.gi kS bdi - i R L )i specific
ant i body an%ag&gg%{j@a{'tget t est b@%‘" gﬂ‘g‘f{ ﬁghy%\ﬁh@{gﬁ %oérllé(f?ﬁggr{gq{\ﬁﬁgr"zi n but
for the presiqigraingtion; pfoAming Agid) Se eE?ﬂrﬂB'fﬂ?%"‘yf ¥ GRygen HY, VR Application

bi ol ogi cal | B4/a8564 vpublished boN13/09/84, @0d incorperatad hereiniby hefeleicey In summedly, large t he
target nole ' egng | | npl ex
whi ch i ncl uggéﬁﬁrﬁg_%@nﬁdt@%%%h tg@@%n?%%ﬂg{%ﬂ%#ﬂgg% eggé"h? e aﬁ’?sluglgdy, or
det ecti ng t 148 Plastig Ping pesemeathonsyriace. The,protgi tesheomnennds aps reaciedwith fagwentsr get
nol ecul e or oBHCV pwitbjn aridatashdd. BoundHGVoprutbie is therr datdctedrbyaathads adell Ktowahi ii € Ct

quant i tat | Olhedhn ! A RV froldh ofrbisd 1 Rafod flE>tith gaawwﬁ%wﬁ i fects

of the HCV protein. A statistical sigplficant change, such as a

decr easd? i Rloramentiqned F%WW'@W@“??C%RWW' H%H%}‘?’g'éﬁ"&e%""?ﬂ?f"é&a'l‘ ke (e g.,
i n the for musediocapturethe peptide and imabbilizert onlasolld@uppartot ei n and t he target

nol ecule) In the presence of a candidate 25 conpound (relative to what is

detected in_the absence of the candidate compound) Is jndicative of a
nodul ati on (Tb'ﬁ‘g'.‘",e"@{‘i ‘*Pcﬁﬂ %"?GWE@P%F%H‘T’%F&? ?gf’%escﬁ?f‘@? 28388 /0 WBeen the
HCV pr ot ei meutralizingh antbediesccapable aof (binding N peeteino speoficaiii ccompeteawithom test

conrplt e?exts 3%&\5&% tdfa Bintikg/HCY F:Riéﬂi. h @8Gnanhe?, ti*n@ﬁ&%tgég_l)_éﬁﬁ%:}ﬁe&ﬁrhteﬁ@t the t
quantitated using,.for exanple _an i noassay. er efor e _presen

I nvention cah%s%??%%?"é@"’ie%n? 053 ar?g?nel% el?’@?%ﬁ %WBW&PF‘F&\{ PrOtBdul at e
the interaction between binding partners in a conplex, in which at |east
oneho:‘]I sai d In yt a.ﬁhm? eiDddirent, thel idvehtion phividedd ﬁbﬁ@fgﬁﬁgﬂmﬁdgmn@mql e.g.@?d said
met hod conpr,i , t or a
e suf £ orpieping b QRieBf) "o e o35 odilgt e 3 it ABOBATR 15

35 (b) rdni 83CiAled WhHHEY infaction. HGY nucisicacld exprepsian.ar HGY pretein agiviynZhis | f 4
change in t westhod ypically iriclodesi the citepealt aseqying the rability rodl theh admpoonkd loragent ttd1e

the | atter. sl ¥y bipsbinl & RFHCY HUAE scd Bind a1 MIHEY pldifhy FalBbP TP 21 €9
el ected f r GAPHAES B BRTIRPHRS 1o rpstfe\aegiipr charpefiiren By He Mgk, BBkneode s

" (pronot ers @cidexension oshCY pIgin@RINIty.40 packed in HCV particles) or proteins
(structugsal or non-structural proteins) W 01130913 PCT/ EPOe/ 10499 (i)

1 LTl G of i GSaBR SV i M i Ay B B s

host - der i veddenifed @gsazding tp theap tiys &creaning dssaypoanke Used imirgat)for example, HCV
infection or disorders related to HCV infection.

30 These methods of treatment include the steps of administering the modulators of HCV protein
activity and/or HCV nucleic acid expression, e.g., in a pharmaceutical composition as
described above, to a subject in need of such treatment, e.g., a subject with an HCV infection.
The tissue or cell specificity of the drug may be enhanced by using the drug targeting
methods (see Davis, 1997) or intracellular immunisation. Liver targeting tools are for example

35 Dbilurbin coupled drugs (Kramer et al. 1992), asialoglycoprotein receptor or lipoprotein
mediated transfer of drugs (Vingerhoeds et al. 1996). Drugs may even intracellularly targeted
with cell organel targeting of DNA expressed molecule via cell organel specific targeting tags
(Persic et al 1997).

ereafter



5 1t should be clear that nodul ators for interaction between binding
partners in a conplex, when identified by any of the herein described

met hods is contenplated in the invention. To performthe above descri bed
drug screaybimgsidssays, it is feasible to jmobilize eitPESI/EPMON049r ot ei N or
Its target nolecule to facilitate separ on of conpl exes from unconpl exed

forms of  10Meshedsder aseaying Bie apiit offhe FemReynd of daqnk o moglatedheyitesipRsl HEY,
aut omat i on othe bipPesaids hthe HOV Al dciior @ctivity of 1Hdi HEV proteinfaye wibicdilCsbliasédzi N t 0 a

target nol eC%s%s HBwdvBE HBY S r@ﬁ%é@%ﬁ@%ﬁn%m&ed ﬁé}&ﬁ #B?teﬁang;g TR Sd can

be acconplished in any'vesse or contalnin

Exanpl es of B@WW&W%@M%W@Q@M@W&SQEM 1§ orpwhich dransgkep

\T’hCr ﬁCegésl f & lsvialm&waiﬁvm Hﬂmeiﬂwibeirﬁiuéddmwgr@%rﬁiﬂgmmmmbiﬁ ipr ovi ded
i ch adds ;EEQ. ein to be bound to a matrix. For

exanpl e, da)hgpggéel n%tbs%ua&\g}a@dr? E@Bgrbed onto Ni-NTA mcrotitre

pl at es (Pabo?'@‘!@sﬁﬂ@t cogpounds 65‘ progiuce-o\ptatistisally; significant shanga jim HEVaRretsinbed to

IﬁG vvhldcg adepehdent responsak (iher linilatiom6r ifhiition)| csts b igentiied. 9.  ( 35) s- | abel ed) and

t he candi dat f mﬁ!f

conduci ve tof?'cE}SQFBQMF&l {rﬁ{l:‘i*or{ &?argét)&“ bitﬂdwc%%ﬁ Ica ﬁggﬁgg# %‘%‘gg? or salt

and pH) . 9ol thegeiderredueiang Activi “@hé'?(‘df protein '&r’@?dwa'gﬂéfﬂ cells ang the pfects

unbound | abebandnaitd chrhpduritston ithe reatottioF intefestisiahds Fatelbf aifevtion, odmaifafatmdr

direct!y. Of gyt Cow@m& i aﬁehﬁeasgg@ ek SRanhle 4l POl

Plafefl-
Al ternati veI dI ssocl he matri x, separ at ed
by SDS- PAGE, f%d\het W@'areé\fe'r" ¥r theySceopivgated. he.pS-Schridgp: toTmoeas; be pesayRy. FA t he
bead fracti osxampnthe lesiressioh bhganes@highedre up4 orglosit-teagalated incrbspohsecp a0 THOV €

t echni |
echnl quys. 3:?«3 A d;faﬁt“s'iliﬂhl%k?cﬁddc @h bb%@ d. '“?**ﬁ'g‘?.@ﬂ‘v’@gﬁﬁﬁ'“ lafoys can

al so be used screeni ng or exanple,
ei ther HCV pfegiees ff $i¢h penesy eg-glbe snﬂﬁ“!é'B%P "’t?t&ha'lf’eenhﬁ’ﬂﬁ?bfﬁgl"f'%é’ée gRarally i ng
conj ugat i on Wikedioat detectablel matkerc(stch \as dliciferasi) witichreptaibeal giE\prsluctitiat oan el ecul es

can be pr eparee&hyfase&a&) PR&sbﬁbrN{ﬁv EMMAWISIRK Yr HESTotBh rgéErholbiciies Gart a&hsu ques
wel | known 1n n'a %Y bi Otlﬁ'qpr}él ation kit, Pierce Chem cal

Rockford, i ”ne?sureg 8’7’%{1@% mRoRIelg0 "t he wel I's of streptavidin- coat ed 96
wel | plaees (Pierce Chemical). Alternatively, antibodies reactive with HCV

protein but mra&edﬁe dFeeerit ﬂﬁ\@ﬁtfoﬂfﬁrtﬂmé o Bi massuy fof ldehayw @érﬁboﬂn&sothhlt s

target nol ecu be de ti ate, ..and

brotel n {1 apfaiat, i epaRheill sy, ot ho role b s Sake. e oABEY Chove,
prepar at i onscAHMPABINGICY pr ot ei n- b| ndi ng protein and a candi date conpound are
i ncubat ed i n{d) he EipbsinycaNstixprassing HEV prdidns) & ahgiufdtioniaheduivaledt patitherebhe 35

anount of conpl ex,d 4 ﬁ&gggo\;e%;t %ﬁ*km&%&dqﬁﬁ%ﬁé"m%@% Met hods for

detectlng such conple in a scr above for the
GST-i mmobi | i zed cHAPIRedELCaps AR 81 said ARIpISIR tWBR! 1o0® dstemeientb| exes usi ng
ant i bodi es react i arel thardaltert he HCV protein target nolecule, or which are

reactive wt )memﬁr@'sadaa@snem&s% bltolrbRicthét iy, "0I ecul e; as  well as

enzyme-| i nked assays which'rely on détecting an enzymatic activity

associated with 40 the target m)l ecul e.
30  The reversibly protected HCV peptide may be used for diagnostic coupling purposes in, for

example, an oligomerised state as (1) chemical polyantigen preparations (the E1s coupled
antigens are not necessary HCV related and may thus be used for multi-disease screening);
(2) targets for immobilisation and immunodetection (e.g. biotinylation, flucrescenca) or (3) for
antibody conjugation, which in turn may result in supramolecufar antibodies (e.g. Antibodies
35 on virus-like particles). The labelling and antibody conjugation result in-an increase of
sensitivity due to the amplification step by oligomerisation of the protein.
it has to be mentioned that any reactive group on the peptide (sugars, amino, carboxyl, thiol,
histidine, and the like} may be exploited for the coupling or conjugation. The reversible
protected group can be used to enhance the specificity of reaction and the thiol reactivity can
40  be exploited in a later step / phase of conjugation after daprotection.



WO 01/ 30815 PCT/ EPOO/ 10499 |17 Anot her technique for drug screening which
provi des for high throughput screening of conpounds having suitable
binding affinity to the HCV protein i$ described in detail in

" Det er mvw@bisspe1sof Am no Acid Sequence A%geni cityl byPCRERIGMIPIN, WO
Application 5 84/03564, published on 13709/ 84, and | ncorporated herein by
ref erence. FiRaly thpgregent inypnfien reiatepte 28 immupgassay for detesting HOVhantibedycwhiehs t

conmpounds alsmungassaye sorgrdesd (1)aprovidinglthe LiusifisdoBiEY proseil as adefiddatsdrein; gdiNs or -
some ot her ; fol & : . i th f ment s
of TV pr ot e auHifh ReRhf |2 nnd £ BRBHEH i whP G AEy Yiloh BP0
wel | known Fonditipngihat aiow the formatiap of antiogsiy-antigen complexs (3) detprminingwhethiersaicct | y
ont o pl ab es atibody-shtigentoinpiex ddthpesing salHCV proweinl iformgdscr eeni ng t echni ques.

Al ternatively, non-neutralizing antibodies can be used to capture the

peptide and_j mobilize it on a Sflidﬁiu ort. This Invention also

cont enpl at ed"? m&‘@vﬁf“"c"ﬂ'ﬁw fe; ifugtcat [angR.1q;thi following examples wichyset

neut r al i zi niprihnpartisulaiiy advaniepasus egfbodimants.n Howsmer, v shavidbe netedf thatathese conpet e
W th a test embSdiientgoars brdhOillusbative iang) carlhot pé @brstried dsito irddiriet 18 verition i e

ant i bodigs e used to detect the presence of any protein which shares
one or nore antigenic determnants with HCV protein. In yet another
enbodi ment, the invention provides a nethod for Identifying a conpound
(e.g., a screening assay) capable of use in the treatnment of a disorder

characterized by (or 20 associated wth) HCV infection, HCV nucleic acid
expression or HCV protein activity. This nmethod typically includes the
step of assaying the ability of the conpound or agent to nodulate the
expression of the HCV nucleic acid or the activity of the HCV protein
thereby identifying a conmpound for treating a disorder characterized by
HCV infection, HCV nucleic acid expression or HCV protein activity. 25
Modul ators of HCV infection, HCV protein activity and/or HCV nucleic acid
‘expression identified according to these drug screeni ng assays can be used
to treat, for exanple, HCV infection or disorders related to HCV

i nfection. 30 These nethods of treatnent include the steps of adm nistering
t he nodul ators of HCV protein activity and/or HCV nucl eic acid expression,:
e.g., in a pharmaceutical conposition as described above, to a subject in
need of such treatnent, e.g., a subject with an HCV infection. The tissue
or cell specificity of the drug may be enhanced by using the drug targeting
nmet hods (see Davis, 1997) or intracellular inmunisation. Liver targeting
tools are for exanple 35 biluribin coupled drugs (Kraner at al. 1992),

asi al ogl ycoprotein receptor or lipoprotein nediated transfer of drugs
(Vingerhoeds et at. 1996). Drugs may even intracellularly targeted wth
cell organel targeting of DNA expressed nolecule via cell organel specific
targeting tags



(Persic et al 1997). WO 0100815 PCT/ EPOQ 10499 Methods for assaying the
ability of the conpound or agent to nodulate the infection of HCV, the
expression of the HCV nucleic acid or activity of the HCV protein are
typicall¥v§ %ﬁhgased assays. However, HCV infected ani pol/spraredsal so
contenpl ate erein. For exanple, HCV Jd4@fected or transfacted cells which
are sensitive to reductants or oxi daEXAMPLES whi ch transduce 5 signals via a
pat hway i nvol ving HCV protein can be I nduced to overexpress an HCV protein
in the presen [ di ‘-oungn Candi dat e conpounds
whi ch pr oduce®aEStat+str imeis : TR e protetn - dependent
responses (either stinmulation or inhibition) can be identified. in one
gg?gdgpenﬁlb %"E&e 254 bratbinCfamind ati88 192042 wddexpleYeed whB phil HBmOVerd Béils g NuC! i ¢

oxI do-reduct as ctivity of an HCV protein..is, nopdulated in
cell's and t HEoRMbMapt @ochia a(’:‘ﬁﬁﬁﬁﬁ‘g}’é %ﬁﬂ%’lﬂfﬂa‘g PEloce dr”@‘?i‘b% MeNSehr est
(such as rat#. {(PCTIERf 96/03001), except|thed thel hidcking tol te thin! groupsfweasalené aith doddo- or

oxi do- r educt Zaemieldnt i N-UthylREmFE SENESbrind RE WRKHNA Rer thi) FeduétRA Siith iDAR, r at e
fromthe thlol ated f,gtrmr_glho t he e formé:an be

S-conj y i.e. S-S bri ,
assayed. For esRegUyRly @"Wpffeés‘g'f"ﬁﬁmgﬁ g’ﬁé?%m"?ﬂ 'Hr*ée ﬂg‘g‘ byfer, an
down- r eguid at aichiation withd\iickh after the reductieiCylepl@thl¥idt ei n - dependent si gnal cascade
can be assayed. In preferred enbodi nents, the regulatory regions of such
genes, e.g.,_ the 5  flankin ronot e nd enhancer L ons,, are erably
linked to a H@t%’@%ﬂb&% WR R “B'E‘ﬁ'ﬁ(‘}e'f @P@g@) ‘W‘i"ﬁ“’iﬁe@mﬁ%ﬂﬁene
product t hat withehrglyensidasselti [RGNage F:ciopkringer IManrhsinras| desdribed kyf the-@enyfactiresi n or
HCV pr glt ei {1 befor ggﬁgnq_mé aoid! Qs ﬁaﬁdbd%nsa 5% PoRAGYIARKe ;ﬁiﬁtaen._esmes gys
i nmuno in er re.the pres nvention perfai a_hi oassay
for i donds r yPtgmes o8 B5teecdnd bbimP i bAE Mot Rte 3, (el o1
HCV pr ot ei nsaftegsizpseparadpnapdstaining aj d bi oassay conprising: (a) exposing
cel | s expr espjotafhs Weré dsaRbEhyA situFypsiidyysib, NG treQrBsUtting peplté Higést Whs Avidlyked her eof

25 as define t L t ate the

oxi do-r educt _sgﬁg%tgwpfﬁgs;i%%ﬁ) ei ngﬁg"ﬁvﬁéﬁg tg{}‘ggtké%aeﬁq%%q%’d; and

t her eaf t er (®iferemd Aystainei’dRidue®i d protei ns for changes in oxi do-reduct ase

activity2030 The reversibly protected HCV peptide may be used for

di agnostic Cﬂ‘nb%éMu}ﬂ%ﬁ&?ﬁe&ﬁt@iuﬁ&ﬁﬁ\a%@ﬁ&m@“ ol igonertsed-state as (1)
e El's cou

nocessar y HOI T el BEkd% Mk G AL b GEuRhes JplefEieert s IACHROBISE: coni ng):
(2) targets for imodotsi i sati on and i rmunodetection (e.g. biotinylation,
fluorescencepyor i3l shfof the kB Ads, CRELydBMb WablodhBd wWhh AR, the Gther Bf¥eideeS Ul t 1 N
suprarnol %gul ar an&ésbp?gsler?tsés%%MgdemAaﬂsteh%r% I :S
3 in ca. 60% of the CXXC-motifs, both cysteines were retrieved as NEM-derivatised
product.

These data show surprisingly that
30 (1) either the two cysteines were presant in a fully reduced {"thiol") status; and
(2) either one of the cysteines was involved in a mixed disuffide bridge and the second
cysteine was present as free thiol (intermediate form); and
{3) that both cysteines were present in the oxidised form (disulfide bridge).

35  Although the experiment is performed with an HCV peptide, ie derived from an infectious
pathogen, these three forms correlate well with the different oxidation status which has been
described for the -CXXC-motif in the TRX superfamily, and correspond with the activity
pattern described for the thiol oxidoreductases , ie molecules involved in regulating oxido-
reduction environment in the cell (Rietsch & Beckwith, 1998; Loferer & Hennecke, 1994;

40  Aslund & Beckwith, 1989 ; Huppa & Ploegh, 1999).



35 on virus-like particles). The labelling and anti body conjugation result
In an increase of sensitivity due to the anplification step by
oligonerisation of the protein. it has to benentioned that any reactive
group okwd digesIepti de (sugars, am no, carboxyl, thiol, HROT&FORE and the
i ke) may be exploited for the coupli n%[ or conj ugation. The reversible
protected group can be used to enhance the specificity of reaction and the
t hi ol reactSincethes aysteinein the astivelsite df dhioredoxin arexixidlised drejthd diplifitiacbrioge mmtj ugati on

af or 9°D" e rodilahe 308400 Bolbq0A o 88) ag?b%ent%@ﬁgﬁéﬁéa%. ch

invention re munoassa
i munoass aMW‘f’B‘EE‘QW( tl'?sep"ﬁﬂ'%" Eﬂ"ﬂd° {ndicatg, that fﬁ‘% - ipyelved in, @B @P"@?’d@f@f i ned
herei n, sor mchénmtﬂm iscdepergient\on|oeite intrezelader oxiddtiye statasi ton thenvggemelation ofgi cal

anpl e w t tion of
:mtrrlpbod\;lvI ant | gen CO Psfgdgédafmg?%ﬁ#ﬁ:ﬁy hﬁgmﬁ% gggﬁﬂg%{?:lﬁb% Flssmzjtfnlt [ gen
conpl ex corfd gg‘? %? ﬁ“&erﬁ"’ﬁ“@s develqt W‘éw{q"@n will:

now be il ustbyaddmbrbgt cnmbmn@n@dmnurbmddmlwmlmntgfemlzmpém théinbécetigtar forth
parti cul ar | ygyadiniipeRes enbodi ments. However, it should be noted that
these enbodinments ar'e nerely illustrative and can not be construed as to
restrict®the invention in 10 any way. WO 01/30815 o PCT/ EPOO/ 10499
EXAMPLES Exanpl e 1: Det ermnation of the thi oI di sul phide status in
VaccCi Ni a exBhLesc ) BEfR Hab rekrérd tolnda) \Was
expressed and p S u5|ng vacci nia virus
pv- HCV11 A according to the protocol as described in Maertens at al.

( PCT/ EP 96 180/mrgmyces cerpresian fypast)relisoprodicing disdagged HOV 18| werg baryestedety done

with | ogo- ramﬁlﬁmod%naa@huhhgﬁi&wfrﬁmeéwanei@aréhﬁmpeﬁm iNG volufheb Waisouftérd af ter

((odoacet ar S phRehih om GG, o 74 rbines AL P i %ﬁaﬁﬁe PR ter the
reducti on sidded Whmsqmvn "ﬁ;hfé“abﬁﬂ“?ﬂ’éﬂ?"l?! 160,1aN. apeh B2 M regpestivaly, Cu™ (100
ultrafiltr ahumm@@emﬁdu i (NH,)Li8 ,adddd| dsi qaealysator mﬂgbgmmm{mt 610100VM Bnd the

N-gtycosi d [ h mgg

rragm}lactur:s?Jﬁl ton is wﬁdc(ﬁ ﬁﬁﬁhéélrg&'\?vé ed on ted%%‘f-”&?yAcryFAm de
ni ni gei 29 mcﬁ&?‘@ | F‘m!c? £\ ﬁés@r‘f‘ﬁé’lffﬁﬁzeﬂﬁw The protein
bands wer e lmidazolgandEmpige: wlbhm&tvwilson,ém ane adcgdite the supsenatang aespedtively, and

st alt nhngd Riio4 Ghdl %oxu%hﬁans.k SAEE thMOlnd 1% A akd %B%Iaﬁﬁh )$ bSplied 8 & RAPAESUl tiNng
B e e Oy 2k PRyt i SpaBE 6 7 PBaR S B AT . -
The M5 r esulmidezale,d% Empigenhe cysteines in the CXXC noti f t hat :
25 The resin was washed with the equilibration buffer till the absorbance at 280 nm reaches
baseline level and the bound proteins are eluted by applying an imidazole step gradient.
SDS-PAGE and Western blot analysis show that >90 % pure E1s-His protein is retrieved in
the 200 mM Imidazole elution pool after sulfitolysis under denaturing ‘conditions and IMAC
(Fig 6B). :
30 Sulphonated HCV Els is desulphonated by addition of DTT to restore the thiol status and

allow the formation of intra —and inter molecular disulphide bridge.

35
E. coli cells producing the mTNF(His)6NS3 B9 fusion protein were harvested and the cells
were resuspended in buffer A (see Example 2). Sulfonation, sample preparation and metal
chromatography run on Ni-IDA Sepharose FF (Pharmacia) were done as described for yeast
{Example 2). The mTNF(His)6 NS3 b3 fusion protein was retrisved in the 200 mM Imidazole




(1) in ca. 10%of the CXXC-nmotifs, both cystaines were present as | AA
derivatised products; (2) In ca. 30% of the CXXC-notifs, one cysteine was
bl ocked with | AA, the other cysteine 25 was present as NEM derivati sed
product; Roigsga. 60% of 'the CXXC-notifs, both ctystei npermegotodost ri eved
as NEM derivatised product. These data SRow surprisingly that 30 (1)

ei ther the tweMioDPPYl; (RoMagH9 HaipngofSRS-PAGE g9ls andyWestem blelcshpwedhthati thg HEY at us;

and (2) eit hefusiomprowh is ¥80%qyai aitersaitosis ahd IMAC\S Figle®. Ni xed di sul fi de
bridge and th 2 ' . hi I nt.er nedi ate
Pormy: and (31 fionpoati el HEdrefien bf EEh N ok clafierFiime?
(di sul fide brPRdie putfiedusiprpretain aw raduged with 200 mM DT and e pstrinvas deaaitediCy
pept i Fle, ¥ ldmra'swrd aetaen6aM ufeningsH 4 ohia Sammemolmp@?]ﬁaé@.egﬁaﬁm of
correl ate wel L ; [ . e
descri bed for é’%‘f\r@é{d?&% 'grr{t'fftr%"?‘E Fx’%feﬁ&é Q%i‘(é %tﬁécﬁa&tgﬁgﬁewé@n%q%ﬁ?’r%gg%ma W th
the activity fUSan prelel repctivity wasyprifies byarding thess acents eitsprcheinre frenzing at+79° or
nol ecul es i nvioy adelitig these cogpbatidis Oling the dilutions MAHEELISN coBgibumpENt in the cel |
(Rietsch & Be ' . £er 994 | und eckwi t h,
1999; Huppa &ﬁ\é’%‘%g%' %8@53 . {,@“ﬁﬂyé‘ﬁﬁ%@ﬁﬁﬁ%ﬁﬁm@ F Yqre dicuded a3,
cyst ei nes 19 n Pasitive,gnd npgative centrgk respactivelys xR (1729%: 17332} 1are aifficalh detedteblasesail f i de
bridge in t he(HoVNSScomsding %m}@lwwd(17$m1mm£ﬂyc{ai&&alﬂdi—ldk%@éﬁivﬁ%rm (60%
IS I n agreeng PR o] Way e?&“ t eI ts
tend to indi cg%\é%rﬁaégég %9%*0%% yed“?%\é‘%ﬁﬁﬂﬁ%‘%?@&g hgl(”ri\'ﬁaié"ﬁﬁrg@ﬁ' sm
that I|'s dependfgns sNS3,ppiieg)er (9 spra vbich seagt withN%R: epRopesswhich aye foply prasented
regenerati on ¥id recdgeizecly antibelies eatbrotrdatnient efdsutieraiol NS3 bg ey 2000mM, DTThén - S- S-
prot ei n basedsAgEE G6RERy Hefdsthnid 'sé}ﬁ aofrea ot with 36 5hid TS ﬁ&%&ed%é?%& LS can
be di m ni shed_hy. i ;}terferl %_at the | eve _ict)‘;?nﬂgrotel n fold ng or_py
addi tion of cHHFBUISestaringhe mmupelogicalpagetivity, Ahe. BLISA resuks-ara givem in Figiess t he
intracel | ul ar5SAand®Bx status of cysteines. 10 Exanple 2: Purification of
Yeast Els-H strafrbsdits 3w eHat ihb uSpdiiditty’or i ehfBest sifot %Féﬂaﬁ&nt & Wil e es
cerevesi ae (yé;%gti])% { el Jﬁs ﬁ@?um % hi s-ege%%ged H e were harvested by
15 mcrofiltration %_8' ce PR A Yty d edhar (1) @Ber requstion, of the NS Wlnded i n
5- vol umes ¢ y 209 mdPTE thesgation puftes prH@ithy incaitich o trieciamplel diiuliilin the bregenge 6=buf f er
A)) anfl s?! | coNREOB 3mMaDBHOBrodided thad #RANES shit s@ldmsztw 'Qv:ifﬁ ghiu nﬁﬂorﬁdti L
concentratio idhfif2 .espect | Y. + , 0
solution in {’fﬂ.l s ag%‘gaﬂégm?bg? %ascgﬁ"o?gﬁnﬁsr Y'%S %??é@ﬂté’a‘g? dﬂmBF"s'bPGB' pM and
the sol uti onREVIlY ¥asHmprePrenpanged grth dithiopashmmates sy withy glsthatiion, tyseimt & | S
stored at 70Ghieph@necarboxylic acid (TPCB) or thiodiethyleneglycol (TEG). Gluthathion was in turn
25  superior to Cystein or other tested mono-SH (TEG, TPCB) products.The best ELISA signals

were obtained for NS3B9 fusion protein, which was incubated at ~70°C and diluted in the

presence of thiol stabilising and reversible protective agents.

The need of the DTT reduction step to restore the immune reactivity after the addition of thiol

containing compounds showed the formation of mixed disulfide bridges between the thiol

30 agents and the cysteine residues of NS3 b9 fusion protein. The addition of thiol compounds

have inhibited the reformation of the very stable intramolecular'disulphide bond, that only

couid be reduced with 200 mM DTT. This mixed disulfide bridge status resembles the in vivo

thiolation of proteins, which is known to be a regulator biological activity and is with minimal

energy input transferred (enzymatically or by a ‘S-S reductant) to the reduced status.
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20 cleared by centrifugation (JA 20 rotor, 27 kg at 4C) after the
freeze-thaw cycle. I m dazol e and Enpi genTm (Al bright & Wlson, UK) are
added to the supernatant, respectively, till a final concentration of 20
M and Wodisests and the sarrpl e I's applied on a N -1DA pEemreoms® FF col um’
(Pharmama) aftr_dll on . th |brat|on buffer Buffer A, 20 nM
J -5 o AV EL 1 = :,e_ :‘ b .; On

steine sdsiduesgfrour.the SXXC Sife basel i ne IeveI and t he bound
proteins are eluted by appl yi ng an i nidazol e st ep gradient. SDS-PAGE and
Western bl anal t hat >(? % re El s-Hi s protein is retrieved in
the 200 mivi 15 'P'éa él" @’53? %uY‘?’Pt'S?W‘!ﬂdsWUﬂUWMaFMN ng
condi ti dns temmina) feioh of(Ei @@Bmpn@bn&mmmmmizé{?dgﬂlﬁg their i) ﬂhﬁﬁb’it ed by
addi ti on of r Ja8N of
In Ia?aIr oo/ % bep:mewérb isftinesizé ra&ﬂ:.g%k |959N gﬁé}@ﬁ b {5 Ratdl

antra -and h [@?ecu ar hi de br| on and
i mmunol ogi dafsePe B' Wf?“% “ﬁ\l’!ﬂ@f"&? Fﬁﬁ“ E3avag adgqipad teg| | s
produci ng tmierolifitE(esi asy AcBoriRelonal sintiody wed ellawedits mabﬁh\nbsbmdemédf ahe cells

wer e resusngpsteér ind pBptidb Siastd o M8 rESUIP te ten mo@é‘oﬁ%’%@ﬁﬂ Bs cai S spfi in

t o h -
b mald oy rubt TRk 15 HoL R s g the ilmel onione, s 58 205 avr 527, oameiaiRE H s) 6
NS3 b9 f ustk 9 reactivityl with peptidel Rt sontiining the Piibacitis 225-22!2prbms\ﬂﬁt@ie§@815
PCT/ EPOQ 10A&Hclorhsliédver aréitbpe &ampPﬁg iwith HePthideakirliike o, A sk Qgt )

Western bl he . H Sion rote|n|s> 0% pure a

suititol ysﬁé 3‘%3&%’%“‘”%" maf,ﬁ@to "‘?'29&!8??%?'[9&"812 doginot s on
protein vvas"’%qhé't!‘k@ﬁﬂwe@!'ﬂ@#’se\ﬁm Hhﬂempwre $upmanigerkim Talleet.a The purifi ed
fusion rotein was reduced with 200 mM DTT and the protein was desalted 5
to 35 MM acghiles h Phar maci a). The
ef fect of 4l o trocar banat e,
GSH, cystei J '_ proteln react|V|ty was verlfled by addi ng
t hese agentS—ertHEl DePOT B ec7rh %Y phy addi ng these conpounds
during the dilution In the ELI SA coat| ng buffer. NS3 fusion protein coated
I n the W estemerge 10 MM or 200 mM DTT ve erdgiddnideP*asgesh@tposi ti ve and
negati ve contr DCENSSIMYEAMPAYLHERr a ( 17208-22U7832)63ar aolicbinpetition

det ect abl e Biy-3G-(SNEEINSEAADMIMHTPECV Serz)8-23Y send 6 1&drpeti¥888) are

easi |y detectabl e HCV positive sera. HCV sera which are difficult to
detect are J ‘ 1 ,HCV antigens
(NS3 onlie T - RSS! pes-<mhi ch are only

pr esent ¥d %ﬁ@%gm zed by anti bod| es ad txagnomeam’e'nreshlwl f onat ed NS3
b9 with 200 nVINDCENSSIVYEAEDALEHTP, for ZH¥s\22det e@63bl eompeainibneat nent
with 10 M BIOFGE-SNESTYVEAHDANEETRGCE <A0d-237%ent 486" cembetibfon he

i mrunol ogi cal reactivity. The ELISA results are given in Figures

30 The minimal epitope for each group is underlined
*IGP refers to the peptide code number

note 1

Also monoclonals are available recognizing an epitope in the C-terminal part of E1 (IGH 207,
35 209 and 210, aa 307-326; see PCT/EP99/02154). These monoclonals may be used as

controls since they recognize a region which is not at all in the neighbourhood of the

thioredoxine-like site.

note 2

40 IGH 198 =23C12 IGH 203 = 15G6 IGH 208 = 5C6
IGH 199 = 15B5 IGH 204 = 8A8 IGH 209 = 5E1
IGH 200 = 25CF3 IGH 205 = 3H2 IGH 210 = 7D2
IGH 201 =11B7 IGH 206 = 7C4

IGH 202 = 3F3 IGH 207 = 14H11
4

Thus, monoclonals are available which can be used as tools to determine changes in the
biological activity and/or conformation of peptides of the present invention.



5A and 5B. The results show that the disponibility of the epitopes is
strongly dependent on the thiol redox state, i.e. the difficult HCV sera
are only detected either (1) after reduction of the NS3 with 20 200 nM DTT
in the coyddigesayffer or (2) by incubation of the+-sanpl epcli/kresneds® n t he
presence of 10 rr1VIor 3rr1VI DTT provr ded th%t the NSS sarrple is diluted with
t hi ol cont ai =s§ Vst SLe BVGSIe » 2OBEMRSagent s. The
restoration of the |mrunol ogl caI react|V| ty was nore pronounced Wi th

dl t hi b |

2cid (TPOB) ofipen e%ég%@g%@ f*‘?&"e@m&ﬁ*’@hg@ (et ERSRRRRAE BT ©
superior to 't"é‘l‘?f H’@s 4ddag tedhe ysalte up-fo S insteag)of eduenersiblerthiel best
ELI SA si gnal sblocking egernbmtmmreﬁmde (NERBThé lysdte waginaibaied oveiijit fat mwwbat ed

at 70C and d bl e.
protective aife‘)r'@%%"r%e”rsnﬁ"ﬂmgﬁﬁeﬁﬂ%” @QQ ?%‘%%Jt’deﬁk{&g" rggg' Pore 1 l%{ i mune
reactivity aféndreduption witl DTTovpre,periopmedias deasr'he&rwag*eeﬁ)ﬂﬁbdﬁ% EB9RAAB3N)+ he
formati on of Themd:edwambvés sistit Ird agwastheraaifonkise olemight at 3¢ BPRASI .20 t he

cysteine re f ounds
e 1 i by ¢ AR bkl i fdiaRdiie BB of ord el Hho biefhed BTPOLIC0
bond, that® ori¥ef asmﬂ -fpataddils warg anpleﬁowm 209 (Phammaciayinibe p@senge of de

bri dge stat usEmmgaaméalae:gurela)eamme\Ewpeakw analysédby SDS-PAGE #hdVeestemibieth i s known

to be a regul [ foh i Myl put
transferred (grg%ﬁmga%a@&&I@%Mé@gﬁ&@@gﬁ%@@o thevergem&f’%‘#&t at us.
35 WD 0150815 ayeAndogeusty o BEG i 19 Presense phFmERioenEP$rodi es
agai nst an El PﬁﬁﬁaMBMGmdgapw racimilait dority legree@y the@iprauctesi dues from t he CXXC
site Ten gpnocl onal antibodies, directed against El, were identified which
recognize the N- 5 ternminal region of El. These nonocionals were
characterized regarding their m n| el epltope In order to do SO t wo
pepti des wer eExample Y Etsdpurificatic X dfte ‘ he t hese
pepti des was mpayahesZotfioPMdati .\ corrpetltlon Recorrbl nant El was adsor bed
to microtiterplates and the nonocl onal antibody was allowed to react in
the presence of an excess of the peptide. Based on these results the ten

nonocl onaP0 arXaceipiainfested BK1H celsvera lysed ag descrihed iy Magsteny atah (RCTIEPISIE31), he

fir St gr ?up t HuCastbrbats P mMBRids @REed 16 the Jys20 8s hidl stasBraiRdtetid! o NEbleThe' RAle0f Chat

reacti vi G | n ro es tha
y Witd SlB@RMhQ‘EcR%sm aﬁﬁ‘{hﬁ LBA Qﬂ?é %ﬁ?nﬁ@ﬁmﬁguﬁwﬁ B acd o> 1 o

t hese nonocl ona ovVer
site, nore spd®jacidified slyate was FP"P?T@"’W rafter ‘E’}i‘%‘tfbﬁ P wes agpsted t@.?t%andrmtem ni mal
epi t ope” of t hethiIMas desortes imaeymalapduessmm)r each into the
t i or edoxine-relt gl cfotei (ien Wi diitafa Plafocld R ity gk ¢ drjo 20! ©
1. mnimal a rg& p‘?Onea t1on o% c?na an éb ﬁ' Qp%pT d% nst El
llnsmg condmons) or (2) sulfonahed with sodium tetrathronate (reversibly protected) or (3)
treated with NEM.bio (irreversible biocking). The SEC of the acidified (pH 6) sample was also
performed at pH 6.0. The other 2 samples were separated on Superdex G200 in the presence
of Empigen as decribed in Maertens et al. (PCT EP95/03031). The elution fractions were
30 analysed by ELISA, by SDS-PAGE and Western blotting.
The material, prepared as described in Maertens et al. (PCT EP95/03031) Is included as

reference material for the SEC.

Fraction analysis shows that pure E1s is recovered for the different conditions {Fig. 3A.1 and
35 Fig 3A.2). The higher apparent Mr of NEM.bio E1s materials is probably caused by the
insertion of voluminous blocking group on E1s.

Figure 3B shows a Western blot of E1s pools, obtained by different procedures as described
in Examples 5 and 8.



El nmonocl onal antibodies group 1: 1GH 198.199 and 200 20 Sequence as region
| GP* result NDCPNSSI VYEAHDAI LHTP 205-224 263 no conpetition

Bi 0- GG SNSSI VYEAADM WVHTPGCV 208- 227 436 conpetition El nonocl onal

anti bocyvggl,gfswoe 2: 1 GH 201 202, 2Q 204 205 206 and Mmﬂwq%ence as

region | G2* sul t Al 205-224 26 I tion
Bi 0- GG SN ﬂlm EA!E:‘%‘ h‘ﬁﬁ“ QI rop-igng g%‘f@“‘?ﬁ Y epi t ope
for each gsingipvérsible modiitationagents@P(2) sinping the ghiometopiaphy tdﬂemdkstammr note 1

Al so mnog&mﬁﬁg%afoﬁdﬂ%w | e recogni zing an epitope in the Ctermnal
part of El 35 2 and 210, as 307-326; see PCT/EP99/02154).

These nnnoclonals nmay be used as controls since 'they recognize a region
whi ch i5s not at all in the nelghbourhood of the thloredoxine-like site.
note 2 40 D L dghng i Gt

204 = 8A8 I GH 2 '

201 =11 BHIGRYKBG, = 7C4 | GH 202=3F3 | GH 207=14H11 45 Thus, monocl onal s
are avail abl e which can be used as tools to detern ne changes in the

bi ol 0gi calyagtiid Mebtéd Y8 Qlis ﬁ&@iﬁé&@dd&&m@é indRroAC st 40f(PLH EPS/ESA

Lt o 1000 ey oseclimay (A wds o e veraiia HionkS Jher ap'%g' eﬂ“’#é‘" fi cati on

| ysed as d@fer@npwvarmightincbelion #48C.at al . (PCT EP95103031), but solid sodium
Tet rat hi Obivlhkﬁnal% ﬁsdded.dAOre&nhthaﬁ@ #éﬂudléh Whh oYt difat r?#dmﬁﬁonh Rore o
rreversi n sate was
I ncubat-ed p8€°é'5'n+ 99 &%g(,&%%q}aggﬁpurl em%lgblgﬁ? E%/'kt I"slgggt % (LCA)
chr omat ogNEMR yThe Efepeobwasanalyzadiby ﬁ""e'fs'@mﬂ!'mwl‘émgand reduction with
DTT) Wer e WslerDbioEhalysis JEHE Isbraibsliifisd grbdact showedbesites tHeRjudrdtBamd MIRS1) . The
concent ratr ioNeS7. §é)|kb£ %& érl' eﬁgﬁ%v’tﬁht eh{ %FfaL&Ra{aeQDQV Eﬁa& Wihe 4C by

Na2S4C8 or Irreversi b hyl™-mal el m de as T ef erence
mat eri al . Wﬁ%ﬂm %“Q/\Eq sequengif. NEM treated Els were applied on
Super dex G&iHsignElsaguance of)thd differdmebantiecf thecmarntit: _
YEVR?VSG '
20 {amino- terminus of correctly processed E1s)-
Sequence of E1s degradation product:
?2?2VALTPTLAA ,
This degradation product results from a specific cleavage at the carboxy-terminus after Arg
237, which is localized upstream of the CVPC-site. The first and second residue are not
25 identified, because the cysteine and tryptophan amino acids are destroyed by the Edman
seguencing method. '
Surprisingly, no other degradation products were retrieved although other basic residues and
even dibasic sequences are present in Ets. This specific cleavage pattern corresponds with a
E1s domain structure, which has been described for the processing of growth factors, such as
30 thioredoxine, which cieavage has resulted in the formation of ECEF (Baicewicz- Sablinska, et
al., 1991; Newman et al., 1994).

Example 8: Titration of the pKa of the cysteines in the E1s CVPC-site

35
in order to establish the sequence of reaction steps, ie which cysteine of the C,VPC,-site
reacts first, the pKa of these cysteines is titrated. The pKa of the cysteines in the C,VPCy-site
of E1s is determined by modification of the cysteines in E1s or synthetic peptides in function
of the pH.




Enpi gen (see Figurel) and the El s peak was anal ysed by SDS-PACE and
Western blot. The chromatogram overlays as well as the ELI SA profiles show
that the irreversible protected and suffonated El a product behave
anal ogousyoses8EC | n t he presence of Enpigen. SDS- PA(IC'HBHJOQN”er st ai ni ng

h iml f the 2 15 I
f)uﬂNf iac Z.![ imo ﬂ%ﬁ H@@{ca%s p%f?ﬁ'ﬁ?‘ﬁ? tﬁ@"e“@%t ﬂ@emsg}plﬁ( Vggrgaffeﬁ t!}eﬁ@m r Zsence
of thiol st aﬁboddeeomgPaa@ﬂmamtheanl-timﬂmathTrmemmthﬁG'Fmel | s were |ysed as
described iy Bﬁ&r th AB8rmite b moétpr%h@:&/%ﬂgQ%QxcessWiAﬁ@r%Eéb?\pﬁtrEmé\?edW was

added to th te as thio tabiliser t.ead, of | e” was
appl i ed on ﬁ?é’y nopdeagt ?n%”f%“pﬁd?em Ea'sggltgl? %"eﬁg?rl F&ﬂgp{ 4 5 with
1 M acetisc tyeneiminé (El)or Brbrrioredanaéniiog BEARS concentrated, after which the pH

was adj ust edpb Qeafment @«IWEltJr BEA ?éiuus‘M e m@éﬁﬂcﬁ%’ﬁ oﬂkfﬁéir{d rhﬁﬂkd\ cﬂﬁ%ta@&ﬁ:t at al.
(PCT+EP95/OV1(2‘§%)?T%95 he red‘a_'%l ot ei.n so s& Eqd treated as
fol l ows: eit 5,8 PPIPTEeNaTY, %ﬁ"@ﬁf'fl‘ﬁ‘tﬁl '%ls ementary Site, AtAWS BAs) or
(2) suff onatidediifiehtion obwmadst neactive tcysieie ip thwt -61(ACsitervia nnbydeﬁmmmmagi;md)MS( 3)
treated w t hgddfaldh Bkgingid 1) €ver si bl e bl ocking). The SEC of the acidified (pH
6) sanple was al so perf)or med at pH 6.0. The other 2 sanples were separated
on Superdex G200 In the presence of Enpigen as decribed in Maertens at at.
(PCT EP95/03031). The elution fractions were 30 analysed by ELISA, by

SDS- PAGE and Weetem bl otting. The material, prepared as described in
Maertens et at. (PCT EP95/03031) is included as reference material for the
SEC. Fraction analysis shows that pure Els is recovered for the different
conditions (Fig. 3A.1 and 35 Fig 3A 2). The higher apparent M of NEM bio
Els materials is probably caused by the insertion of volum nous bl ocking
group on Els. Figure 3B shows a Western blot of El s pools, obtained by
different procedures as described in Exanples 5 and 6. WO 01/ 30815

PCT/ EPOOI 10499 JSj Exanples 5 and 8 Illustrate that pure Els is obtained
under non-denaturing conditions by (1) using reversible nodification agents
or (2) running the chromatography under thiol stabilising conditions
(antioxidant, low pH). 5 Exangie 7: Processing of Vero Els and cl eavage
anal ogy with growh factors. such as thioredoxine Vaccinia Infected Vero
cells were lysed as described In Maertens et al. (PCT EP95I03031), 10 but
| odoacet am de (I AA) was added as Irreversible bl ocking agent and aprotinin
was added



after an overnight incubation at 4C. Chromat ography on LCA resin
(Pharmacia), reduction with DIT and gel filtrations were perforned as
descri bed, except that |AA was used as irreversible blocking agent instead
of NEMwosimosiss pool was anal yzed by &ilver staining RCI/BROYIMEIN bl otting.
15 Western bl ot anal ysis of the se@ U | '%ed product showed besi des the
quartet band in the region 27-32 -3 an E1 s band with an M of about
18 kDa. The bands were characterized by NH2 term nal am ho acid )
sequenci ng at¥Aér landliSHBFHrd if @SukE Phede Pbptidd Synthebi*aRE Pless) BReRY, Pdssl he quartet:
YEVR?VSG 20 (ami no- term nus of correctly processed Els). Sequence of El s
degradati on product: ??VALTPTLAA This degradation product results froma
speci fi 6 clhslandafreand Backwithg d. (1898) Bridgerdvatsoulied waters gensing Btressitiycdisulfide

| ocal i zed wesdibmrber el dbe783V8G- Site. The first -and second residue are not
25 identified, because the cysteine and tryptophan am no acids are
destroyed by the Edman sequenci ng nethod. Surprisingly, no other

degr adat i offajgewica3ablinskaMcWolimarn.k.&edi, Rl & Sihetpieingdd. nHumarcensipophil cytdtesicsityand  even
di basic sgqmaﬁ§ fadteR. Muﬁiglenfom'\d‘ stﬁkﬁesits&h'b? sm%w%e‘ns Cangl! ﬂﬁV&ﬂQﬁtﬁQ{i% Q{.j nf o
correspqnds, Wit h majn str ure, | scribed for the
pr oces'sﬂgng ?’e%?"aai"ﬂﬁé@%'%‘ﬁ‘ ’,'“as‘ﬂ%fﬁei{ﬂ"gbSﬂﬁ'f“g?@ﬁéﬁ%ié?gﬁaﬂ T-cl eavage has
resulted in the formati on of ECEF (Bal cewi cz- Sablinska, et al., 1991,

Newman et 3Heekmah{R4) SchERAD|W., 8 Tedde, Gt DABgaAd,R.NEKEHANPS., t Nangavsitigl nes in

the Els CVERC-.si r of [ I on steps,
2 uhi oh oo biaR e g wendh ! Rhetchebith Yainnay puffin IO GiRSBIR arfBE by g © P
cyst ei nes itijoester bonddngreasasdmmunogepicitynlPeplida Rasy 89, 3571384:\89C; VPC2-site of Els
I s detersm ned by nodification of the cysteines in Els or synthetic peptides
in functio f th ! 15, P ) | fl,Call,0n 1S
Iperfgrmelj B’;"“tgr é’tfi’t %em%gj'ymﬁ?h X%Q%t %'h(?aéﬁéﬁ%égﬁvﬁ%%gﬁ?& b?hg”s aérrp: e is
| oaded on KpRogehyiphespiine-idQf91Ghem,56. 28482650 (1B i f | uot r oacetic acid (TFA).

In order to determi ne the nbost reactive cysteine, the excess of |AA reagent
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Val, Leu or Ile, and amino acid X2 denotes amno acid Pro. -5- The HCV

pr otein, 93- anyhé HOV iprotéld lok dnyertnetionallycatjuivalantipakt hﬁfeepﬁccomrr@aadiaﬁm w9 claiml,
In 20 whi %%lngac n%‘é‘%u%nﬁ Aafasmaw @ g&{o%!l%mﬁ' gsfﬂ g P. S -6

An HCV pro e| ) any tunc ohat y equi va there conprising at
| east two Cys- am no aci ds, which have a rever5| bI e redox status, according
t o anyisof -4l ai mae HCV@rdbein, or &ny fuekidralysjnivaledtipait itardof) laboaninggo pinc 95 25 (a)

purifying any, @ﬁopefcﬂit)?, ot8d oifhBY arkihd &did 9 3y duYor 99 Ynd {achf% L gshbigs €of , 1N

which the cys ne res ues are reversi 'Iy protecte y Chem ca and/or
enzynatlcmr?&'dp"'( b) renoval of the reversibly protection state of the
cysteine residues, (c) obtaining an HCV protein, or any functionally

equi val ent-spar trhé hewm.m Ionamﬁdﬂoﬁahﬁequwsﬁt%ﬁ thefeRF; lablidRfinghta vRImA1, iV er si bl e
r edox functional ly equi val ent part

t her eof® aé‘?‘%fﬁ?ﬁ'& pﬁ%ﬁ?%?seﬁé?%%ﬁﬁmﬂfp%h 5‘Etj?)r use as a nedi canent. -8-

Use of the HCV protein, or any functionally equival ent part thereof,
accordi ng 4.0 amy HCV protein, or any functionally equivalent part thereof, comprising at least two

Cys-amino acids, which have a reversible redox status, according to any of claims 1 to 5,
obtainable by the following process:
25 {(a) purifying an HCV protein, or any functionally equivalent part thereof, in which the
cysteine residues are reversibly protected by chemical and/or enzymatic means,
(b) removal of the reversibly protection state of the cysteine residues,
(c) obtaining an HCV protein, or any functionally equivalent part thereof, in which the
cysteine residues have a reversible redox status.
30
-7- The HCV protein, or any functionally equivalent part thereof, according to any of
claims 1 to 6 for use as a medicament.

-8- Use of the HCV protein, or any functionally equivalent part thereof, according to any
35 of claims 1 to 6 for the manufacture of an HCV vaccine composition, in particular a
therapeutic vaccine composition or a prophylactic vaccine composition.

-9- The HCV protein, or any functionally equivalent part thereof, according to any of
claims 1 to 7, for raising antibodies, that specifically recognise said HCV protein, or any
40 functionally equivalent part thereof.




35 of clains 1 to ure of an HCV vaccine conposition, in
particular a thera “"WM!@HHEMEWOQ tion or a prophylactic vaccine
conposition. i. protein, or any functionally equival ent
part thewjy;;omcor ding to any of clains 1 to 7, for raPCI/ERP0AMIP bodi es,
that specifically recognise said HCV prq:,} ein, or any 40 functionally

equi val ent part thereof. E. 6:. 2?E ;t. It 4., 1111211 11J11 11111

A1 T T1I-t0-L mnﬁumv.fosmnﬁmvEﬁﬁ@wms}nmwassaﬂ@mphsusunoassay for
detecting HQY an e HCV
4 ?M)ﬁﬂ mem ey Aihetbhally Qmerﬁ%‘%‘ telaof, ae%yawsy 1Bny) &t

protein, or ‘any unctron ent part according to any of
claims 1 to 7: 5° e % &ubati ng a biol ogical sanple with said HCV protein
under corsdi t(2)ons irchizetingsd bidogidabsampleiwith saawﬂcwmoteanhdénod;dnbﬁsﬁhmlalmelfmaﬂmpl ex;

(3) determ ning e \h tibSdy L%Wmﬁg&{‘Mdy HCV protein conplex is formned.
-11- A bi oassay for ent| ﬁé Q/g;)ou di‘ i{hat nodul ate th OXI do-reduct ase
activity of 810 /deormip ?%dg? dy-5iCY piptal complex j§dormed. sai d

bi oassay conpri si ng: (a) exposi ng cel I S expressi ng HCV prot ei ns or any

functional | y,ngy%@% fg@géné%nﬁ"%"ﬁ g ﬂ;eoo oxrlaﬂ%ta%egauct aseto 7to

at | east one co

t o rm ul at e
act i vi t ylbf HGY MOBRS,3aeprHIEg foany of§ &H%/ s 119 7,f8id &@?@Pﬁ%ﬂsn%nd thereafter 15 (b)
nonitoring dajd pxmng pells bxpressihgiHQé profeins,@x anjduncticniallyteguivalent parithdrgof, 20

according to any of claims 1 to 7 to at least one compound whose ability to modulate
the oxido-reductase activity of said protaeins is sought to be determined;
and thereafter

15 (b monitoring said proteins for changes in oxido-reductase activity.
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