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SUMMARY

The BRI-KHC collaborative project on hepatitis B (HBV) and hepatitis C (HCV)
viruses commenced on August 1, 1996 with the major aims to produce cost effective,
rationally designed drugs, which are effective against all strains of HBV and HCV,
based on three-dimensional structure of virion and regulatory proteins of the
viruses. The reasons for selecting HBV and HCV for this collaborative project were
that HBV and HCV are major human pathogens worldwide, They cause acute and chronic
hepatitis, which frequently develops into severe liver disease leading to cirrhosis
and cancer of the liver. At present there are about 300 million people around the
world chronically infected with HBV and almost the same number with HCV, for whom
virtually no effective therapy exists. An effective subunit vaccine against HBV has
been available during the last .decade, but there have been several reports of the
emergence of break-through strains in parts of Africa and Asia casting doubt on the
future effectiveness of vaccination for total eradication. Moreover, the vaccine.is
of no use to people already infected with the virus, The quasispecies nature of HCV
genome, multiple genotypes of the virus with divergences of 30% or more, and the
presence of more than one genotype in the same patient, all suggest that it would be
very difficult to develop an effective vaccine against HCV. These problems
highlighted the need for development of effective therapeutic agents against these
potentially fatal human viral pathogens, Since the BRI already had the specific
expertise and experience in all disciplines, including molecular biology, protein
chemistry, protein modeling, X-ray crystallography, NMR and synthetic chemistry, to
produce anti-viral compounds, it was thought possible to achieve the‘aims of the

hepatitis project in collaboration with the KHC.

With the above objectives in mind, the BRI and KHC have been working on
several potentially important target proteins of HBV and HCV and the progress made

on these proteins to date is described below:



Hepatitis B Virus

The genome of HBV encodes four major proteins, The envelope consists of three

distinct co-terminal proteins, namely pre-Sl, pre-S2 and S, encoded by a single
gene, The pre-S proteins represent potential attachment sites of HBV to hepatocyte,
and are thus, involved in binding to the HBV reéeptor/s. The core protein is the
principal protein of the viral nucleocapsid. The 3-end of the core open reading
frame encodes an extremely basic segment that confers nucleic acid binding capacity
on the protein. The third protein, polymerase, is active in replication and
packaging of the virus. The fourth protein, the X protein (HBx), is a regulatory
proteiﬁ, which has a number of properties. Although each of these proteins are
potential targets for developing anti-HBV compounds, only the pre-S and HBx were

targeted by the BRI-KHC.

The X protein of HBV: The HBx is a promiscuous transcriptional activator and
up-regulates a wide range of cellular and viral genes. Although the physiological
relevance of HBx in viral replication and life cycle is still not completely
elucidated, it is thought to be an important modulator of viral pregenome and mRNA
transcription. HBx is shown to transactivate via intracellular signalling pathways,
but it is also thought to bind to the basal transcriptional machinary directly. HBx
is suggested to contribute to the pathogenicity of chronic hepatitis B and is a
prime suspect as the causative agent of HBx-linked hepatocellular carcinoma (HCC).
It is thought to initiate the development of HCC through its transactivation
activities which it mediates through its interactions with cellular proteins and its

enzymatic activities,

At the BRI, the HBx gene was PCR-amplified and cloned into several E coli- and
yeast-based expression vectors. The protein was expressed as both an unfused protein

and an N-terminal fusion protein to very high levels. Although the unfused protein



was found to be mostly insoluble,»the fusion protein preparation contained some
soluble protein and was purified to homogeneity without the use of denaturing
solvents, The soluble purified protein thus obtained was not gnough to set up
crystallization trials, However, it was used to determine its enzymatic activities.
The HBx was found to be a ATP-dependent AMP kinase, It also possessed ATP-GDP and
GTP-GDP phosphodiester kinase activity as well as ATPase GTPase activities. A direct
interaction of HBx with Ras was demonstrated using a kinase- labeled HBx. This
reaction was found to be modulated by GDP, GTP and nonhydrolysable GTP analogs
(Reference No. 5). Attempts were made to produce a large amount of soluble protein
for structural studies by introducing a series of mutations in the HBx gene to
replace some of the hydrophobic amino acid residues with hydrophilic ones, However,
the attempts were unsuccessful., HBx is an extremely difficult protein to express in
soluble form and none of the labs working on this protein have succeeded in

obtaining the protein in large quantity for structural studies.

At the Mogam Institute, HBx was expressed in mammalian CHO and insect cells
to obtain soluble protein for structural studies. All the colonies of the
HBx-expressing CHO cells died apparently due to apoptosis, suggestiﬁg ‘that these
cells can-not survive high level of HBx . Initial expression of HBx in insect cells
produced onlyinsoluble protein, However, co-expression of HBx with mammalian
chaperone Bip was found to produce some soluble protein in insect cells, but the
protein could not be purified by ion exchange and immuno-affinity chromatography
suggesting that the protein was not in correctly folded form. In functional studies
performed at the Mogam it was shown that HBx activates Jak-STAT signalling through
specific association with Jakl tyrosine kinase, To determine if the previously
identified functions of HBx are mediated through Jakl, it was found that: (i) HBx
elevates Ap-1, SRE, CRE and NF-kB-dependent transcription through activation of
Jakl, (ii) HBx induces tyrosine phosphorylation of Raf-1 through activation of Jakl,
(iii) HBx stimulates GTP loading onto Ras through activation of Jakl, and (iv) Hbx
stimulates cell proliferation through actvation of Jakl. These results indicated

that HBx-mediated J %1 activation is responsible for the activation of multiple
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.signalling pathway as well cell proliferation by HBx. In addition, a functional
assay system was developed based on the HBx-Jaklinteraction. This assay system could
be potentially useful to test the efficacy of inhibitors of HBV (Reference No.7). To
test whether HBx induces apoptosis in liver cells, stable Chang liver cell lines,
expressing HBx under the control of a tetracycline-inducible promoter, were
established at the Mogam Institute. Induction of HBx in these cells in the presence
of 1% calf serum resulted in typical apoptosis phenomenon such as DNA fragmentation,
nuclear condensation, and fragmentation. Based on these results, it was proposed
that HBx sensitizes liver cells to apoptosis upon HBV infection, contributing to the
development of hepatitis and the subsequent generation of hepatocellular carcinoma

{Reference No. 6).

At the Central Research Institute, Hanmi Pharm., the HBx was expressed in E
coli as a thioredoxin fusion protein and was found to be present in mostly soluble
form. However, the protein could not be purified to homogeneity. The purified
preparations contained other profeins, which could not be separated by various
chromatography techniques used, Attempts were then made to purify the protein under
denaturing condition. Finally a procedure was devised which produces nearly
homogeneous protein which remains in monomeric form even after storage at 40 C.
This preparation was used for crystallization trials at the BRI, but it did not
produce any crystal. Isoelectric focusing of the protein showed that it contains
several isoforms although it gives a single band on SDS-PAGE under reducing and
non-reducing conditions. The isoform heterogeneity of the protein may be the reason
that it is not forming crystals. Attempts are presently being made to crystallize
the protein after reduction and carboxymethylation and to co-crystallize with the

F(ab) fragment of a HBx-specific monoclonal antibody.
The pre-S1 and pre-S2 proteins of HBV: The HBV envelope is made up of three
related proteins called small (containing only S antigen), middle (containing S and

pre-S2 antigens) and large (containing S, pre-S2 and pre-Sl1 antigens) proteins. The
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pre-S domains are implicated in a number of functions. The domains are essential for
viral assembly and infection process. The pre-S protein has important antigenic
sites for both B cells and T cells., The pre-Sl interacts with the core particles and
contains sequences that have been shown to specifically bind to hepatocytes. The
N-terminal region of pre-S2 has been shown to be essential for virion export, These
properties of the Pre-S proteins make them attractive targets to develop anti-HBV
therapeutics. |

At the BRI, the pre-S1-S2 (pre-S) region of the Large surface antigen of Hepatitis B
virus strain aywZ2 was amplified from the full length clone pTKHH2 and cloned into a
number of different E coli expression systems, with varying degrees of success. In
pRSET (T7 promoter) and the related vector pTrcHis (trc promoter), which add an N
terminal 6xHis tag for affinity purification, the expression levels were very low or
the protein was insoluble. When expressed in pCYB (tac promoter) which adds a self
cleaving C terminal intein+chitin binding domain tag, no free pre-S was recovered
from the chitin affinity column following DIT induced on-column cleavage. Subsequent
elution of the tag proved that expression had occurred, leading to the conclusion

that the tag free Pre-S was insoluble,

Very high level soluble expression of pre-S was obtained using the pET32LIC
vector (T7 promoter), which adds an N terminal thioredoxin tag and a 51 residues
linker containing additional sequences for cleavage and detection. The fusion
protein was successfully purified to 95% purity using IMAC (immobilised metal
affinity chromatography) and anion exchange chromatography, and stabilised in 3%
glycerol at 4 mg/ml. Conditions were established to cleave 90% of the fusion protein
with enterokinase after 3 hours at 37C. However, no free pre-S could be recovered
following IMAC to remove the cleaved tag. lon exchange similarly failed to yield
free pre-S. It was concluded that free pre-S is insoluble and precipitates on column
during purification. The situation is complicated by the fact that the cleaved tag
and the free pre-S are nearly identical in size (160 amino acids) and co-migrate on
SDS gels, making analysis of cleavage products difficult, When the pre-S fusion

protein was used for crystallization at 10 mg/ml concentration, it produced only
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microcrystalline aggregates or pseudocrystals under most crystallization conditions,
but appeared to form separate microcrystals under the conditions used to crystallize
free thioredoxin. However, these crystals did not grow any further and therefore,
were unsuitable for structure determination. Further constructs were then made with
shorter linker regions with the view that the removal of this largely redundant
region may improve the ability of the fusion protein to crystallize. A construct
with a 15 residues-linker expressed well but the protein did not crystallize. The

constructs with just 5 residues-linker or no linker did not express the protein,

Another construct was then made of only the pre-Sl1 domain using the pET3ZLIC
vector. The purified fusion protein was cleaved by thrombin and the pre-S1 fragment
isolated. However, this preparation also did not form crystals even at 20 mg/ml
concentration. The tag-free pre-Sl showed very little structure as judged by its CD
spectrum or one-dimensional NMR, This result is interesting since it was shown
recently that the pre-Sl protein of duck hepatitis B virus, which binds to the C
domain of its cellular receptor carboxypeptidase D with extraordinary affinity, does
not show a defined tertiary structure when subjected to CD spectra and two

dimensional NMR analyses (Reference No. 17).

The F(ab) fragment of a highly specific monoclonal antibody to pre-Sl protein
was produced and molar ratio réquired for the formation of protein:antibody complex
was determined. The complex was isolated by gel filtration chromatography and used
for crystallization. However, also this complex did not form any crystal presumably

due to low concentration of the preparation.

The HBV DNA polymerase protein: The HBV synthesizes its DNA genome by
reverse transcription of its pregenomic RNA. The HBV polymerase harbors both
RNA-dependent and DNA-dependent polymerase activities. Therefore, the HBV polymerase
is an attractive target for developing anti-HBV drugs. The polymerase contains four
domains, namely terminal protein (TP), spacer (SP), reversetranscriptase (RT) and

RNase H (RH).
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The Yonsei University has been involved in the expression of the full-length
and different domains of the HBV polymerase (Pol) for structural studies and to
develop a polymerase assay to screen HBV inhibitors. All attempts to express the
full-length protein or various combinations of the subdomains including TP-RT, RT
only and RT-RH in E coli using different E coli-based fusion (MBP, TRX and GST)
expression vectors resulted in insoluble proteins, Also, expression of the TP, RT
and RH domains using the yeast secretary vector, plIL20GC, was unsuccessful, The
full-length Pol and its various sub-domains were then expressed in insect cells
using baculovirus vector. In small-scale suspension culture of Sf9 cells (0.5 L), an
expression level of 250-500 1/L culture of soluble protein was obtained with the RT
domain, Attempts will be made in the near future to obtain milligram quantity of the
RT protein from large-scale suspension culture of insect cells for structural

characterization.

In order to develop a polymerase assay for HBV, core particles with encapsidated
polymerase were made via co-expression of HBV core and the full-length polymerase,
Such core particles were found to be: (i) biochemically active as evidenced by
endogenous polymerase assay, (ii) the negative strand RNA synthesis by Pol wés
initiated by protein priming, and (iii) the negative strand DNA synthesis was
templated by epsilon element located at the 3-end of template RNA, Thus, it has been
possible to produce HBV Pol that is biochemically similar to the native Pol found in
infected liver cells in many aspects. These novel replication competent - core

particles would facilitate the screening of new anti-HBV drugs (Reference No. 3).

Hepatitis C virus

The single strand, positive-sense HCV RNA is translated into a large
polyprotein, which is then cleaved by host and viral proteases intc at least ten
polypeptides: C,El1,E2, p7, NS2, NS3, NS4A, NS4B, NS5A and NS5B. The core protein

encapsidates the HCV RNA and El1 and E2 are envelope proteins, which are thought to
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bind to host cell receptor/s before HCV infection takes place. Among the regulatory
proteins, NS2-NS3 is a metalloprotease, NS3 a serine protease, a transcriptase and
a helicase, NS4A a cofactor for the serine protease and NS5B an RNA-dependent RNA
polymease. The function of p7 is unknown while NS4B and NS5A are thought to be a
part of the replication complex. The NS5A may also play a role in evasion of the
intefferon-mediated antiviral response. The HCV proteins targeted by the BRI-KHC are
the core protein, the E2 protein, the metalloprotease, the NS4B protein and the
polymerase.

The HCV Core protein: Apart from its structural role in encapsidating HCV
genomic RNA, the core protein has been shown to modulate gene transcription, host
cell growth and proliferation and has been implicated in pathogenesis of
hepatocellular carcinoma, Since the current knowledge of HCV virion morphology and
assembly is limited, the multifunctional nature of the HCV core protein makes it an
attractive target for structural studies At the BRI, a total of 20 constructs
incorporating the core sequence alone, both as full-length protein (amino acids
1-191) and in the less hydrophobic, truncated form (amino acids 1-173), and core
together with El and E2 of HCV strains 3a and 1b have been cloned into baculovirus
and Pichia pastoris expression vectors. The objective of this cloning strategy is to
identify constructs that will produce core - and potentially other HCV structural
proteins in a form that can be readily purified for structural elucidation. High
level expression of correctly processed core protein has been achieved in the
baculovirus expression system. The subcellular localization of core has been
determined by immunofluorescence and a number of purification strategies are being
attempted to isolate this protein. Transmission electron microscopy studies are in
progress in an attempt to detect in vivo assembly of HCV virus-like particles. If
successful in obtaining core particles or virus-like particles from some of these
constructs, attempts will be made to determine their structure by electron
cryomicroscopy. Core particles and core protein will also be subjected to
crystallization. The structure of the relatively small core protein can also be

determined by NMR if soluble protein is obtained,
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The E2 protein of HCV: HCV E2 appears to be a multifunctional protein. Apart
from its structural role as a major envelope protein of the virus, it binds to
target cells and the putative cellular HCV receptor, CD81. HCV E2 is largely
responsible for evasion of the host immune system, may play a role in evasion of the
interferon-mediated anti-viral response and possibly oncogenesis, and may be
responsible for initiating auto-immune liver damage. Besides being a key antigen for
developing an effective HCV wvaccine, the above attributes of E2 make it an

attractive target to develop anti-HCV drugs.

At the BRI, the ectodomain of HCV E2 from a type 3a strain, spanning amino
acid residues 384 to 712 resulting in truncation of 34 residues at the C-terminus,
was cloned into the mammalian vector pEEl14, The construct also contained an
N-terminal secretion signal and a C-terminal c-myc affinity tag. The recombinant
pEE14/E2 was transfected into the wild type mammalian cell line CHO-KI1 and its two
glycosylation-deficient mutants, Lec3.2.8.1 (Lec3) and Lec8. Cell lines from stably
expressing the protein from the three cell lines were generated and cloned. Clones
expressing the protein at high le\)el were selected by dot-blot analysis of cell
culture supernatant and Western blotting following immunoprecipitétion of the
secreted rproteins using protein A and an anti-c-myc monoclonal antibody. Clones
expressing E2 at high levels were used to produce cell culture supernatant using
large T-flasks., The E2 from the culture medium was purified by c-myc
antibody-affinity chromatography with elution using a c-myc peptide. The protein was
further purified by gel filtration chromatography on a Superdex S200 column. The
glycoprotein eluted mainly as a single peak with a shoulder or sometimes a small
peak preceding the main peak. The same elution profile was observed for the E2
proteins obtained from all the three cell lines except that the position of the
peaks differed slightly with the CHO-K1/E2 eluting earlier, followed by the Lec/E2
and Lec3/E2, presumably due to their differing molecular weights. Analysis of
fractions by SDS-PAGE under reducing and non-reducing conditions showed that the
fractions preceding the small peak or shoulder contained E2 oligomers and trimers,

those in the small peak and shoulder contained E2 dimers and those from the main
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peak contained only monomeric E2. As most of the secreted E2 glycoprotein was
present in the main peak, the majority of the expressed proteins from the three cell
lines were in monomeric form, SDS-PAGE of the gel filtration-purified E2 proteins
showed a molecular weight of approximately 52 kDa for Lec3/E2, 52-65 kDa for
Lec8/E2 and 62-84 kDa for CHO-K1/EZ,

When the E2 proteins expressed from the three cell lines were used in cell
binding studies, the Lec8/E2 and Lec3/E2 were found to have high binding affinities
to human T-cells, ‘Jurkat while the CHO-K1/E2 showed very weak, but . detectable,
binding. The Lec8/E2 and Lec3/E2, but not CHO-K1/E2, bound to a protein of 25 kDa
(presumably CD81) from the plasma membrane of T-cells, Jurkat and CEM. In addition,
the Lec8/E2 and Lec3/E2 strongly bound to the second extracellular domain of a
recombinant CD81 produced as a GST fusion produced at the BRI while the CHO-K1/E2
did not show any binding. The CD81 was reportéd recently to be a receptor of HCV,
These observations suggested that the Lec8/E2 and Lec3/E2 are properly folded and
contain the type of glycosylation (the Lec3/E2, in particular, with its high mannose

content), which may closely mimic that of the native protein (Reference Nos. 4, 13).

To obtain large quantity of E2 proteins, the cells were grown in large
fermenters and the protein purified to homogeneity from culture supernatant (more
than 200 L from each of the three cell lines). Highly concentrated monomeric
preparations of E2 proteins from the three cell lines were subjected to
crystallization. Although small needle crystals were obtained from the CHO-K1/E2,
which did not grow any further, the Lec3/E2 and Lec8/EZ did not form any crystal
even up to concentrations of 33 mg/ml. It was surprising since the Lec3/E2 and

Lec8/E2 have much less carbohydrate contents than the CHO-K1/E2.

Iscelectric focusing of E2 from the three cell lines showed that the proteins
contain a large number of isoforms. The isoform heterogeneity of the Lec3/E2 was
found to be not due to disulfide scrambling, deamidation or cyclization of amino

acid residues or carbohydrate charge differences. Efforts were then made to isolate
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the main isoform from the Lec3/E2Z which has a pl value that is close to the
calculated pl of the protein. A procedure was developed to isolate this isoform
using Baby Flow (Gradipore), ion exchange and gel-filtration chromatography. The
isoform was purified to near homogeneity, concentrated to 17 mg/ml and used for

crystallization. However, this preparation also did not produce crystal.

It was observed recently that the Lec8/E2, when produced in‘roller bottles
using GMEM medium, instead of spinner flasks and large fermenter, shows
predominantly a single sharp band when subjected to isoelectric focusing although
the pl value of this band is lower that the calculated pl of the protein.
Nonetheless, the protein was produced from a large-scale culture in roller bottles
using GMEM medium, purified and concentrated to 25 mg/ml and used for

crystallization, This preparation also did not form any crystal.

Since the E2 protein has the potential to be highly gycosylated (10 consensus
sites for N-linked glycosylation) and highly disulphide-bonded (18 cysteines), such
post-translation modifications would be expected to be important to the structure of
this protein and its suspected functions in the life cycle of HCV. To this end,
Electrospray lonization (ESI) and Matrix Assisted Laser Desorption/lonization
(MALDI) mass spectrometry have been used to confirm that all 10 putative N-linked
glycosylation sites of the‘ recombinant E2 are occupied by glycans. The
CHO-K1-expressed E2 was found to contain mostly sialylated complex glycans, but also
at least 2 high mannose glycans which may represent buried regions of the protein
which are inaccessible to golgi glycosylation enzymes. In contrast the E2 expressed
from Lec3 cells contained exclusively high mannose glycans which may more closely
mimic the expected high mannose conformation of the native viral E2 (Reference Nos.
14, 21, 22). Analysis of the E2 peptides using ESI and MALDI has allowed the
determination of a number of disulphide bonds, which have been confirmed by Edman
sequencing. Assignment of the remaining disulphides will facilitate structural

modeling and determine if the protein has a single disulphide linkage arrangement.
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The putative HCV receptor, CD81: It was shown recently that the E2 protein of HCV
binds to the cell surface molecule CD81. The CD81 is expressed on various cell types
including hepatocytes, T cells and B cells. The protein is composed of four
transmembrane domains and two extracellular domains and belongs to thetetraspanin
family of proteins. The binding of E2 was mapped to the second extracellular domain

(EC 11) of CD8I1.

At the BRI, the EC 1l domain of CD81, spanning amino acid residues 113 to 201, was
PCR-amplified from a human liver cDNA., The gene was engineered to contain a cysteine
residue at the N- and C-termini, so that it forms a loop. The PCR product was cloned
into pGEX-2T as avGST fusion protein and pTrcHisB as an N-terminal His-tagged
protein, The proteins were expressed in E coli and the products analyzed by reducing
and non-reducing SDS-PAGE and Western blotting. The GST-CD81.ECII and His-CD81.ECII,
both were found to exist in monomeric and oligomeric forms, Immuno-blot analysis
demonstrated that HCV E2, with a truncation of 34 C-terminal residues and expressed
in glycosylation-deficient mammalian CHO cell lines, Lec3 and Lec8, bind strongly to
the unreduced GST-CD81.Ell and His-CD81.EIl, but only weakly with the reduced forms
of these proteins. In contrast, the same size E2, expressed in the wild.type CHO
cell line, CHO-K1, did not show any binding to the CD81 proteins (Reference No. 4
and 13). ‘

In order to obtain the EC II of CD81 which produces only monomeric form under
non-reducing conditions, a construct of the gene, spanning amino acid residues 116
to 201 with no extra cysteine at the N- and C-termini, were made in an in-house
temperature-inducible E coli-based expression vector, pPOW. The vector contains the
pelB secretion signal, which directs the synthesized protein through the cytoplasmic
membrane. An octapeptide FLAG-tag was fused to the C-terminus of the CD81 Protein to
aid in purification. Initial experiments with the expression of this construct
showed that the protein is being expressed at a very high level and is present in
monomeric form under non-reducing conditions. Efforts are presently being made to

obtain this protein in large quantity for its structure determination by NMR or
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X-ray crystallography and for its co-crystallization with the E2 protein of HCV,

In the meantime a three-dimensional model of the extracellular I1 loop of CD81 has
been constructed since information on the structural characteristics of this region
would be useful towards understanding the functional properties of E2 and possibly
for the design of inhibitors of E2. As there are no known structural homologues, the
method of threading using pair potentials was used to identify the probable
3-dimensional fold of this loop as having a helical bundle topology. This was
confirmed by performing secondary structure and solvent accessibility prediction by
several methods and sequence motif searches. The constructed three-dimensional model
of the second extra-cellular loop of human CD81 was analyzed in terms of its surface
properties such as electrostatic potential, mutational variability, and hydrophobic

patches.

The NS2/3 metalloprotease of HCV: The metalloprotease of HCV, which includes the NS2
protein and the serine protease domain of NS3 protein, is responsible for cleavage
of the HCV polyprotein at the NS2/3 junction. Thus, the metalloprotease, like other
HCV proteases, namely the serine protease, helicase and polymerase, is é major

target for HCV therapy.

At the Seoul National University, the NS2/3 metalloprotease, with a mutation at the
NS2/3 junction, was expressed using several E coli-based expression vectors,
including pLysN, pTrxFus, pET Desb and pET-Trx. Majority of the protein expressed
from these expression systems was found to be in insoluble fraction with only a very
small proportion of the protein found to be soluble. Further studies are in progress

to obtain the soluble protein in milligram quantity for crystallization trials.

At the Central Research Institute, Hanmi Pharm., a region required for the
efficient cleavage of NS2/3 junction by the metalloprotease, comprising C-terminal
167 amino acid residues of NS2 and 214 N-terminal residues of NS3 proteins and

containing amino acid substitution of the cysteine residue at amino acid position
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117, was cloned into pET-32 vector. Also in this case the majority of the protein
was present in insoluble fraction with only a very small proportion being in soluble
fraction. However, the purified NS2/3 protein spontaneously degraded upon storage.

These results suggest that the protein is not.in proper conformation.

The NS4B protein of HCV: Except that it forms part of the replication complex, the
role played by the NS4B protein in the life cycle of HCV is not clear at present. To
elucidate its function, cellular changes in cells transfected with the coding region
of NS4B were investigated at the Mogam Institute, The expression plasmid,
pcDNANS4B, was constructed by inserting PCR-amplified NS4B of a HCV type lb isolate
into the mammalian expression vector pcDNA3.1. The pcDNANS4Bflag plasmid was made by
fusion of the sequence encoding the FLAG-tag epitope sequence at the C-terminus of
the NS4B protein-coding sequence. The pcDNANS4B plasmid was used to generate stable
NIH3T3 transfectants and the pcDNANS4Bflag plasmid for indirect immunofluorescence
analysis. The NS4B protein was found to be located in the cytoplasm, particularly in
the perinuclear region of the transfected cells, The cells co-expressing HCV NS4B in
cooperation with the Ha-ras gene shéwed loss of contact inhibition, morphological - -
alterations, and anchorage-independent growth. These results demonstrated that HCV
NS4B protein in association with the Ha-ras gene plays an important role in the

malignant transformation of cells by HCV (Reference No. 9).

The HCV polymerase: The NS5B gene of HCV has been shown to possess an
RNA-dependent RNA polymerase activity and is thus, believed to be an essential
component in HCV RNA replication complex, hence a major target to develop anti-HCV

drugs.

The NSS5B gene from the BRIs HCV 3a, with a truncation of 20 amino acid
residues from the C-terminus, was cloned by Hanhyo in their in-house vector pLysN
and was found to express soluble fusion protein in high yield. The clone was sent to
the BRI for large-scale fermentation and purification of the protein. The protein

was purified from several 1 L E coli cultures using Ni-NTA resin, This purification
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gave two bands on SDS-PAGE, one turned out to be of the fusion plus NS5B protein (83
kDa) and the other of the fusion protein itself (30 kDa) as determined by N-terminal
sequencing. This preparation was then subjected to ion exchange chromatography,
which resulted in clean separation of the two bands., The yield of the purified
polymerase fusion protein was about 5 mg per liter culture, The purified protein was
shown to possess RNA-dependent RNA polymerase activity (Reference Nos. 2 and 18).
The protein was concentrated to about 6 mg/ml (the maximum concentration achieved)
and used for crystallization, However, the fusion protein produced only small
crystals, which could not be grown any bigger. Various attempts to increase the
solubility and concentration of the fusion protein using different additives were
unsuccessful, Also, attempts to cleanly cleave the fusion protein with enterokinase
and isolate the fusion protein-free NS5B did not succeed. Four new constructs of
NS5B gene were made by deleting the highly disordered N-terminal region of the LysN
region and the enterokinase cleavage site to decrease the conformational flexibility
of the fusion protein. The protein was expressed from each construct, purified,
concentrated and used for crystallization. However, none of the proteins yielded

crystals,

Tﬁe NSS5B gene with truncation of the 20 C-terminal residues was then cloned
into the baculovirus expression vector pFastBacHTb at the BRI, which incorporated an
N-terminal hexaHis tag. The protein was expressed in Highb and Sf9 insect cells at
very high levels with 50% of the protein being in soluble fraction. Immunoblot
analysis showed a major protein species of about 67 kDa, which is equivalent to the
predicted molecular weight of NS5B, along with a smaller protein of 65 kDa detected
using patient sera. Attempts at separating these bands by various chromatographic
methods and purification of the protein in the presence of different protease
inhibitors like E64, chymostatin and protease inhibitor cocktail exclusive for
baculovirus expressed proteins were unsuccessful. Mass spectroscopy analysis of the
twvo bands confirmed that they contain NS5B sequence, except that the first 60
residues at the N-terminus were not detected. The precise relationship between these

proteins is not clear., A preparation containing this doublet was concentrated to 1
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mg/ml and used for crystallization, but it did not form any crystal. Attempts to

increase the solubility of the protein were unsuccessful.

At the Mogam Institute, the full-length NS5B gene from a type 1lb isolate was
expressed in insect cells using a baculovirus vector. However, the expressed protein
was found to be insoluble. To enhance the level of expression and solubility, a new
construct was made which had a deletion of 20 C-terminal résidues. The protein was
expressed in insect cells and purified by ion exchange and molecular sieve
chromatography, Although the purified protein showed a single major band at 67 kDa
in the SDS-PAGE, it showed some heterogeneity. Attempts to further purify the
protein were unsuccessful. Polyuridylylation assay of the purified NS5B showed that
it has an UMP incorporation activity though it is very weak. Since this protein had
a weak nucleotide incorporation activity, the nucleotide sequence of the four
domains which are considered to play role in activity were analyzed. The results
suggested that the type 1b HCV polymerase used by the Mogam Institute is naturally
producing a very weak enzyme. Nonetheless, this preparation was used for
crystallization at a concentration of about 2 mg/ml which produced only

microcrystals,

At the Mogam Institute, the biochemical and enzymic characteristics of the HCV
polymerase from type 3a isoléte (pLysN-NS5B) produced by the BRI in E coli was
further assessed. The polymease was found to have the optimum reaction condition at
5 oM mg2+, pH 8.0 and 300 C. The enzyme showed nucleotide incorporation profile
which is time and dose dependent with a Km value of 4,5 M. Using the pLysN-NS5B an
assay system has been developed at the Mogam Institute to screen putative inhibitors
of HCV polymerase. Although the pLysN-NS5B polymerase from HCV type 3a is very
active, the NS5B gene from several Korean HCV patient sera were cloned recently to a
find highly active HCV polymerase. Each clone was found to produce active enzyme.
At present the Mogam Institute has polymerase assay systems for type 1b and 3a of

HCV which would be useful to screen ant-HCV compounds (Reference Nos, 2 and 18).
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Since the X-ray structure of the HCV type 1b polymerase was reported recently
by three different labs, no further attempts will be made by the BRI and KHC to

crystallize this protein.

Construction of a full-length c¢DNA clone of HCV type 3a: Since the
replication of HCV is not efficient in cultured cells, it has been difficult to
develop an assay system to screen candidate therapeutic drugs agaAinst the virus,
Recently several groups have reported the construction of full-length clones of
HCV-1a and HCV-1b. In order to develop our own drug assay system, it was decided
that the Mogam Institute will make a full-length clone HCV-3a by joining the cDNA
clones of this isolate representing each of the coding and 5 untranslated (UTR)
regions generated by the BRI. Subsequently, through seven steps of overlap-extension
PCR method, the pBR5U.NS5B plasmid, containing the cDNA of HCV 3a genome from the 5
UTR region to the NS5B gene was obtained. The 3 UIR region was synthesized using
several oligomers based on the nucleotide sequence of type lb and linked to the
plasmid pBRSU, NS5B. The full-length cDNA was used in in vitro
transcription-translation study to assess its replication properties, Negative
strand specific RT-PCR showed that there was some negative strandl RNA produced
through replication, However, RNase protection assay for the negative strand RNA was
unsuccessful despite many attempts. There are two possible explanations for these
results, Firstly, there is very small amount of negative strand RNA produced due to
lack of selection force for the transfected cells compared to normal host cells.
Secondly the cDNA may code for defective viral enzymes such as protease, helicase or
polymerase. To test these possibilities, three types of bicistronic, subgenomic
replicons were constructed which have Neo and/ GFP selection markers under HCV IRES
and HCV nonstructural protein coding regions under EMCV IRES, In vitro translation
and immuno-precipitation studies showed cleaved proteins produced through
post-translational processing. Furthermore, processing of three pieces of cDNA,
using in vitro translation system, were examined and were found to produce
nonstructural proteins. Thus, the full-length cDNA clone of HCV 3a appears to be

properly synthesized. If further tests confirm that the full-length clone and the
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replicons are replication competent, these clones will be used to screen anti-HCV

compounds,

Conclusion and future directions: The HBx purified by the Central Research
Institute, Hanmi Pharm. is the most soluble protein available to date for structural
characterization, Further refinement in purification of this protein may lead to its
crystallization, Similarly, we are able to produce large quantity of soluble pre-Sl
protein of HBV. This protein will be used in the near future for interaction studies
with the plasma membrane proteins of liver cells in order to find the HBV receptor.
The RT domain of the HBV DNA polymerase has been expressed in soluble form by the
group at the Yonsei University. This protein can be produced in milligram quantity
for crystallization. The E2 protein of HCV, produced by the BRI in mammalian cells,
appears to be the best so far in terms of its conformation and function. Up to 250
mg of this protein can be produced in one fermentation using the large fermenters
employed by the BRI. It is planned to co-crystallize E2 from either Lec3 or Lec8
with the extracellular domain of a tag-free CD81, which has been obiained recently.
Also, monoclonal antibodies to the E2 protein are currently being made and will be
used for co-crystallization of the protein. In addition, a new coﬁstruct of E2
lacking 85 amino acid residues from the C-terminus is presently being made as it has
been shown by a number of labs recently that only such a truncated protein is
properly folded based on its reactivity with conformation-sensitive monoclonal
antibodies, This construct will be expressed in CHO-K1, Lec3 and Lec8 cells for
their crystallization, Likewise, some of the 20 coﬁstructs of the HCV core gene
being invesitgated by the BRI may also lead toprotein preparations which may be
amenable to structure determination by X-ray crystallography, NMR or electron
cryomicroscopy. Although we are not pursuing crystallography of the NS5B protein of
HCV, the Mogam Institute has developed polymerase assays for HCV type 1b as well as
3a, which would prove useful to screen anti-HCV drugs. In addition, the Mogam
Institute has already made a full-length cDNA clone and replicons of HCV type 3a,
which may prove potentially useful for screening anti-HCV drugs if it is confirmed

that they are replication competent.
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The Hepatitis project of the BRI-KHC is four years old, and a lot has been
learnt and achieved on different proteins of HBV and HCV during this period,
Rational drug design against viruses is a long-term project and requires concerted

efforts in all the disciplines to reach the goal,
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envelope proteinZ} human cellz}®] binding& A 34 U= HE8 envelope proteino]
zdozry A%AUre we 029l
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A HEEHEY F8Y ¥ ks 5o dFERI Bo] TEI UEHI Qo HF
native¥t HelE2] E2 proteing WHIlgE AF7t A&Eo Utk wpeta]  FH
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dE& S8 Y2EHRE o3 MESFE o] &3l Bx[PHo] Sy Flojet YWoIx|&= HCVY
74g 9 FAlo] WE F| 3 (Shimizu et al., 1993) E3F cDNAZRE in vitrooA A

® HCV RNAS] ZtgAdo] B E g o1l (Yoo et al., 1995: Mizuno et al., 1995) fojz|:=
vlolgj&e] 77t F3] HWrin 23 Hcrh, 2 ChimpanzeediA hepatitisE do7]:=
infectious cDNAZ} X ZZ Rice ATHo| &3] wEoA 2 AFA3}rt 19979 Scienceo)]
WREEGI, 3 F {FAR B30t 2 - 37 Qdojgor) Aol 7§ cDNA replicon
Bartenschlagerd 7+&lofl 2]3] 19994 Scienceo] B ¥ Zlo] O E}%O]tﬁ- o] E3} virion
& @71 ¢8l o] &HI|ol= &M W2 Fdo] o|FolXof ¥R g FIiHcLL ule}
A g8z lE4FolMY HAe =2 Heve] thoddt Mefe] cDNAE template 23} active
¥ FUAA(NS5B protein)& HIPste] A3 g R F /MR I AA
olF A3st= EHE B E H&/o] Ll etk replicong ©]&3t in vivo test
2 #5S AS5E= ol E Fojx|ut gtoz MEFoe] HV Mol &AL R, E A
B4 A BolxA HE o] AEFE Fulolgia AT mj JLR3A HFHEH Zolrh

(i) BHCV _target

CH ZtgulolelLes ofF AMEuigoe] HEFHOET FHZA| ¢Jorng Fulolgjid o=
olgj-Zo] Yoy}, i3] UPAAE o|-&35}o HiOIEié_&l FA Y dFE JE¥HLeE
BY F ULEZ olEE target2E3le] FulolglAdFrt FEHLZ UYPFHIUCE CH

Ztdulole] A= viral polymerase (NS5B)#} F702] protease (NS2B metalloprotease and

NS3 serine protease), 12]3 helicase (NS3) & #AAE 2zt 9lon o|Fo] BF (Y
tdufol 22 FAlo] WaHolglx Wolx| gltl. 53], NS3 serine proteasew= 7MY
Mz A3 EAdo] wd A HAoln (Lin et al., 1994) L ¥ NS5B RNA polymerasef}
NS3 helicase?] A23}3ta o] R aE|of(Behrens et al., 1995) ¥z} C¥ ZtgdulolgiA
of that 3ujo]e 22 target2 2 o] AH Al AF-Foln, ALY x-ray ZEFZ
£ 92% rational drug designg& A3 = Ao A grl. EI, NS2B
metal loprotease® metal®] active siteo]] WR3Iti= A uFo] AAIAESAE= fF 3
el Zlujo]g| Atargeto|etil ¥ 4 2t} (Reed et al., 1995). o] 2lox #Zoll= HCV E2
£ nativedl HelE v}k 48 4 QAR E HCVE putative receptor® WHZ|HA] E2
proteing WalZLe] FH YPdosy £ ohel TPXIITYA blockerZA X BAZ 7y

g 4 othe ol We 77t BFHI Aok
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(iii) HCVA YA

NS3 serine protease?} helicase: #z] C¥ 7tgulo|gjLof th¥t 3tujo]al A2 target
22 o7 AHgHA A dFxFolch o]§%oll= Vertex pharmaceutical, Chiron,
Schering/Plough%-o] glony, whilAlly-ray AAFAFTRE Q&% rational drug design®
AT o= Aeog d=Aglch o] NS5B RNA polymeraseX™ 19994 10€¥-11%oj Z
A Al ABAHM x-rayZ P TRE HFHLE @O rational drug design®] 7|XE u}
#Aslg e Viropharma(Malvern, PA)FollA= RdRpE A3 4 A= HEZAHYES A
Wl gl o X o] Chiroscience Group plc, & ZEHTE A3 ZHeow oA Al
tl. & ud}o]3 A2l envelope proteinz} human cellz}?} bindingS AU AU =9
envelope proteinell th¥t 3}a|7} chimpanzeeol] Exj¥ 79 champanzee?} TELZHE X|
SHcH= B3}, E2¢] N wUxhEele] 9l hyper variable domain(HVR1)e] ¥

i~

neutralization siteghs= B 31, % E2 proteinojti¥}t cellular immune response?} C¥
Aulojgj 2] ZFCTHEL oy T HEFE=Y Fo% UL jtis 5o dFED
o] &3] WURET Qo] E2& X FA /Y targeto 2 3= AFIT FIE 53

alct

A

E

(iv) HBV FA2d AT

Fox Chase Cancer Center?] Blumbergol] 2]3] 1963\ d HBVZ} ghdzig el <l dlojgiA
2 =y o=, A 3047 HBVY] 23 Ee BAEHFHA Fgo] 4T3 Wk 2
gub, BWIE 2d 30o4dzte] Aol EFSI AU ANEA 7L ot il B3
Tl HBVOl ti¥t Fujolgi2AE Jidsted AZ7HA R £ oyt AL Fulojeja
Aol gt HBVEA L] in vivoe} in vitro assay REo] ¢iths Aldojr}. EZL, HBV
£ oA 71A] cell culturediA Falo] E7Hsst E3 FM|ole&= Zdo] 7heY FER
do] 7l Zoll aulol2 LA MY & ohel HBVE] HA7]3 2] molecular mechanisnd €
F3lesdls olal&ol warh T E A 10433 HBVE FAIY R3F, AEHY 5
|
L3l A7t 7Hs3A EH Aot olRlx x7jztdo] 7Hs3t susceptible cell lined ¢d
F Aol ¢len, E3ZF HBVS] DNA polymerase®] reverse transcriptase activify?} 227}
2= in vitro oA A=A EHch

[*]

& Zt= hepadnavirus familyd] &3} animal virus7} S XHAM, o] SERWS
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(v) 3HBV taget

dutzjo 2 713 uiolg2¥RHEo] HId= Pulo| gL target viral polymeraseo]
t}h. HBVS] DNA polymerase= DNA polymerase A ¥ ojuel o AAFE43 (RNA-directed
DNA polymerase)® Zt3 glo =2 uf-9 o3 FQl targeto]elz ¥ 4 alt}t. olgjolx, HBV
2] X 8AA}(transcriptional transactivator)7} HBVE] wetdz} 21d3s] o] Qs 24
27t Edef BIEojglo] X RAAZ} = FHBY targetS T FHE W UTh (Wang et
al., 1994: Kim et al., 1991).

(vi) 3HHBV A MLAT

HBVS] Ztgo] EAl7t ®H=] ¢ FulodE 227X E HIV U Herpes viruso] B]3}e
HBVel thgt 3ujolejazl] sNdto] thyt Fx}7h ol ojer¥ict. HBVS} HIVE 33] SAALE
A5 o] g3le] nlolaj2e] FAAE EAych oY {AME wiFol HIVEFol WS F3
£ FojA ] Alol A HBV A= BHE ZAFAL, HIV AHAE L2HE HE2
HBV M LS FFsiych. F3, FHY 2 2o HIV A3 =2 U= Lanivudine
(3TC)o] 2%+ 3MBY Asx 27}t iz BaE 3w glon, WxR7tR|8] Phase Il trial Z
2= o) sFHo|t} (Schalm et al., 1995).
dutxog, zulojaiax UZAYL thwe AYIRE WAF AAE HAS=
rational drug design approach®} chemical library® H-E screeningdte] lead compound
Z w23} screening approachZ} 21Tl HBVE] DNA polymerasex o}&l AAFZRI} 4y
Z9l=] ¢}o}A] rational approach= ¥z E7le3ict. =, HBVZ} transform® AM|EZF
(e.g., HepG2 2.2.15)& o]-&%} drug screeningo] 73 L, o] assay?] sensitivityel 2

HAo] 247} ol o] BE 2 glrh(Lampertico et al., 1991).

2 3l B¢
7}, 3HHCVA] el

ZUolME o] d-FAlelA NS3 serine proteased C¥ Zt@ulolz|xof iyt 3 uio]
222 targeto® @ Zolth. olE Fole EFRFuiY At (Haho et al.,
1995) LGEIetr]& ol 2ele] olefs+utalSo] it E&E, NS3 helicaseo] #¥t AF7F XHF
of & AE waldTE, Arledy] HEZuAL EFo] 2¥shdat AFAolN S35
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31 ¢lt}l, NS5B RNA dependent RNA polymerase?] 79 & AW S u]F3t 3y FBE
utAtglo] 3] oo HCV E2¢f cidt 3= 3ol JFHgAglel o) st w
< A7t +=¥Eo] $icl

Y, SHBVA ARdF

HBV ZtE-&o] AMA Hd TFolld Zrdulo]gje] tigt 7|2AF= uf-¢ u]esich
ol 2§t n]efyt Fgtoll Fuf AHgHAloA FAE 2R3 ot AFTRY 3= Jlf
of m]X]z] R¥ct VA, HF A rlellA FHBV project& s Ao olEFole
SolAlet, H4lxl, Lo, FoAlgFol gk =R, Aguiyze] x@mutal, FFE
A} (Lee et al., 1993) 2|3 BFFoAT4 ojFufal QMM 7|2 AF 7} L3

UFE 28I

3 ZAMA TR EA S g Hrt |
ol A 7l&3tdRol, HBVSE HCVOchyt dtujolaja] 7id2 Suf & ohvzt AAAL
2% of$ ot & £ ok miebAd utolela AFol Wl AR in vitroR
o] EFstgon, E3 x-ray ZFIRET 5 FTRAEUE IS 23 WA
Alztgict.  whetA o] @l %t rational approachel]l W3]l JlutrlEo] o|=FE HyEojgl
£ BRI 933} Fopd AEANE 71 FUdTAEC] FY3id IAFe=z FAHU= o

T3 247t Jhsstel e wtHch

b AR EARe AERA
(1) 2. U9 71e4$3 vax

g@utol g 2of iyt ¥} ulolgjaA MUATFE A8 2ok AEUHo] FFstok 7t

B¢ Falolth. FAHLE, BAUEY, B, FRYBY, YR, VS B
o7t Wesith o ROFES UAMHLE TudlAE 4AF $2Y ATt AN 9o

W 2 Q7nAe dTUYAES WAL £22) FE $UHIL Uch
b A= Be
02, 9, 4E 5o 4T ML uid Boxe] Aokl A glout, 1 ol

o] FrlelHE AL} of$ u)epsict,

-37 -



(W) s 35
Foll = obF ideisiyde] 427t glen], ol 7tz me-too HFo] AAUe F3F

(3 712 BALE, 7149 AHAE ZAG T Aol ZAH WAEAY

N
N,
1)
2
r [o]
o
N
B
oo
lo,
C
o,
ok
N
ﬂ:t%

S
N
ojf

(4) Faadre FE

BEAgA7 S FUdAE AT £ S2AFAY JHe] #BHI sUch

Azstr)E: el AAIF & Ay Jhe] +¥HI Tt

ZRABYIE: oz B 71 iyt Aol Ay X-ray ] Igie] glon,
2ol Uy AF7F AR At

ezl FuUe AgsidEerE: MY FHE FEolA

28 AP Aso] 2ol Utk

(2
S
=
e
44
b
ojft
2
rir
r)'
2
4
>

A719 o] FUSIAE ojg JHelN FRAoR MAF FE A7 ARHL 9
on dTE Y RS vk U, Adiie] AU 7] Aol FokE whE
Aduje] integrate ¥ 4 9= 7™ ofF ¢tz AlEHcTh ol uvjs} E—’F BRI= 7]
aolgt of @ 2oke] @77t in-houseZA At 10{d 4Z F5H o= AW ZFHol &
onf (of: EZXEAQ RelanzaZid) ol Fol VAXNEAE 24T Alduiel Mdd + 3

Y 7} = potentialo| gl AZgict,

p
il
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N 3 & dydsd Jg 2 3
Al 1 A HCV Replication assay systen7< o L (Z2¢})

1. 7% UE
7} HOV NS5B Thi el wHz} olf
(1) LysN-NS5B ©hfd e by ol AA

plysN-NSSBAE  HMS174(DE3) plysiEell transformationA]Zl ARY FF& single
colonyE§ LB media(containing ampicillin SOug)ml and chloramphenicol 30 zg/ml)of 3
Z ¥ 37°CollA] overnight 5¢F wj¥dled seed cultured FH|SIEcr) o|F T2 X9
LB mediacf 1/100 dilution 3} OD 6006fiA] FH=7t 1.00] & wizpx] 37°CoflA] ujjokgt
¥, IPTGE 1M HESF H7I8ted 42| of wledstodrt.
CellS HAIERIE £3% X 2 volume?] buffer Aoj resuspension A|#H @2 FolA 302
2t sonication 3tHth EES 12,000rpoolA 3020 YA E2Idted @2 S 30%
23 257} EHE&F ammonium sulfated Z}3le] THA] 10,000rpmollA] 2587 A122] 8}
Azolo 2 5tdacrt, o] Ar2dg buffer Ao] tis}ed dialysis 3 TS UNO S6
column(Biorad)-2 =z} Alzch buffer A%} IM NaCl& F¥3 buffer A2}e] gradientd}o
A ehalg Zelstda, 7N & ©d & 50% ¥ HE7 HESF  ammonium
sulfate® 7}stod MAAZC o] BAEE buffer Aol &of Superdex 75(Pharmacia) 3}ol
A AARAA & fractiong 50% X3} H52] ammonium sulfate solution®Z TtEof
AN ZCE o]F buffer Bol Ho] dialysiso 2|3} ammonium sulfated A A3stact.
Buffer A : 50mM sodium phosphate (pH6.8), 100mM NaCl, 0.25M sucrose, 10% glycerol,
10mM DTT, 1mM EDTA, O.1mM sucrose monolaurate, 0.02% NaAzide, Protease inhibitors
Buffer B : 50mM Tris-Cl (pH6.8), 100mM NaCl, 0.25M sucrose, 10% glycerol, 10mM DTT,
1mM EDTA, O.1mM sucrose monolaurate, 0.02% NaAzide, Protease inhibitors

(2) LysN-NS5B ehfdle] 4 B4 £4

LysN-NS5B whufzle] RNA-dependent RNA polymerase (RdRp) activity assay& €18},
poly(A) (Pharmacia)@ template®, oligo(dT)iz1s (Pharmacia)E primer® 3l=
polyuridylylation activity assay system®& AME-3lETh H4 Y &3 8¢ & 4t
£ =74 tigzt Ysith 50mM Hepes (pH 8.0), 25aM KC1, S5mM MgCl2, 1mM DTT, lmM
EDTA, 10uM UTP, 2.0uCi [e-®P] UTP, 50ng/ul actinomycin D (Sigma), 20uzg/ul
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rifamycin (Sigma), 10U RNasin (Gibco-BRL), 0.2ug purified LysN-fused NS5B, 100 u
g/ml poly(A), 10ug/ml oligo(dT)iz1s & RAAE 7} 20412 ¥E288 30°CoflA] 12087t
BEgA1Zict o] RFg o] EDTAE HF v 10oM7} HESF HIlole e 53 AU F
2ol A AE DESl filter disc (whatman)e] o] 7] FoflA walt} o] discEE 0.5M
NagHPO, &<¥oflA 3H, DWollA] 11H, 100% ethanolofA 1'H Hlo] F7| FollA U F
liquid scintillation analyzer (PACKARD)olM radioactivity& &FA3dltt FH4 i
it 2t 27e] HA Ayl A WL 23 BAshAch |

I3t poly(A)-dependent polyuridylylase E4dol th% negative controlZ A
oligo(dT)iz-185 oligo(dA)iz-1s2 THAZE A}23F ubg & ZAJ3to] AM831om, RdRp ¥
AMof th3l positive control 24| E. coli RNA polymerase®] RdRp B/3-& o|-&3tct.

713 UTPoll th¥t Kazh& F3817) $13 Ao TLF 0.24g2F 5L UTP o] 2
7134l poly(A), oligo(dT)iz1s0ll ThEINE 1 @& FolW Ao 23} HESF 42t 24
g 0.2p4g0% A} A1g3tgch UTP 2t 0.5uMollAq 50 M2 B 9] ol 770 2|2
& o} AHgstaTh ALgE g ZAoAN BHES G WS Al 10-1202 WiellA H]E]
2l 2718 Rgeng zt UTPsEolAMe 27| &5+ 1hE A1 60E20M2] hE A3}

ik,

(3) Actinomyces culture broth& ©]-£3 HCV RdRpel tii3dt inhibitor candidate?]
screening

160 strains®] Actinomyces®] cultureZ%-E| supernatant Y& polyuridylylation
activity assay®] 30zl standard reactiono] #7lste] A& =& ottt 1x}
screeningS =3to] 0.1UclA] 10%0] 312 RdRp activity As|A|7]&= 1270& AEE F, 2x
screeningS E3lo] tir] 8718 Aeistadrt. o] 8714 brothe] thyt buthanol-extract&
o] 25} 32} screening® 4=33}arh Screeningell AMEE AlEe] 942 HY 1p1EFH
fel® culture broth?] & 1UeE FHeldled EASIER, A3 F=x wiFATNA U2
culture media £& methaolTtS assaydll B7}std&ufd] activityd 100%2 3} "*JEH’-‘%QL
Lo g EAStETE Actinomyces culture broth®] butanol extraction T2zt Zo] A3
glodtt. WA Actinomyces culture broth 0.5mle] F volume?] butanol-& #7135t
vortexing ¥ ¥ 8,000gollAl 587 Qagelslel I 45U st o A, 3T
oloj thsted o] JAS 2 o LMWsle YL A4S UES Fo} butanol & W B ¥,
A yolume?] methanolo]] 5o assayol] AR&-3t%ith.



2. 7% 2
7}. HCV NS5B whafz o] s} o] &
(1) HCV NS5B whyzle] RdRp activity

HCV NS5B %I (HCV 3a isolate)o]l th¥t &4 A 24 & sl s848L= U4d X
Ax= HERQ) LysN-NS5B ©hialg o]&3tgith o] whude 95xo|4te] purity® FAIE A
om chg3} 22 assayoll 2|3t} RNA dependent RNA polymerase ¥4& 7HiE& HU¥ +
gt

FA ¥4 ExMofx homopolymeric RNA, poly(A)2} oligodeoxyribonucleotide,
oligo(dT)yz.18E template, primer® ARZ-3tAtTh o] A AL primerEA RNAo] i3t Solid
2 HolA] ¢SS ¥AY $ ddrh thELE o] systemd o83t Hoj UIP
incorporationS LysN-NS5B2] RdRp activityEHE SdEdSS Bstzxt oz 2
24L& z24stgach gdeolE= FAA ff=EAUE 5 3= cellular DNA-dependent RNA
polymerase} DNAZHE]of cthit A3[AEA actinomycin D&, E coliolld & RNA
polymeraseo]] th¥t HsjAZA rifamycing B7}strh

E3 HER primerd oligo(dA)i-1sE ThAl¥ ¥H-&-& Fuldte] HCV NS5B o]2]e] t}E
UTP incorporation A& 7}zl whalzlell 2]3t UTP incorporation 7}s/id& R A3lGth
TABLE 1o E=AIE21Eo] primerE oligo(dA)i-1sE thA¥ ¥h-gollA= background +E2
incorporation gto] ZA&EH ¥HH, oligo(dT)iz-1sE AREX wBHgolA e RdRﬁ Higdof ciit
controlQl E. coli RNA polymerase?] Ao nlx|= cpmnX|7} ASE 2t M, rifamycin
o] 27532 primerE oligo(dT)iz.1s7} AFEH 8FZollA E coli RNA polymerase:= 1 &A]
& A 100% A} = ¥, LysN-fused NSSBE M3 #HBHE Holx] ottt o]E Bdje]
LysN-NS5B2] #4& 23] HCV RdRp #3427 E FHEHASES ¢ + JLrh

(2) HCV NS5B wtwi=zl®] enzymatic characterization

NS5B w2 HCVOA replicationg ©wdhs T T HCOV FAlof 4 FHolth
LysN-fused NS5B Shulofl 4 RdRp 2-8-2] B/do] HIW u} o] & o] &3t HOV A&
Astax} stgct. ol & #ste] WA o] whiAg cfio =R ¥ assay system THE I3t
g ZAES A s

2], polymerase?] Ao H4AQl divalent cationo]] T3 QT EE Yo} Bz}
Mgh 9} Mn"olle] =7t B B nXE F%E RAIACHFigl). SuM MgUA T &
2 g4 Beon, ¥ F$ HF S5 10mMolA Mg¥ o] 62%0] P BETVE B
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o Forh 23 ¥kg == 30°C(Fig2)4rh
T} kinetic constants® A&7 YA FH A3 template-primer ZHe] ratioE
| ZAAsldc). Enzyme titration curve(Fig3A)E& =3t 4% 0.1u4g-0.8ug B
A} product®] Bl F It/ UeldE o 4 2l2th RdRp w+-&3} TS polymerase ¥H-g-¢]
73 %, template-primer, NTP 52] multiple substrate’} Zj¥tct UTPO] thdt k& I35}
7] #1314 template-primer7} Fo]3 Ao E2E = Zlo] Wasich o] X3} =& ¢
7l $3%lod 0.2ugd] 2AH H A Jlojr template-primer titrationS $£¥|IIHECTE
(Fig3B). Product?] -2 100ug/ml ©]At2] template-primerofj A= ¢ o]4}t F7}3}x] Qtak
oo, 400pg/ml  olielME 23y 4 Ak o]y inhibitiond
template-primer®] I Aol2] nonspecific bindingell 23t oz Algsict ¢ A 2
Aste] 100 zg/ml1 2] poly(A)-oligo(dT)z1s, 0.2 ug8] FATo] ¥1-g2] time courseE 3}
Lo AMRE YT Product®] o2 0.5uM2] UTP SR04 T 12082 utg Azte] vlgde
ié Z 713t ReZ UelWdcHFigdl). olol ZA3BIH initial velocity: 607X &
product?] o g ZAAEF At} 0.5-50uMe UTP soxe] 770 z|HoA{&] initial
velocity7} &R E 93 o]& B3l kv 3.4 uME ZAF = AcHFigd).

LysN-fusion Ttz 2] el E coliofA Wy, FAH NS5B ©h¥d 0.2 g2 poly(A)
2} oligo(dT)iz188 AHE-¥t o] assay systemolA] RdRpe] {8 ¥duts 23] A&l
£ glgo] WALl weld o]& candidate antiviral drug& $]% RdRp inhibitor

screeningol] ¥-&3}31x} ¥ic}

(3) Actinomyces culture brothE o]&3%t HCV RdRpell th¥t  inhibitor candidate$]

screening

1x} screeningollA] 0.1UollA] 10%0]3}E RdRp activityE A slisle AL 1602 F F 12
7} dom, 22} screening® F3to] o] FollA HA population?] 5%7} HESF 871X =2
g&=stgct tRToE A3 BAEL A UL 471RI(75-120%F RdRp activityS A 3]4]
Fle AP)E B MdEsigcl. oI EHZE 12712 culture  broth?)
butanol-extract& ©]-23%} 3%} screeningdl M= A3 PArL 1, 2xlo e}l FASHA LE}
wrh o] AE Fdlo] £ HAolM HBYH assay system HCV RdRp A3 thd £

screeninge]l o] &H + ¢SS HesiAch
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Table 1. RdRp activity of LysN-fused NS5Ba

Template-primer poly(A) -dependent polyuridylylation
activity
LysN-fused NS5B (cpm) E.coli RNA
polymeraseb {(cpm)
poly(A)-oligo(dT)12-18, (-) rifamycin 116,485 203,193
poly{A}-oligo(dT)12~-18, (+) rifamycin 111,443 4,500
poly(A)-oligo(dA)12-18, (~) rifamycin 2,140 2,205

a RdRp reactions were performed under the standard condition as described in
Materials and Methods except the conditions specified. Two types of enzyme were
tested for three sets of condition,

b 0.1U of E. coli RNA polymerase was used in RdRp reactions as a positive control for

RdRp activity.
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Fig.1. Effects of divalent cations on RdRp activity. Assays were performed in
duplicate under the standard condition as described in Methods with the varying
concentration of each salts. The enzymatic activity under the standard condition was
set at 100%.
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Fig.2. Effects of incubation temperature on RdRp activity. Assays were performed in

duplicate under the standard condition as described

in Methods with

incubation

temperature of 16,25, 30, 37°C. The enzymatic activity at 30°C was set at 100%,
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Fig.3. Determination of the ratio of template-primer to the enzyme and initial
velocity of RdRp reaction. Assays were performed in duplicate under the standard
condition as described in Methods except the varying parameters. (A) Effect of the
enzyme amount, (B) Titration of template-primer. (C) The time course of RdRp
reaction, The concentration of UTP used was 0.5 uM,
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Fig.4. Determination of the Km for UTP. Initial velocities (v,) of RdRp reaction
were measured in duplicate under the standard condition as described in Materials
and Methods with the UTP concentrations of 0.5, 1.0, 1.25, 2.5, 5, 10 and 50 uM. The
plot of [UTP] vs. v, (A) was converted to the plot (B) by Lineweaver-Burk equation
to estimate the Km.
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Comparison of inhibition Activity
between BuOH-extracted Broths and Crude Broths

140 -
120 *
N =
: % e
100 - Y B
s R N
{ & &
B0 - o Y
F] : N BRI M| B
o - RE o | S
60 - Ny R 2| B
: B2 4 B
H R ¥ 2 s
: AR
40 - A R4 Y >
B R ¥ B 23
: Y ERVERYREN
20 : R R R
R RA YREYEBRY
: ) 3 ] B >
0 - R £2 Rz | B Y R 24
s 2 103 114 130 139 146 149 10 58 a7
iBUOR-extract 600U (%} | 13 " . [ 3s a7 a5 1 [ 59 [1- "I AT B 11 100
L Crude 10U (%) 5 3 [ 10 7 8 9 9 115 78 107 78 8 100

Fig.5. Comparison of inhibitory activity between buthanol-extraced broths and crude
broths. Broths, #10, 56, 87,102 were used as negative controls for inbibitory activity.
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A 2 A HCV in vivo Replication assay system®] J&(&E¢})

1. 7% U&
7l SEAxe|Y

Huh-7 cell line2 kanamycin, penicillin, streptomycin, 10% FBSE 3 }3t DMEM &
+= 50 ng/ml epidermal growth factor, lng/ml glucagon, 10 z£/ml insulin, 6.5 ng/ml
somatostatin, 2 mM glutamin, 3.5 uM hydrocortisone, 0.5 xg/ml lonoleic acid, 5 &g
/ml transferrin, 1X107 M CuSO4 - 5H0, 3X10% M HSeD;, 5X10° M ZnSO, - 7H.0,
penicillin, streptomycin, kanamycing& X¥3H= Ham's F-12 minimal mediumojlr 37T,
5% C0.2] ZZAstelA vigstach

L}. HCV Replicon®] A=
(1) AN Zo| HCV 3a cDNA AHZ

¥ BRIGFASHE A FLLS HV subtype 3a2] 77l cDNA cloneEEHE
full-length cDNAS A|Z3}gith. 707} cDNA clone2 3'UTRE A|#J%t 5°UTR, CORE, El, E2,
P7, NS2, NS3, NS4a, NS4b, NS5a, NS5b& A ZE7lo] overlapEl: E7IMde] ¢lol
expression vector ¥ cloning vectordll cloning® AfejE #HFwgich ZF cDNAES A E
Zto homology”} ¢17] wiEell PCR¥H & AMR3lo] reading frameo] YX|St=HF fusiondtd
=

A 2" full-length cDNA clone?] Zo|7} ¢ 9. 6kbHEE size7t 27] cfEoll ¢BEE
22 5}d low-copy vectorq! pBR322 plasmidE ¥ 3l AM&3tiTh W33 cloning
vector pBRSB:= pBR322 plasmid®] A -lactamase genez} origin of replicatonitg X33}
= 2.1kb&] EcoRl-Ndel fragment®} fusion® cDNAE cloningdli=t] 23} restriction
enzyme siteEE JFAE multiple cloning site(MCS)E FASo{Zch MsE A
oligonucleotide5-& annealingd}il ligationdte] & polylinker& EcoRI-Ndel fragment
2} ligationdle] AH =3t CL

33 AANYH o= HE HCV genome?] 3UTRE cloningdtxl of2] AAYYPE AHE35HA
o Usl: cloned ¥EY 4 7 97l whEol oligomer§ ol&3le] 7|&o] Ed
HCV-1b2] 3UTRS §tAdstedrt.

ot 270bp2] HCV-1b 3UTR YA 18t BF 572 48-mertfi] 70-mer?] oligomer& ¥

A3tact. 42t oligomerE2 sense (& antisense® o}Zo] A E homology sequences
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Fo] annealing® 4 QUEF ARG rt. WA oligomer a®l bE A& annealingdti
extensiondto] oligo DNAE @3 ©] oligo DNA®} oligomer c& template® 3}o PCR3}IAL
t}. Oligo DNAZ] sense strand®] 3' end®} oligomer c® 3’ end= poly-UC stretchoi it
= HEO A2 homology sequence?t <¢l7] uwj&Eo] randowd}A annealing® 3L
extension® = glth o|gA 3l HL2 cloneES E7/INEE 243t < 5578 =] 7074
nucleotide® FAH poly-UC stretchE Zt:= 3’ UTR cloned #QIstgrch.

5 UTRE-E] NS5b7}%|2] cDNA fusion clonez} 3’ UTR clone pBRSB&] MCSMI cloningd}ed
pBRSU@3UTRE L &ith.

5 UTR o= T7 promoter& X¢3ld T7 RNA polymeraseo ¢J3t in vitro
transcriptionol] £}3}e RNA transcript?} ¥4H 4 AEF stgch

(2) Subgenomic replicon®]| &

5 UTREE 3’ UTR7IR|E B5 X33l pBRSUG3UTR plasmid®] core, E1, E2, p7, NS2
Z A A5t Neomycin resistance gene®} encephalomyocarditis virus (EMCV)#] internal
ribosome entry site (IRES)& X|33} pSPneoE A Z3}4itl.

o] subgenomic replicon HCV® 5 UTRo] 2]3to{ Neomycin resistance geneo] HHE|
31 EMCVS] IRESOY 2]3}od HCVE] geneo] WH T} Negative control 2= NS5Be] dRE
A&t pSPneo/NS5B A& A RstLh |

T3}t pSPneo= 2] NS3RE] NS5a7}x] & A A3}e] HCV nonstructural gene2 Ei= NS5b%t
S 33l pSPneo/NSSBE A Z351edSL E3 NS5be] 5° weto] LYsS f-Azte] 5 Wtk odF
2 ZAYA 7 pSPneo/1ysN-NS5BE A Z5}eict.

(3) In vitro transcription

A zH plasnidEZFE RNA transcriptE @7] #138t ©A 3' orto] chdt HPEL
E A 2|5l linearizationd}3l phenol extractiondle] AA3}gTt. o|& electroelution
&}ed RNA transcription template® AM&3}git} Transcription®h-§-2 NTP (2.5 mM) 10 p
1, 10x Buffer 2.5 pl, linearized DNA (2 pg) 10 pl, RNase inhibitor (30-60 U.) 1 ul,
T7 RNA polymerase (5-20 U.) 1 ul, D.W. 0.5 ul § F7I3te] 37CollA 2417 HA5H 3,
RNA%}A o] Ll phenol extraction Fof 3 M sodium acetate 10 nl 2} isopropyl
alcohol 72 p1& A7kste] -70TollA 30 £ 7 ol Farlz} 4T, 12000 rpmol A 15 & 2
QAalEalsle] G2 RNA pellet® 70% ethanol® washingdted welil 50 plo] TES A 713}
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(4) RNA transfection

In vitro transcriptiond}ed < RNA: T34 WHOT Huh-7 cell lineoj
transfectiondtgdt}. AAE%T(2-3x10°)8] MXEE 35 mn dishol] HE3}e] 80% confluentsd}
S5 DMEM (10% FBS+antibiotics) 1.5m1 & 5% CO;, 37Tl ufoF¥ict.

Transfection X &Aof wjx]& OPTI-MEM 2mlE ZA|3}3., RNA-Lipofectamine complex7} &
H]® %9t 5% C0;, 37°CoflA ujerZtr}. RNA-Lipofectin complex= polystyrene tubedi 1ml
2] OPTI-MEM 37} ¥ Lipofectin reagent 10-15 pl, 2.5-5 ug RNAE dof &£u|3ic}. 2z
dish 2] 8lx]& RNA-Lipofectin complex® ZA|5}3L, 5% CO;, 37TColA 4x]ZF wjorgict 4
Al7Zt % serum-free Ham’s F-12 mediunl 3 Z A3} 5% CO;, 37T RUsollA] uiorstad
1=

Electroporation® o 23t RNA transfectiong Bio-Rad Gene pulser& ©]-83lo 0.4 cm
cuvetteo]A] 960 F, 300 V&] XALE 33l ct

t}. In vivo Replication assay
(1)Strand-specific RT-PCR

Huh-7 cell &% E| total RNA £e|= Trizol reagent (GibcoBRL)E& Abg8le] 28t
t}. 35 mm disholA =}gF celo] 1 mle] Trizol reagentE ol 4 3] pipetting¥t ¥ 1.5
nl tube® &713 0.2 nl®] chlorofornd Y3 EEI 5 & FE wxstdch 4T, 12000
rpmell A 15 B 7t fAlEesle B2 45YE AEE 1.5 ol tube® £7|3 0.5 nl
isopropanol & ¥7}8t3 4T, 12000 rpmollA 15 & T WA EEdt] Bl pellet2 70 %
ethanol2 23] AMH3slz A2 AR F nuclease-free D.W.oll HEAFILL
Spectrophotometer& AR&3to] A Fslgict.

cDNASFE & £]3t reverse transcription ¥Hg2 Superscript first-Strand Synthesis
System® AHE5le] $=33tgth. 1-5 g2l RNAo] sense primer 10pmol, 10 mM dNTP mix 1
HE ESIE= 10 2] EYAL 65 Tolld 5 2 2 7Mdstz Aol 1 & % gAstsTh
10X RT buffer 2 £, 25 mM MgCl2 4 2, 0.1 M DIT, ribonuclease inhibitor 1.2,
Superscript 11 RT 128(50u)& HE718la 42ColA 60 ¥ 2t wbgAZiTh 70ColA 15 &
7t A2 7h5tn gool WA F RNase H 148 YL 37CelA 20 € 5 U&AIA RNAS
A A3t
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(-) strand® W3}7] 913 PCR¥Y-SL reverse transcriptionol 23t oA cDNA 54F

template® ARE-3lo] 2 #3lgict

(2) In vitro translation of HCV 3a cDNA
(7}) DNA 2%}

HCV cDNAZHE| polypeptide7} A3 RS LAE A7 $18te] coreF¥ NS5b7t
z}, core2EE| p77tA], NS2ZR-E] NS4b7lx], NS5aZHE| NS5b7HR] 8] partial cDNAE 3

pcDNA 3.1(+) (Invitrogen)E subcloningdtgiTh.

(1}) In vitro translation

In vitro translation& Promega?] TNT Coupled Rabbit Reticulocyte Lysate SystemSr
A}g3to] $#stect, ¥HE-S rabbit reticulocyte lysate 25 42, reaction buffer 2 (£,
T7 RNA polymerase 1 £, amino acid mixture (minus methionine) 1 &, [¥S]-methionine
2 1, Ribonuclease inhibitor 1 x£, DNA template lgS =¥ 3= 508 WHgHox 30T

oA 90 & ¢ WASIGCh

2. A7+¥ 23
7}, A Zo] HCV 3a cDNA ¥ repliconEg] A=

HOV 7t SAAIES PRUES ol §3lel AT AUAA @& 5 URSHE NS5b7}] ]
fusion cDNAS pBR322E w3 sle] TE pBRSBo subcloningrlZith. 3 UTRE ojn 3
HCV 1b2] sequenced 2z 3}y 435t NS5be] ¥ ofl cloningX|# HCV subtype 3aof ©f
3t full-length genomic cDNAE AH|Z3}H (Fig.6) ©ol& 7Mto 2%t tiofdt repliconEol
Az = AcKFig. 7).

HCVe] 3UTRES R 3709 region2® FEE U] NS5hHFS] o 30bpF =2 o] Foid
B3 poly-UC stretch, L2|3l highly conserved 98 nucleotide region® % F-AEo] ol
Tt}

Poly-UC stretchl T genotypellol M X size Ho|7} A Heoz HI=HI o=
20 nucleotide® | 100 nucleotide o]4t2Z tladsirh gLt o] 23t size ¥ o] 7} HCVE)
replications ojmgt @3 umxls = ofz WA gty el £ HBME
Shimotohno groupoll 2]3to] E.31¥ HCV-1be] 3UTR sequenceZollAl < 9578 nucleotide®

Z4% poly-UC stretch® 2= 3UTR sequenced Aeastdct.
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L}, Subgenomic replicon?] Ea] H3 XA}

pSPneo, pSPneo/NS5B 4, pSPneo/NS5B, pSPneo/lysN-NS5BE template® ARE3}e] in
vitro transcriptiono] 2]3}e] A RNA transcriptS& 0Dl A ] FHEE o] L3}y
A 2rst Fof denaturing formaldehyde gelollA] full-length RNA%ZE ZA}stATHFig. 8).
345l RNAE: lipofectin = electroporation®eof 2]5}o] liver cell lineql Huh-7 cell
o] transfectiond}gt}. Transfected cell growth factor® X 2H serum-free Ham’s
F-120]A Achuierstgct. 43 7135 AchuigE transfectantFoll thste] =UH (+)
strand RNAZHE] HCV genomeo] HAshH= zbFol A4 FLAYU () strand7} WAFH
ol=2]& (-) strand-specific RT-PCRY& AH&8lo] ZApstgct

Transfection X7]8] transfectantEo] tH%F (-) strand-specific RT-PCROA+=
transfectionr]o]] E=¢¥H RNA transcript&oll 2|t nonspecific product&e] 1X PCRRE-E-
ol ] BHEe] (-) strand?] YHAFE TEY = ook 2 dAFIE Al
transfectant E2 5 el 13X} PCRUFE-olA] FAE|=] ¢Igt31 2X} nested PCRo\A (-) strand
Z7ka0] o}ty M7 Reg FAELE PCR productEL E& 4 AAdrth lipofecting A}
23} tranfectionA]Z] Huh-7 transfectantEoll thdledE 209 B ulgd A o] ths}
of ZA}S}E T electroporationy & A}2-8}od transfectionA]Zl Huh-7 cellojjtidloi: 18
ol Zob Arjujorst M Xof tidle] RT-PCRE 433t pSPneo, pSPneo/NSSB AZFEHE
lipofectin transfecton 2} electroporationyy ZFojlA (-) strand®] E2S JAY £
olaith. 12U} pSPneo/NS5B, pSPneo/lysN-NSSBEH-ElE 209 Alchuief¥t lipofectin
transfectant®} 189 Atjujekst electroporation transfectant&Z4-El 22} nested PCRoj|
A (-) strand ZZtAlo] 25t 47 o2 FAEE PR productES FFY + Ut
(Fig. 9).

T}, HCV 3a cDNAZH-E] polypeptide ¥/d ZAL

HCV 3a cDNAZSE] 233 Zo]2] polypeptidert FHHEXE A7l #18te] < 3Kb
Hxe] cDNAS pcDNA 3.19f subcloning(Fig. 10)3t3l TNT rabbit reticulocyte lysated&
ApR3}o in vitro translation® Wl JHriERIF2 == 62kDa A x o] lucifease
2 Ae3lE T SAHURT LS templated WA 42 WSt templateE pcDNA 3.1&
g whgelg AFg3lo] translationitbgol FAo] AR PSE Helstglrt. F2FAA

2 WSl peDNA/core@p7LEXElE FiHo| El& protein band& JHY F 93 o4l
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WAl ®3FA bandtte THY 4+ AUAEd processingo] HA WU core-El1-E2-p7
polypeptide”} hydrophobic A& AU oA aggregationElo] SDS-PAGE geloliA] HEs| £
ZIElR] oot Ueht=s Ao g A8¥cTh oo} 2 A2 HCV HA| open reading framed
UHSIEE & pcDNA/core@NSSBOlAM = @AEF Tl  pcDNA/NS2ONS4BERE &=
NS3-NS4a-NS4b fusion polypeptide, NS4a-NS4b fusion peptide, NS3Z ¥+ productE
£ TH3tP=d| viral protease NS22} NS37F H A 3S| WHE I proteolytic activitys -+
Z] 3} polypeptide processingo] X ¥Elo] HMHH Fo =2 AT HCT}, pcDNA/NSSA@PNSSBE
HE]L NS5A%} NS5B2] fusion product® FAE = < 125 kDa 2] bandE HHY £ 9l
gdcHFig. 11). '
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TIpSLTR C £t 2 »?  NS2 NE3 NS4s NS& N3Sa NESs JLTR

1 1 1 it ¥ TT 7 1 T}

Fig 6. Genetic map of full-length HCV 3a cDNA
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pSPneo

* HCV IRES

ACORE 16a. NS3eNS4aeNS4beNS5aeNS5be3' UTR
pSPneo/NS5B
. HCVIREY ACORE 1624 Neol"’ NS5B FUTR
pSPneo/lysN-NS5B
HCV IRES ACORE 16a.4 Neo| EMCVIRES| LysN-NS5B 3UTR

Fig 7. Genetic Map of HCV 3a Subgenomic Replicons
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Fig 8. In vitro transcription of Subgenomic
Replicon
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peDNA/core ¢ p7 pcDNA3.1] T7p | core El E2 p7

pcDNA/NS2 ¢NS4B pcDNA3.1} T7p | NS2 NS3 | NS4A | NS4B

pcDNA/NSSA ¢ NS5SB pcDNA3.1| T7p NSS5A NSSB

Fig 10. Construction of partial cDNA clone for in vitro translation
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e DT E 1184

®; NS3(p70)+NS4a(p8)+NS4b(p27)
@; NS3(p70)

®; NS4a(p8)+NS4b(p27)

@; NS2(p23)

®; NS5a(p58)+NS5b(p68)

Fig 11. In vitro translation of HCV cDNA

lane 1; + control, luciferase 62 kDa M; prestained marker (GibcoBRL)
lane 2; -control, without template  lane 3; - control, pcDNA3.1

lane 4; pcDNA/ core ¢ p7 lane 5; pcDNA/ NS2 ¢ NS4B
lane 6; pcDNA/ NA5a ¢ NS5B lane 7; pcDNA/ core ¢ NS5B
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2] 3 A HCVE recombinant NS5B2} viral RNAL] A3Z 22 (E<9)

1. 8758 J&
7}. Purification of LysN

A ¥l AME-%F NS5B= LysNZ} His-tagell fusion® 4Jefo]m, o]& LysN-NS5Bel31 3t
T}, o] LysN-NS5B2] control proteingl His-tag fused LysNe| A=A A ciSzp Al
37CoA] overnight culture¥t pLysN(pLysS)/BL21(DE3) cell® 1/1002 E3A ODsxo°l
0.4-0.6 Mol Eolzt wi7lx] culturedit}, 200mlof] BEdt= cell culture AIES
4,000rpmefl A 10min S-¢} harvest3d}o] 10ml18] extraction buffer(50 mM sodium phosphate,
300 mM NaCl)o]] 3¥x¢lc}. o]& sonication ¥t ¥, 4T, 12,000rpmolA] 30min
centrifugation3t supernatant& 2ml&] Metal Aff1n1ty Column(TALON)} &ojA] Al29
20min ¥lx|3lct. o] & 10ml8] washing buffer(50mM sodium phosphate, 300mM NaCl, 5mM
imidazole) 2 2-3¥ ¥hEs§A BlojEcrl 223, resinol] ol His-tag fused LysN&
2ml2] elution buffer(50mM sodium phosphate, 300mM NaCl, 150mM imidazole)® 2¥
elution3tt}, elutiondt protein 4TCollA] CE buffer(50mM NasPOs;, 100mM NaCl, S5mM DTT,
1mM EDTA, 10% glycerol, 0.25M sucrose, 0.02% sodium azide)® dialysis3t ¥,
centricon®.2 &3t} protein®] %X+ Braford method® 33} T

L1}, Preparation of nucleic acid
(1) PCR primer design
HCV 3a type2] B3t gene €7] $180A PCR primer& T2t o] USHATEH
5° primers
8760(+) : ATT AAT ACG ACT CAC TAT AGG GGA GGA GGT ACT ATT TC
9080(+) : ATT AAT ACG ACT CAC TAT AGG GTC GCG GGG ACA CTC AGG
9406(+) : ATT AAT ACG ACT CAC TAT AGG GCT GGT AAG ATA ACA CTC CA
3’ primers
9636(-) : ACT TGA TCT GCA GAG AGG CCA GTA TC
9405(-) : TCA CCG AGC TGG CAG GAG AAA GAT G
9079(-) : TAT TGA GCT CTA CTG GAG AGT AAC
5’ primerolE cloning2}d-& AX|A ¢4 PCR product& HIE in vitro

transcription 3}7] $18}ed B% 17 promoter sequenced 4l¢)3t&tTh
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(2) PCR amplification and DNA purification
PCRY] templatel= HCV genomeo] H-E O T cloning® plasmidE ARR3}cTh ZH2
¢] primerZ combinationd}e] LR3It $1x]8] viral gened amplificationd}git}. PCR %H-§
L 95Co|A 1min denaturation, 45ColA 45sec annealing, 18]3L 72TCoA 45sec
extensiond}t}. PCR producti:= agarose gelojlA ¥H<l¥h ¥, gel extraction kit(Qiagen)
& AHE3t] A Ast )
(3)in vitro transcription and RNA labeling 7
AHE PCR product:= T7 promoter& AU a7} wifoll, T7 MEGAscript
kit(Ambion)& ©o]@3le} RNAS TH} expressiond}9irh. probe® AMg3t7l #l¥ RNAY in
vitro transcription Rr-gell= [ @ -®PJUTPL} [a-nP]CI'I’_S- eNTP mixol M 13l ut-& +
gstgict. olE ztzte] RVAE urea-polyacrylamide gelofd ¥ ¥ AAstgch. 34
RNA®] &%= UV-spectrophotometerl} scintillation counter& o]-£3te] FF it

Tl RNA%} protein®] ArE zte
(1) North-western
SDS-PAGEO] 4] proteing ¥2|3t F nitorcellulose membrane® = transfer¥tri. of
membrane® BSAZ blocking3t ¥, probe RNA2} binding buffer(10mM HEPES, pH 7.6, 0.3mM
MgCl,, 40mM KCI, 5% glycerol, lmM DTT)ofjA] 30minZt Al-2ofA é'ﬂ‘*]i’_‘_t}.. o]Z binding
buffer= 2-3¥ washingd! ¥, membrane& wrapC Z #}A X-ray filmof exposure¥tci.
(2) gel mobility shift assay
2 fmol2] probe RNA2} 0.8 pmol?] proteing 20uz1 binding buffero] F7igrh. o]
o, competitor® AME-Y cold RNAY] 2 AA ZFJKAZch ol&, 30ToA 15min ¢
ZA3A17! ¥, acrylamide:bis ='70:1Ql 4% native gelolA] running%tt}. running buffer:
0.25X TBEo|d, dE=] UEE YAA F2 currentd} 2EE AA¥ch 2,
running buffer® uf A]Ztoich A} buffer® 2FFITE

2. A7 23

HCVe] NS5BL: RNA dependent RNA polymerase2Al2] 7]&o] 2 ATH aa= oldd
Aquk, Fate] oo st Aol W o] gojgich AR FHI Eof
recombinantS o]-83t FAuhHo] /UL E sl in vitroolM e FAPEERF T84

Foll 4ddt Aol st

- 63 -



NS5B7F A AZ A2 7]1%5E 317] HsiMde YA L E substrated} ZARIsolyich. A=)
7] NSSB7} specificsAl ZYY LT BIW ligands T 7HI7E gidl, shis 2
2] co&ing regionQl NS5B gene®] 3’ gt ¥9]9}, thE 3t 37 UTRY poly(U)&} X RNA
regiond Zlolegte Aol Fyst Uth
E A¥oHE F region RFF EUSHE HOVY RNAE W2 HelolA BE 471
A Ns5Boll 7ZsiAl AystE K& competition assayd ol&3tel 3gith o|2FE, NSSB
7} Eﬁﬁ}% Bt 2px1e] coding regionoln AR F | ool ExYS Ut &
o2 % HCV AA genomeo] ¢lo]A] NS5BS} interactiondh= #9171 o &alish=x] X243
o2 dPsiol ¥ Waro] slrh oyt AFTHE, HCVY life cycleo] FR{F NS5BY
enzymatic mechanism& WU, E3F 73l ligandd] AL inhibitor?] 7ol Aj=
< Alzto] " £ gl& FHoltl
7}. Protein identification
LysNS AA3t= =38 29| fractionzt AT LysNzt LysN-NS5B proteinoll tidt
LysN antibody®} His antibodyE& ©]&3}o] western analysis& 433tgr} (Fig. 12). °l
=5e AAH proteino] Ztz LysNz} LysN-NS5BY& #ad 4 lgdth LysN& vz
purity7} &3, LysN-NS5B= SDS-PAGEAA TiE contaminant7} 9o} Ex}3steitt (data
not shown). 3}X|gt, o|& cj{-&ol intact%} protein®| cleavage formo]il major product
24 intact proteine] Zxjst7] HEol enzymatic BH ATE ol proteineE Vst

th.

L1}. Ligand RNA2] design
RNA-protein AtZzh8 o] A&E RMA ligande 3A £ 49& 7IELE IUdHA
t} (Fig. 13). 3l coding regione|d}, THE 3hlE uncoding regiono|T}. coding
region?] 2% A2 600nte] size® =Uo], NS5B gene®] 3° of sigHch 3’ URZ & 7]
M@ Are] Zalo] ¢]3}o] variable sequence, poly(U) L3 X RNAS] AREL= uxich

t}. North-western analysis
BA" proteinz}e] specificdt ZAYdE North-western analysis® ¥lslgch
(Fig.14). A% probe RNA(CR+3°UTR)%} LysN-NS5BE  73lAl A ¥3HA|RE,  control
proteingl LysNo|u}t BSAE A3 ZAUsiA] dSS ¢ + olt}. =3, SDSoA] denaturation
¥ LysN-NS5B & A] denaturation E}*| ¢ proteinof w3 Agtedo] dojx|xigt, 42
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B2 ZAjeo] R2|EE O Hol LysN-NS5BY] 323l F2E vz QY sog
3"k

2}, Gel mobility shift assay

probed CR ¥+ CR+3'UTR RNAE A}23}od LysNojul LysN-NS5Bofl cfidle] gel
mobility shift assay® 433l Bolt} (data not shown). o] ZeolA F RNAY
LysN-NS5Boll tht affinity: ¥ xto]§ Eo|x| Urh ol HPF ZAE wWF L= 3t
£, CR RNAS probeE® 3}3 t}okst RNAE LysN-NS5Bo| ¥} competitor®E  2}&3t:=
competition assay® 435}acr} (Fig. 15). o| 2% ¥, NS5BE] Y coding regionql CRo]
3° UTREC} NS5Bofl Z31Al A¥Pe & + Uth ER RS F FEL2E WrojxE o33
LysN-NS5Be)l chyt A4S dolalh &, CRuolA 24 F Fo o]4ate] LysN-NSSB 4

4171 dlezlztn #3E 4 qlrh
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LysN 0
A) = g
] o z
+ g 7 o 3
I -
o OO0 % £ = 8 2 2
N B = 3 8 835 v 5
kDa v X & 2 2 ¢ Z o
97.4 L @5 sE% <4— LysN-NSSB
68 ‘
43
29
e <4— LysN
18.4
14.3 s
PPN e
B) -:LysN g
8 3 Z
= e — 9
£ O £ £ E g o g
S EE 2885 g 8
;1733 a = &2 3F 339238,
43 T
29
T T 4 LyeN
18.4 - — g
o i,
14.3

Fig. 12 Western Analysis. LysNS &Kl & &9 fraction€ SDS-PAGE
MM western2 2 #0151t Panel A)y= LysN antibody £ panel B)=

His antibody & western8t 2 0| Ct. LysN 1} LysN-NS5B2| ?| Xl= 2t
MHZ2Z HASHACH
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NSSB coding region 3’ UTR

(UorUOn>= R+ 3’ UTR

CR

— (UorUCnX= 3 UTR

CR-A

CR-B

9860 9080 9405 9636

Fig. 13 Ligand RNA Design. Binding assaylil At2E RNA ligand
= 3l § B2z ERLIUL. St coding region}t [HE &t
Lt= 3° UTROICH. Coding region RNA= M&lst A2 E 2 X
otJl #lot O M2t TIACH HCV3a typel] genome &9 Y1 XIE
Ot EANGHULCE.
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LysN NSSB dnNSSB BSA

21% 83% 83kD& 98kD§

Fig. 14 North-western analysis. 229} HHI & protein2 SDS-
PAGEN M 22I6tA L. NS5B= LysN fused fromS C|0IS8HH, dn
NS5B&= denaturation= (il SDS-PAGEZ2 5 H 2¢l & HIE LysN-
NS5SBE 2I0ISHCt. At & probe RNAE internal labeling® CR + 3’
UTR RNAOICt.
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complex

free RNA

complex

free RNA

%
3

Fig. 15 Competition assay. ProbeZ internal labeling= CR RNA
£ A G0 competition assay £ OtULCH. 2t20 mol s = Y
ot HSEHOAH ACH 2 competitor®] &2 probelll BIGHH 1X, 5X,
10XE AtE6IRULCE. Free RNAE probe RNAE 2| DI G0, complex =
probe2} LysN-NS5BC| complexE ©| 0| StL}.
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A 4 2 HBV X W HCV NS2/3 whijd 2] e 2 A (3hn]ofE)

1. 4353 U&
7}. Thio-X wtw3le] Refolding

¢ AFAUE JHE/dY  Thio-X Thido] tffez iE oy 03 I3 5T
o] A Thio-xxhiAZ FHA|= o] FAAEo] obF Woltlh. ol FHII] ¢l £
ATHME LERUE vl E84e= UHAL ¥ Z4F refoldingRA S HA5tA
refolding ¥ THZA| Thio-X H]&Z ¢ 50xE & RUL Boplo] ARAXE AEE £4|3]

312} el

L. Refolding ¥t bz e] FA gl ZAP& A=AF
Refolding& A ABE= BF F L4F ol 2¥f4x] I=2ntEctu e} gel
filtrationF A 2B& AA FA3tdch

Tl ZtF U@ A|ARlollA NS2/3ntiA L] F2Y
NS2/3 protease?] &S 9|3 thAHF Thioredoxin §3UH AlARI} ZIAHET UHL

CEEE ELT L

gh. AZH FE2Y UE =4 ¥4 9 A
AEE 8L 4 UiRdE SFAELY TFHE FAABAI L jS2E , IPIGE
%, Induction time5-2] ZXZAE ulFo] UHES FFH3A|ZcH
Ao YHZAL FMY ¥ Ni-NTA affinity columng AR8-3}o] FA|stgich.

2. 437+ 23
7}. Thio-X wte§ 2l 8] Refolding

B2gdog WHAZ ¥ Redolding® $3 A} 29 kDY TUIAE 50% = 1S
23] 2] superdex 75 column& ©|&%t gel filtration FAE HUAY 4 2crl. Refolding
off Ab&% whaAe] % refolding ATE2 o utel k] dide] 2 AolE BYS
ozl 18] 22 refolding A]82] AA| profilesiA] UElL} Qlth

L} Refolding ¥t whde] A= W AP A=AF
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Refolding& A AEE= ultrafiltration® 2 e} 2mg/mle] T2 FH|dtd gel
filtration chromatographys A|¥3laict. 23] 2] gel filtration FAF o 97«8 ¢ &
7¥A & Thio-x TS FAY 4 dddon F 13 nge] THUE 23] A I Fo AF
3f A =] AHESHA 3t

th ZbE Ud Alxwlof M Ns2/3chuA e F2Y

NS2/3 protease?] WH-& 23] tiAF Thioredoxin YU A28z ZLEFAXE s
2 He g Azsigch F2YY i Ns2ol CUTh 501 |18 NS3 A N U 642 &7
& Zgech x 3 17HA AAEHY & dehdoE BV mutant FEE AR
th tiAF U 2 A”ojM s T7 promoter of 23] ZAFA dtion TFIAE U AL
Hojl & plZ/V5 HE]E AM3| ulol& infection off &j%F W¥Ho] ofyet plasnid 4
eje] HEl§ 7Rl stable ¥ TFHEFE A=xstaich

gt AzY SEH 4¥ 23 ¥4 d A

MR 82 27 AT SFAELG THFA R FAHFB|AI| I vig2E , IPIGE
%, Induction timeEe] 2L ulFo] W g AT THAEA NS2/3 A2
WEe Wely 4 ggon ofAF UH 2ABMM 50uMY IPTC wEo XY
induction timeolld o] WS HAUAY 4 AUsrh HH NS2/3 ‘%l"—‘?"é% MR =
&4 4H B¥ e ¥A¥ £ Aot |

Y2 YHZAL ANY ¥ 2 L w22 RH FAE AYstgch 2 liter§ T
3 ZZAA WA dte(cell mass : 2.5 g) soluble condition®] lysis & sonication
buffer(50 mM Sodium phosphate, 300 mM NaCl, 1 mM B -mercaptoethanol, 1 % NP-40, 10
oM  immidazole, 1 mg/ml lysozyme ,pH8.0)ojlA cell& disruptiond}il pelletZ,
Solubilization buffer(8 M Urea/50 mM sodium phosphate/pH8.0) 2.2 solubilizationg &}
ot} ztzhS NI-NTA superflow(HPLC grade)of loadingstz ZZie] Al FAE HAlstdd
t}. Solubled}Al U= pET32/NS243 T native conditionolA] AA7 HE AL g ¥
2 olodom, denaturative condition(insoluble)eilA purificationg8-& ¥¢ slgon,
spin colum®.T} purity7} &oldS ¥l & + gdch SDS-PAGE®} western bloto® #
ol 8 Z=}, affinity purification¥ 50 % o]42og A7 HE A A & £ U%e
U}, protease inhibitorZzi5te]]l degradated product’} V& EA3Hol olom, ol W
kil

Aol 3417 o] A} WHE WY T A9 W0 F& 7 (spontaneous degradation)Z} B
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o] ol &E3ltl. non-reducing environmentol Al NS2/32] monomeric formE ¥HUH 4 o
Ao affinity purified samplex} 37| S-sepharose2} Q-sepharoseol|x] 22| AAHE A

Al stgich
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Refolding condition A Refolding condition B

T
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Fig. 1 Gel filtration profile of refolded Thio-X
7423 274 HEAHA 29 kD ©A vlF 50 ¥ FY=A ¥ (28 D)
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Ni- NTA superflow purification of pET32/NS243 with use of it’s own solubility
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Fig. 9 Gel mobility test of affinity purified pET32-NS2/3
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A 5 A HOV E2 ©hAe] SEAE U¥, T2 BN o YB3
5484 (BRI)

The E2 protein of HCV: HCV E2 appears to be a multifunctional protein. Apart
from its structural role as a major envelope protein of the virus, it binds to
target cells and the putative cellular HCV receptor, CD81. HCV E2 is largely
responsible for evasion of the host immune system, may play a role in evasion of the
interferon-mediated anti-viral response and possibly oncogenesis, and may be
responsible for initiating auto-immune liver damage. Besides being a key antigen for
developing an effective HCV vaccine, the above attributes of E2 make it an

attractive target to develop anti-HCV drugs.

The ectodomain of HCV E2 from a type 3a strain, spanning amino acid residues
384 to 712 resulting in truncation of 34 residues at the C-terminus, was cloned into
the mammalian vector pEE14. The construct also contained an N-terminal secretion
signal and a C-terminal c-myc affinity tag. The recombinant pEE14/E2 was transfected
into the wild type mammalian cell line CHO-Kl1 and its two glycosylation-deficient
mutants, Lec3.2.8.1 (Lec3) and Lec8. Cell lines from stably expressing the protein
from the three cell lines were generated and cloned. Clones expressing the protein
at high level were selected by dot-blot analysis of cell culture supernatant and
Western blotting following immunoprecipitation of the secreted proteins using
protein A and an anti-c-myc monoclonal antibody. Clones expressing EZ2 at high levels
were used to produce cell culture supernatant using large T-flasks, The E2 from the
culture medium was purified by c-myc antibody-affinity chromatography with elution
using a c-myc peptide. The protein was further purified by gel filtration
chromatography on a Superdex S200 column. The glycoprotein eluted mainly as a single
peak with a shoulder or sometimes a small peak preceding the main peak. The same
elution profile was observed for the E2 proteins obtained from all the three cell
lines except that the position of the peaks differed slightly with the CHO-K1/E2
eluting earlier, followed by the Lec/E2 and Lec3/EZ, presumably due to their

differing molecular weights. Analysis of fractions by SDS-PAGE under reducing and
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non-reducing conditions showed that the fractions preceding the small peak or
shoulder contained E2 oligomers and trimers, those in the small peak and shoulder
contained E2 dimers and those from the main peak contained only monomeric E2. As
most of the secreted E2 glycoprotein was present in the main peak, the majority of
the expressed proteins from the three cell lines were in monomeric form. SDS-PAGE of
the gel filtration-purified E2 proteins showed a molecular weight of approximately

52 kDa for Lec3/E2, 52-65 kDa for Lec8/E2 and 62-84 kDa for CHO-K1/E2.

When the E2 proteins expressed from the three cell lines were used in cell
binding studies, the Lec8/E2 and Lec3/E2 were found to have high binding affinities
to human T-cells, Jurkat while the CHO-K1/E2 showed very weak, but detectable,
binding. The Lec8/E2 and Lec3/E2, but not CHO-K1/EZ, bound to a protein of 25 kDa
(presumably CD81) from the plasma membrane of T-cells, Jurkat and CEM. In addition,
the Lec8/E2 and Lec3/E2 strongly bound to the second extracellular domain of a
recombinant CD81 produced as a GST fusion produced at the BRI while the CHO-K1/E2
did not show any binding. The CD81 was reported recently to be a receptor of HCV,
These observations suggested that the Lec8/E2 and Lec3/E2 are properly folded and
contain the type of glycosylation (the Lec3/E2, in particular, with ité high mannose

content), which may closely mimic that of the native protein (Reference Nos. 4, 13).

To obtain large quantity of E2 proteins, the cells were grown in large
fermenters and the protein purified to homogeneity from culture supernatant (more
than 200 L from each of the three cell lines). Highly concentrated monomeric
preparations of E2 proteins from the three cell lines were subjected to
crystallization., Although small needle crystals were obtained from the CHO-K1/E2,
vhich did not grow any further, the Lec3/E2 and Lec8/E2 did not form any crystal
even up to concentrations of 33 mg/ml. It was surprising since the Lec3/E2 land

Lec8/E2 have much less carbohydrate contents than the CHO-K1/E2.

Iscelectric focusing of E2 from the three cell lines showed that the proteins

contain a large number of isoforms. The isoform heterogeneity of the Lec3/E2 was
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found to be not due to disulfide scrambling, deamidation or cyclization of amino
acid residues or carbohydrate charge differences, Efforts were then made to isolate
the main isoform from the Lec3/E2 which has a pl value that is close to the
calculated pl of the protein, A procedure was developed to isolate this isoform
using Baby Flow (Gradipore), ion exchange and gel-filtration chromatography. The
isoform was purified to near homogeneity, concentrated to 17 mg/ml and used for

crystallization. However, this preparation also did not produce crystal.

It was observed recently that the Lec8/E2, when produced in roller bottles
using GMEM medium, instead of spinner flasks and large fermenter, shows
predominantly a single sharp band when subjected to isoelectric focusing although
the pl value of this band is lower that the calculated pI of the protein.
Nonetheless, the protein was produced from a large-scale culture in roller bottles
using GMEM medium, purified and concentrated to 25 mg/ml and used for

crystallization, This preparation also did not form any crystal,

Since the E2 protein has the potential to be highly gycosylated (10 consensus
sites for N-linked glycosylation) and highly disulphide-bonded (18 cyéteines), such
post-translation modifications would be expected to be important to the structure of
this protein and its suspected functions in the life cyﬁle of HCV. To this end,
Electrospray lonization (ESI) and Matrix Assisted Laser Desorption/lonization
(MALDI) mass spectrometry have been used to confirm that all 10 putative N-linked
glycosylation sites of the recombinant E2 are occupied by glycans. The
CHO-K1-expressed E2 was found to contain mostly sialylated complex glycans, but also
at least 2 high mannose glycans whicﬁ may represent buried regions of the protein
which are inaccessible to golgi glycosylation enzymes. In contrast the EZ expressed
from Lec3 cells contained exclusively high mannose glycans which may more closely
mimic the expected high mannose conformation of the native viral E2 (Reference Nos.
14, 21, 22). Analysis of the E2 peptides using ESI and MALDI has allowed the
determination of a number of disulphide bonds, which have been confirmed by Edman

sequencing. Assignment of the remaining disulphides will facilitate structural
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modeling and determine if the protein has a single disulphide linkage arrangement.

The putative HCV receptor, CD81: It was shown recently that the E2 protein of HCV
binds to the cell surface molecule CD81. The CD81 is expressed on various cell types
including hepatocytes, T cells and B cells, The protein is composed of four
transmembrane domains and two extracellular domains and belongs to thetetraspanin

family of proteins. The binding of E2 was mapped to the second extracellular domain

(EC 11) of CD81.

At the BRI, the EC 1I domain of CD81, spanning amino acid residues 113 to 201, was
PCR-amplified from a human liver cDNA. The gene was engineered to contain a cysteine
residue at the N- and C-termini, so that it forms a loop. The PCR product was cloned
into pGEX-2T as a GST fusion protein and pTrcHisB as an N-terminal His-tagged
protein. The proteins were expressed in E coli and the products analyzed by reducing
and non-reducing SDS-PAGE and Western blotting. The GST-CD81.ECI1 and His-CD81.ECII,
both were found to exist in monomeric and oligomeric forms. Immuno-blot analysis
demonstrated that HCV E2, with a truncation of 34 C-terminal residues and expressed
in glycosylation-deficient mammalian CHO cell lines, Lec3 and Lec8, bind strongly to
the unredﬁced GST-CD81.EII and His-CD81.EII, but only weakly with the reduced forms
of these proteins. In contrast, the same size EZ2, expressed in the wild type CHO
cell line, CHO-K1, did not show any binding to the CD81 proteins (Reference No. 4
and 13),

In order to obtain the EC 1I of CD81 which produces only monomeric form under
non-reducing conditions, a construct of the gene, spanning amino acid residues 116
to 201 with no extra cysteine at the N- and C-termini, were made in an in-house
temperature-inducible E coli-based expression vector, pPOW. The vector contains the
pelB secretion signal, which directs the synthesized protein through the cytoplasmic
membrane. An octapeptide FLAG-tag was fused to the C-terminus of the CD81 Protein to
aid in purification. Initial experiments with the expression of this construct

showed that the protein is being expressed at a very high level and is present in
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monomeric form under non-reducing conditions, Efforts are presently being made to
obtain this protein in large quantity for its structure determination by NMR or

X-ray crystallography and for its co-crystallization with the E2 protein of HCV,

In the meantime a three-dimensional model of the extracellular II loop of CD81 has
been constructed since information on the structural characteristics of this region
would be useful towards understanding the functional properties of E2 and possibly
for the design of inhibitors of E2. As there are no known structural homologues, the
method of threading using pair potentials was used to identify the probabie
3-dimensional fold of this loop as having a helical bundle topology. This was
confirmed by performing secondary structure and solvent accessibility prediction by
several methods and sequence motif searches, The constructed three-dimensional model
of the second extra-cellular loop of human CD81 was analyzed in terms of its surface

properties such as electrostatic potential, mutational variability, and hydrophobic

patches.
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The E2 Glycoprotein of Hepatitis C Virus

C-terminally truncated E2 (aa 384-712) secreted from mammalian cell line
CHO-K1 and its two glycosylation mutants Lec8 and Lec3, and purified to
near homogeneity as monomer.

Cell line MW (kDa) Carbohydrate Microcrystals
CHO-K1 64.8 Complex Yes

Lec8 53.1 Reduced complex Yes

Lec3 52.9 High mannose No

Carbohydrate content of Lec3-E2 may mimic that of the protein in native
HCV virion.

Glycosylation pattern of CHO-K1 E2 and Lec3 E2 determined by mass
spectrometry. Disulphide bond determination in progress.
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The E2 Glycoprotein of Hepatitis C Virus

Cell line Binding to patient  Binding to Binding to 25kDa Binding to
sera from all 6 Jurkat human plasma membrane recombinant CD81
HCV genotypes T-cells protein (CD81) from  second extraceflular
Jurkat and CEM domain
CHO-K1 Strong Weak None None
Lec8 Strong Strong Strong Strong
Lec3 Strong Strong Strong Strong

Lec3 and Lec8 E2 may prove useful for:
«Diagnosis.
*Vaccine candidate.

*Developing antiviral compounds against HCV.
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The E2 Glycoprotein of Hepatitis C Virus

Cell line Binding to patient  Binding to Binding to 25kDa Binding to
sera from all 6 Jurkat human  plasma membrane recombinant CD81
HCV genotypes T-cells protein (CD81) from  second extraceliular
Jurkat and CEM domain
CHO-K1 Strong Weak None None
Lec8 Strong Strong Strong Strong
Lec3 Strong Strong Strong Strong

Lec3 and Lec8 E2 may prove useful for:
-Diagnosis.
sVaccine candidate.

*Developing antiviral compounds against HCV.
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The PreS region of Hepatitis B Virus

*Five different constructs made.
*Two expressed well and gave soluble protein.
*Thioredoxin-PreS1S2 formed microcrystals.

-PreS1 complexed with F(ab) and is in crystallisation
trials.
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Relative cell number

Lec3 and Lec8 E2 bind Jurkat Cells

S 11

CHO-K1/E2
U"e T ™Y 'YI‘I‘IIO1 'I1l3 L
a1
Lec3/E2
] 1ot 1P

Mean fluorescence intensity
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Lec3 and Lec8 E2 interact with
25 kDa Membrane Protein

CHO-K1 E2 Lec8 E2 Lec3 E2 a-CD81} NS5B| No E2

pre post pre post pre post post

kDa
175

83.0
62.0
475
azs
250
185

65

YERRIAN
x
l
|
|

JCNJCNJCNJCNJIJCNJIJCNI CNJC NJIJCN

pre - pre-immune serum

post - post-immune serum,

J - human T cell lymphoma Jurkat,

C - human T cell lymphoma CEM,

N - mouse myeloma NS1,

No E2 - without an E2 incubation step.
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E2 Microcrystals
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N 6 & BY 7iH¥ HIO|22 B4Q| in vitro 28 AP
(HAMOeta Mztetat)

FEYH MY B 2ZtHUlole L S49 in vitro 29 A
Al MHE

o A3y EX

E dFolME= 7y BY g ¥ vl A HBV H|7)E
BalgZoA olsfisla, HAl dAELS P43l FFFLE g BY HEY
824 Agel 7leistnxt d7E sty olE @/33517] #]3] HBV DNA
polymerase® TZ M| Xo|A Wil o]F biochemically active¥t HElZ &2
¥, o]& o|&3lo] HBV polymerase?| 27|38 & A7 & ohlz} +2d79
71Rte F&ste 3talch

A2z IU Zeid 8%

FUY A+ 8%

Hepadnavirus -3z} 8x¢] 718& ©3ste AY A= AF7A F2
dlo] g & DNAE 7t A EFo] ol ¥ JA AP dl& DNE B3t
AojzT} HBV DNA polymerase7} pregenomic RNAE templateE 3} ulo]ejL
SAAE Yshe AR BY AT AL IR 80l Sl DNA
polymerase® €& 4 ¢lolA €2 Aol ojrt. ol Seeger'sS rabbit
reticulocyte lysate® ©]&3}o duck hepatitis B virus (DHBV)2 polymeraseS
in vitro translation¥t ¥ ©] polymerase’} minus-strand DNA ¥4d2] A ®b-g-<l
primingz} §AAPES & 5 UL BAsHCt (Fang et al., 1992). EI
Lanford5& w2 ulo]g}& (baculovirus expression system)& &3t
AN Xo) A WHH HBV polymerase’t &/do] 9l o exogeneous templated
By 4 918 Bast4rt (Lanford et al., 1995: Lanford et al., 1997).
o] = 7}x] G A HBVS] DNA polymerased] A3}et3, T 23 A7}
JlsstA Ben], oz o] I A AT} ulg FUSA o FoiFH ALE
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AYEn, ol FS HBVY ujolas g ¥ AL AFAY Aojch
A3 F ATALFY s R 25

o SIUNY L8
1. Full-length polymerase®] &AM ¥jrje] c}akapit 7

2 I}AE E3lo] ¥ AFAoIME HBY polynerased subdomain¥ T
T2 AN Eo A soluble protein® . WEHAIF| =] 4E3lgdct. epsilong X3

P(HBV polymerase A A] domain), PY(YMHDE active sited mutateA]Zl full gene
product), RT Ei= RTH (RT2} H) domaing 2t A R3JL baculovirusE A 2351
(Fig. 1B) ZZA|Xojlq wWHA|Zicl, RT} RTH] 79 wUHH ] 15% W 1%
8] soluble forn© 2 UHES Uehigdey, P B3, & dHEo] Yo}
immunoblotg E3t soluble fraction®] Z&o] oz Yrl.

Constructs of HBY DNA Polymerae
in Baculovirus expression vectors

PolE TP | SP RT RNase H
FLAG-PolE His-6-|[Flag TP | SP RT RNase H qf&
YMHD TP | SP YMHD RNase H cf&
F-RT His-6- RT

F-RTH His-6- RT RNase H
Figure 1.

2. Flag-tag$ 713 HBV polvmeraseZ 9] 23

£ @FolM = antibodyE ©]-&%t immunoprecipitation WP L= FA St
Y3 &Aoo o] 317 ¢5ted, 2zt domain'l protein?] N-terminalol] flag-tag
(-DYKDDDDK- )& 4+l 3%} recombinant baculovirus& HR3}F Tt (figure 1C).

A XA o] DNA-dependent 12|35l RNA-dependent DNA polymerase ¥/dS
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2. Flag-tagS 7}3 HBV polymerase29] 23

2 oA antibody& ©]-&3%! immunoprecipitation BIH L Z A}
A ZAo] o] L3127 $13t, Zb domainl protein®] N-terminale] flag-tag
(-DYKDDDDK- )& 4113} recombinant baculovirus& A &35}eic} (figure 1C).

4 &3 o= DNA-dependent 18]35 RNA-dependent DNA polymerase ¥A&
primed® exogenenousil templated ARE3}lo] SAYL 4~ QS AojH, full-size
polymerase®] 73-$-, recombinant baculovirus ujo] ojn] E¥sle] Q=
endogenous¥} epsilon templated ©|-83}¢], RNA-dependent DNA polymerase A

9l protein-priming ¥A& &A 34}

Figure 2. Immunoblot assay of HBV DNA polymerase expressed in insect cells.

Solubility test of HBY -Pol and domains
expressed in insect cells

3 g
gﬁ A ‘\
N e\s\‘*\ o &

ot ww o= «FHE

g ‘<—F-RTH

- ™ 1—F-RT

3. Protein-priming assay

HBV DNA polymeraset @ AA} 4h-g-¢] LGS mfF HolsAlxE
protein-priming 2.2 J§A|%ic}h.  uwheba], o] uh-g-2 WX HBV DNA polymerase
YHe ZRSIs SEY PoZlEs. & dFeiNE 4] W8 protocold]

utg} protein-priming assay& $33alct
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protein—priming activity assay

bacutovirus to S19 cells I -

—p 2. Harve.stﬂthe infected cells ——» <O\( ?

3. Immunoprecipitation with
Anti-FLAG antibody

r'd

5. Add dNTPs +[ a-32P]dTTP <—— 4. Suspended in TNM buffer

1. Infection of FLAG -PoiE , O

/ Incubation for 30 min at 30 °C

6. Add SDS sample buffer

i Boiling at 95 °C

- 8. Fixing and Drying 9. Autoradiograph
7. 10% SDS-PAGE b d & blot on membrane > grapny

Figure 3. Procedure used for protein-priming assay of HBV DNA polymerase

Protein- priming by HBV DNA polymerase

1 2 3 4 5 6 7

200 —
97.4—
68 —~
No Infection
Core
FLAG-PoIE

FLAG-POIE/EDTA
FLAG-PoIE/PFA
FLAG~-PoOIE/DNase |
FLAG-PoIE/RNase A

NopwN =

Figure 4. SDS-PAGE gel analysis of protein-priming activity of HBV DNA
polymerase.
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- 3% 404 BREo], protein-priming2E dNTPE FX]¥ HBV DNA
polymeraseZ} 98kDa2] ${x|of R gt} o] HBV DNA polymeraseof 2|3t
protein-priming®] FHEAM TS A XojA WHE HBV DNA polymeraseZ} ¥Ado]
o2& UsE£t}l. elongation inhibitorQl PFA¥ protein-priming® & A|5}R]
RE3lgd om(lane 5), RNAse H el ¥hg-g& AJAstgc}. ol 2
protein-priming®] template”} RNA #Xx}el= FAHol7l =3},

&2 assayys & oA 4E I HBV DNA polymeraseZ} mf-¢- #4Jo]
2leo ] specific3t protein-priming ¥H&& in vitroo M T $£3cl= AS
g2 Ech ¥F, £ assays ¥ HBV AHY 232 Yol EH + US
Zlojtt,

A 4% ATALER 4% R derdE
£ @M HBV polymerased] ZFH| o] izt Bd Aol

Y3}, large culture2 T3] WUHE FHAFIL FA|Ste], HBY
polymerase?] X o] FH3tdrt. WA i) full-size HBV DNA polymerase?]
soluble forme 2¢] WHG REst, TiAs A FAHE A =dtgder, ii)
subdomain®g YA Q7S ¢/3], immunocaffinity chromatography & Tzl S
BASIEE flag-tagE 7HXL QU polymerased F5H3le] 'gdstact.  BFol
A4EE @& HBV polymerase®] domain'd &, interaction W & dof vyt |
ol3l& FA H Zoith ¥, & AFAUolA= HBV polymerased] ¥4 U F£
AFoll FEY o Folch. ol FuloldLAE A= JNtE o FA ¥
Zlo|th,

A5 % AFNLATRY gLAY
s 27td7e) We A, HATY £4, J1ds 2ARAL A&

2 o372 HBV polymerase?] protein-priming asssayE H3ldtg om o]
= 3% 3 HBV gAA] a3 #E8Y 4 A& Fojtl. & dAFolA
53 baculovirus§ ©]-8%t HBV DNA polymerase W8AAE F2AT] 2oyt
thalal g sty 8% ot ¥, £ dFAoAME HBV polymerase?]
F2 dFo] FYHY diFoltt. AF, ol & A7 d7&HHEY
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| 7 A HCV Proteases 9 iz ¢a 3 HAAFA M2
1, 47+% 4§

7}.  E.coli Bacterial system& ©]-8-%t HCV NS2/3 mut-1 Thizle] iy

CY EL YToixtT REe e WEst i £, AV|PosE A =
Ztgto g whASte Tt ARo e YASIE WEARCE LYY 2Heo] wol XY LE
nj-$- £ 03 Axolr}, Hepatitis C virus: non-A non-B & 2tde] el &=

elzjo]t}, o] HpolFP A Flavivifidaerz}o] &3l ulolgAZRAM, 2 74 chaz e o
9400 nucleotide?] single strand RNAZ R-E] HAH polyproteino] M XU 2] signalaseo]
3] Ake] AL virus?] genomeo] M FefE whid Fafjise] AzpAThel] o3 FAEH]
mature structureS A it}

Hepatitis C virus polyproteing] 2/3 x| Eojlx 2] Axh2 NS22} NS38] N-terminalof]A]
codingE]= metallo proteaseo] o] Fojx|&=d], ol 4LE NS3ol A4 823t non-structural
protein®] Agre] FW3}= serine proteased}= F-EHCL ulollA 2 polyprotein®]
Athz} maturationoll o sk virus proteasel= HIVY] A B Aol BFo] ulojgfL
XA 7] 208 27} 53 glct. ulelA Hepatitis C virus2] metallo-protease}
serine protease?] 333 FTREM L ¢y VX EANYL] F2T HE AAE 5 rh
5}=] gt Hepatitis C virus®] t}sf HHo] o]P 1, cellular culturest % °]—"?—°1le| o471
2o 2 §ARE A JA] S50 FAABSIY thPY S HE53H: A7t
o]&oj=jo} ¥t} uwheld] o] Aol Hepatitis C virus®] metallo-

protease?] FAx}IE o]&35lo E colidlA 2 function} IF8] FRE Zt soluble

proteing ThE W3 £ dte RS FIJLE PYrl

o

)

(1) pET-30a(+) vector& o]&%t HCV NS2/3 mut-1 protein ‘¥
(7}) HCV NS2/3 mut-1 expression vector A=
HCV NS2/3 mut-lgene ©] Eo] ¢l pTrc HisA NS2/3 mut-1 vector& BamHI 2}
EcoRI© 2 AtHs}oJHCV NS2/3 mut-1 gened 2elstglct. I FHwHH pET-30a(+) vector2}t
ligations}o] pET-30a(+)NS2/3 mut-1 plasmid& = 3ttt (Fig. 1).
(L}) Competent Cell #|Z B transformation
E. coli strain &% BL21(DE3)pLysS & AHZ-#lon, AYelM A% ¥y Tbf
method 4] Mandel=} Higa7} FA|%F CaCl, method?] H¥olat & 4= glrh. $4d, competent
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cell& WNE7] $18}, E. coli BL21(DE3)pLysS & single colonyS 5ml2] LB mediumoi

A %3lo] 37Cshaking incubatorojjA] WAl 7| 2% o] v A2 THE 100ml 8] LB

mediume] 2FHF3te] 37T <} 2% F= o F18iT} (0Deso=0. 5).

A E 23 pellete] 40ml2e] ThfIS M713te] resuspension 315l FTA| L F wHzj
A1 8218 3l A7 pelleto] 4ml 8] TbfIIS X715t resuspensiond 3tict, ojaA

at5o0] X competent cell& o]83}o transformationS 33} Tl. Fresh{!

BL21(DE3)pLysS competent cell 0.1ml of ligation® pET-30a(+)NS2/3 mut-1& H7}3H¥

3023t d2ofl incubation A|ZI¥, 42TCoA heat shockE F 2Tl 0.8nl LB mediung

AIIE 1A% FQ 37CollM uvigstget. 3% 0.1ml transformation mixE -

e

kanamycin(504g/ml )3} chloramphenicol (34ug/ml)o] X3+¥ LB agar plateo] spreading
shof, wkaj 37CoA] 7]$dt}. kanamycinZ} chloramphenicol selectiong T3 €2
colonySo] A plasmid DNAE ¢ o], BamHIZ} EcoRI restriction enzyme digestionS Z=3j

3t NS2/3 mut-1 protein expressiong A] &3} T

(c}) HCV NS2/3 mut-1 Proteing] ¥
NS2/3 mut-1 proteing U¥3}t7] $13] LB medium® AHE Stich

pET-30a(+)NS2/3 mut-1 colony& kanamycin (504g/ml)2} chloramphenicol (34/g/ml)o]
XYY 5ml LB mediumoll ] FF3te] Al 71F 1/200.2 3A43}of, XL F= JIF
(ODgo=0.5), IPTG inductiong AA] 3ttt 1mM IPTGE FJIHFE 3413 F 37C
shaking incubatoroj|A] inductionS 42} 3}%t}. Induction®t cell S YA E2|¥HE, cell
pellet& 25mM Tris buffer (pH7.0)¢] resuspension ¥ ThHS cell & 7171 213}
sonicationg dtgr}. (20%, 3x30 sec). L3 10,000xgollA] 102 ¢t HA&g 319
pellet®} supernatant& 2|3ttt E3} pellet& sample buffer® resuspension ¥H¥
Z}z}e] fraction® 12% SDS-PAGER #43}4rt} (Fig. 2). |

(2) pTrxFus vector& o]£-%! HCV NS2/3 mut-1 protein U¥
(7}) HCV NS2/3 mut-1 gene cloning
HCV NS2/3 mut-1 geneS cloning 3}7] $130A.5° primer2} 3’ primer & Eof
BamHI site®} Sall sited Z}Z ¥ A|ZH o, PCRE o]-&3tod, HCV NS2/3 mut-1 .gene-%
odoith pTrc HisA NS2/3 mut-18 template® AR5} o™ forward primer2} reverse

primerms Th2} Zolt}
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Forward primer: GATCGATGGGATCCCCCACTATAT
Reverse primer: CCAAVCTTCGTCGACCTAGCCGGT

PCR AL 94CollA 525t initial denatruation® ¥tFoll, 94TellA 18, 50T
18, 72CoA 183024 353 wtEslgdon, 72ColA 107 final extensiongr
A stgct olg@A sl ¥ PCR productE pUCI8 vector?} ¥7] BamHIZ} Sall
restriction enzyme 2.8 A g|3}3L 16 CoA ligation& 3}t 2Lel3, E coli
DH5 @ strainol] transformation 3+¥ 50mg/ml X-gal, 1mM IPTG®} 100mg/ml of ampicillin®]
3% LB medium agar platedll spreading 31Tl White colonyEollAl plasmid DNAS
o] BamHIZ} Sall 2= double digestion3}o] selection ¥'¥ sequencingg 3tlth
(Fig.3). 223}, QS HCV NS 2/3 mut-1 gene pBluescript SK(+) vectore]l cloning
st
(1}) pTrxFus NS2/3 mut-1 expression vector A&

HCV NS2/3 mut-1 proteing E.coli GI16983} G1724 cellof A Uy A]7]7] i3k
®o} 2l HCV NS2/3 mut-1 DNAS} pTrxFus vectorE BamHIZ} SallS 2 A 2|¥HF,
ligationd}o] tryptophan-inducible expression vector pTrxFus NS2/3 mut-1& HZ

staict (Fig.4).

(t}h) Competent cell A= W transformation

E coli strain®2 GI16983} GI1724& AR 3lgdon, celle] mid-log phase THA]
z}2t% FSB solution® E washing 3}l DMSOE ¥ 7t ke WdS ARS3rh 4,
competent cell & WHE7] $18l, E coli G16982} G17242] single colony& Ztz}t 5ml&}
SOC(2% trypton, 0.5% yeast extract, 0, 05% NaCl, 25mM KCl, 10mM MgClz, 20mM glucose)
mediumoll £}, 37CTshaking incubatorofl A LAl 71 &F 15 2.5018] ujgdE A=
THE 250m18] SOC mediumol] <jHZE3te] 37TelM 2-3 At = ©f 7181T} (0Dss0=0.6).
AR a3 pelleto] 1.3m18] cold FSB solution& M 7}5le] resuspensiong staich
A3 65.42) DMSOE e AUlste] @l 1583 incubation AJUF HZEZ
4 0 = 65400] DMSOE T}A] M7 b3t d-gol incubation AlZch oA A L&A
competent cell & ©]&3}o] transformationg 28851t} Fresh ¥t competent GI6982}
GI724 0.1mlo] Z+2Z} ligation® pTrxFus NS2/3 mut-12 H7}aHF 30E3 o2
incubation A]Z1¥E, 42TolA 9025 ¢t heat shock& FX Tl 0.8m1 SOC mediumS Z2}Z}
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tubeo]] E7I3HE 1A 7H5¢E 30Coll widstgct, 25 0.1ml. transformation mixE
RMG-Amp(0. 6% NazHPO,, 0.3% KH:POs, 0.05% dextrose, 1004g/ml ampicillin, and 1.5% agar)
agar plateol spreading 3}od, 2HAl 30ColA 7194t} Ampicillin selectiong T3
colonySollA] plasmid DNAS o] BamHI} Sall restriction enzyme digestiong &3l
¥elX NS2/3 mut-1 protein expressiong® A|&=3}4ltTl.
(2}) TrxFus NS2/3 mut-1 protein ¥

TrxFus NS2/3 mut-1 proteing ‘U¥H 3}7]$I3] RM(0. 6% NaHPO,, 0. 3% KH,PO,, 0.05%
NaCl, 0.1% NH,Cl, 2% casamino acid, 0,01% MgCl, and 1% glycerol )medium & AR&-3}&icT}
pTrxFus NS2/3 mut-1 colonyS ampicillin (100g/ml)o] ¥ 5nl RM mediumo] HE3le
30ColA Al 71, o] vy A2 HE 100ml RM mediume] zJFF3le 3 AT =
7)2-% (0ODsso=0.5), tryptophan inductiong AlA]3}&c}l. 1004g/ml tryptophang M7}t
3-4 A7} S¢F 30 CE L 37 Cshaking incubator o] A induction® 43¥3}icTl. Inducation
% cell & centrifugation® ¥+, cell pellet& 77] %3l sonication& 3t Th (20%,
3X10 sec). 3% 10,000XgoAl A 5859t Al e] 31o pellete} supernatantE&
2alstdct. E3 pelletE sample buffer® resuspension ¥H¥ 22}e] fractiond 12%
SDS-PAGEE. A3}t (Fig.5,6). 3t 4L8] cell culture® TrxFus NS2/3 mut-1
proteing tizrB4ks17] 913l,. glass jar fermentor (model KF-5L, Korea Fermentor
Co. )& AR #=d] agitationz} aeratione 22} 300rpm>} 1v/v/min FXE HOH, seed

cultivation medium& main cultivation medium?®] 5% (v/v)& HZE¥r} (Fig.7).

(u}) WUHEF pTrxFus NS2/3 mut-1 protein®] Western blot analysis

Q3= A| 28] SDS-PAGEE ¥}¥H¥ o] & transfer buffer (25aM Tris base, 192mM
glycine, 20% methanol )3}ollA nitrocellulose membraneo] 150mA2] AFE 1 At T
7H8HE 3% ©x| 2§ TBS-T (100zM Tris base, 0.9% NaCl, 0.1% Tween-20) £jof 1]t
=0} incubation 3T}, 2% TBST (20ml)E 5% 23 Blo]E£F of7]o] Anti-Thio
antibodyS 5000ui% 3]4{% TBST €& 7HX3L 1-2 A7t §¢ g ANF TESTE 524
23] Bo]=% TBSTO 1000u]= 3] ¥ Horse radish peroxidase® XX|¥ anti-mouse IgG
linked whole antibody (from sheep) off 1A]3t ¢} incubation 3t} ¥ nitrocelluse
membrane® TBSTE 584 23] #lo]3 3 ECL detection reagent (Amersham Life Science)
13} 28 1ml & 42 &4 7IF 18%0] ¥ SRS X-ray filno] expose AZITH
(Fig.8).
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2. @738 Ay
(l) pET-30a(+) Vector& ©o]-£%} HCV NS2/3 mut-1 Protein &

Lo FAlo]A= HCV NS2/3 mut-1 proteing thzrU¥ 3]A soluble ¥t HCV proteing
gk 32} Tt NS2/3 mut-1-2 metallo-proteaseql native ¥t NS2/30jl4 NS22} NS32j
clevage siteql leu-leu-ala®] delete® UF 2] mutantojtr}, 4, T7 Z¥3¥l promoter,
His-tag, ZL8|3l enterokinase siteE& 7}X|3 9l pET expression system& °©|-&3}7| =2
s}edth. A& pET-30a vectorS o] &3}l NS2/3 mut-1 proteing WHAIZ ZA,
Fig.16)4 E5o| IPTG inductionof &3} ~41kd molecular mass& 7}% NS2/3 mut-1
fusion proteino] WH = dz|qt tfEEo] inclusion body® Aol Hcl. solubiliby& 7}
A717] $islA =& 37ColAM 30T,25C, 22|32 18T W&o] induciton A|x3
Borz|ul DA BAHolgt), ¥ pET-32, pET-39% o FF2 vector&=}
Origami 2} BL21(DE3)Codon Plus-RILS o 8] FF 2] &30 HAAHS A =3t HaA|qt
solubility $7H& o|&°] Uxl= E3ch
(2) pTrxFus Vector& ©]-&%t HCV NS2/3 mut-1 Protein ¥,

t}So= solubility® &7t A]F]17] #1804 ThioFusion expression systems
AF2-3}7) 2 3tedt}. Thioredoxin fusion protein® Yyt o g ul2oro] WHE I fusion
Aol insoluble proteink thioredoxin moietyol] &]3§A] solubility7} %—7}51—‘,5:— Z38Fo]|
olt}il 3tt}. pTrxFus vector® o]&3ted NS2/3 mut-1 proteing U A]7]7] 3[4
NS2/3 mut-1 protein& PCRol 2|3] €olAM sequencingS 3ttt 23}, Fig. 3ol
B5o| nativedt NS2/3 sequence®} 5Ful7} BUx] dtgdxt, 3702 amino acidZt X3 H
A& GAHALL.

Fig. 4042} o] pTrxFus NS2/3 mut-1 expression vectorZ} X =213, NS2/3 mut-1
N-terminal Qte] thioredoxinz} enterokinase site7} L}gts] @4 =eo{glct

pTrxFus vector& transformation 3h=t] 2F7¢ E coli strain G16982} GI17247} A&
gy 0|52 isogenic o]|X|Tt cl repressor Wol] glojA Xjol7t glrisl ¥iclh. G698
straing fusion proteing 30TCo|3toll W A o AMSEHI, GI724:= 30°CojAtell A
s = w] AR2 ®eith Thioredoxin fusion NS2/3 mut-1 proteing 257C,30Ce|3L
37Col N wH AL ul, Fig. 5 - 60l B4 a%o| tryptophan F7}¥HF A7l
73} Yol whe} ~50kd protein 7t E718E B4 olch ul§ ¥ el 50kd protein o]
insoluble fractionolA WaEL=qt (Fig. 5B, Fig. 6a), 432 50kd proteino]
solubled}t fracitono = U¥ = ¢ltt (Fig. 5A, Fig. 6b). 53] induction 2x7t
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25CY of 71 w2 oF2] soluble form3} insoluble form®] ~50kd TrxFus NS2/3 mut-1
proteino] Wy X} (Fig. 5). 2822, Thioredoxin fusion NS2/3 mut-1 protein®)
RS W2 2= 23t 2 F3r] olFo] A4 glrin FZGHrl. T3 TrxFus NS2/3
mut-1 protein®] thaFFato] 7Hs¥tx] AYs] 27 95t 4L cell cultured UETAES
ol &3t chFujd& Al=3te] Belrh Fig. 7oA EXo] ~50kd protein band7}
tryptophan induction ¥t3¥ 3A]3t ¥ of soluble ¥t fraction (Lane3)3} insoluble 3}
fraction (Lane5)oflA] W&HEE= S B 4 Qcrh 2822, TrxFus NS2/3 mut-1 fusion
protein?] tiggito] WA RE o] &N 7Hesithe A& ¢ 5 Ath

Tryptophan of] 2]&]A induction® ~50kd protein®] &} TrxFus NS2/3 mut-1
proteinQlx] ¥¢i3}7] ¢|3A] Western blot analys.isg- A8ttt Anti-Thio antibody
(Invitrogen) <%°% monoclonal mouse IgGix antibody®#] thioredoxinz} thioredoxin
fusion proteing& A} & 4 Qlrl Zefr] ~50kd proteino] Eo{2l+ soluble fractiong
microcon® £ concentrationg 3jA] 12% SDS-PAGER analysis& ¥H¥ gel 3his=
Coomassie Brilliant Blue R250 staining 3}3., T}E3}L}= nitrocellulose membraneoj
transfer 3|4 Anti-Thio antibodyE primary antibody® A}-&3JA] Western blot
analysis& Alx3tgct. 2143}, Fig 804 BXo]| ~50kd protein band 2} Anti-Thio
antibodyZ} Q1A1%t band7t XS U 4 AUr}l. 22, soluble NS2/3 mut-1 protein
o] TrxFus fusion protein®® WIS & 4 i}

L}, HCV NS2/3 mut-1 Protein A
1. 73 ¥y
(1) pET-30a(+) NS2/3 mut-1 protein 3=

pET-30a(+) expression vector+ 670¢] histidine® 7}%l N-terminal His tag$}
enterokinase cleavage siteE& 7}X|3 Qlt}l. 2828, histidine} complexE B UL
%1+ nickle-chelating affinity chromatography& ©]&3}e] resino] binding 3} Thiz g
imidazole step gradient® -£& A|7]|& ¥hi & AFR3Sid AA 5t
pET-30a(+) expression vectore] 2]3|A] His-tag fusion NS2/3 mut-1 proteino] ¥
¥]gl ], soluble forme] opd insoluble¥t inclusion body® ¥ E c} (Fig.1).
3AtE<Q 1mM IPTGE induction 3}3l, cell cultureE 7,000XgollA 108 HoF alEa
¥HE, pelletE ice-cold binding buffer (25mM Tris, pH 8.0) & resuspend 3]A

sonication& 3T} (3X10sec). His-tag fusion NS2/3mut-1 protein®] insoluble
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fractiono] inculsion body® wW¥o] E 2 & tlA] 20,000Xgol Al 152 F¢¢ YAEe]3lA
A7 pellet-& 6M ureaS X3t denaturating binding bufferdl] resuspend A]7]1,
g3 1X|ZF ¢ incubation A]ZIF insoluble material & A A3}7] $3A
ultracentrifugation 39, 000Xgoll A 208 EQt 3}3, 0.45m membraneS AF&3§A filter
$+¥ supernatant& 1ml His-trap column(Amersham Pharmacia Biotech)ol loading 3}it}.
sample loading ¥, column& binding buffer(10mM imidazole, 20mM phosphate, 0.5M
NaCl, pH 7.5)% washing 3}3, 20mM imidazole® XE{I¥} binding buffer 15mlE =&3HA
EojglE proteing HA 3}7]1918]4 CTIA] washingS ﬂt}%; Elution buffer (500mM
imidazole, 20mM phosphate, 0.5M NaCl, pH 7.5)% elution& 3}git} (Fig. 9).
(2) pTrxFus NS2/3 mut-1 protein] %A .
(7}) ThioBond Resin Affinith Chromatography

ThioBond resin(invitrogen)& vicinal dithiols& E ¥ 3= proteing
affinity purification 3} =8 H'H3] design Eo{2ltl. ©] ThioBond resin
agarose-based supporte]] Z¥ ¥ phenylarsine oxide (PAO)7} thioredoxin active siteo]
ol: dithiol®} ¥Hg3t AYUUS ASE ol &Yool
%1, ThioBond resing 20mM B-MEE ¥ ¥ binding buffer (50mM sodium phosphate
pH8.0, 100mM NaCl, 1mM EDTA)E washing 3}31 .é} buffer® 14|17t F¢t activation
s, B-MES X35}x] 92 binding buffer® washing 3t¥, &£H|H sampled lodaing
3lgct. Sampled &H] 3}7] $13§A L, tryptophan (1004g/ml)L2.& induction ¥+ 3 At
5ol 4,000Xg= 108 ¢t dAlEe] ¥, final volumeo] 4ml E|A pelletE 1M B-ME
& X33} binding buffero] resuspension A|Z T}, 3F sonication (3X10sec)z}
10,000Xg = 108 SQF 2A1Eg] 3+¥, loading © supernatant sampleo] £H| Tl
4m12] =u]¥! sampleS ThioBond resino] 1 A]3t 5t shaking 3} 4] batch bind A]Zit}
3283 column ¥S FolA buffer7t Fd VY QASI (flow through), 1mM B-MES
¥ 338} binding buffer 4 bed volune®. £ 23] washing 3t} 2% 2}2Z} 3 bed volume?]
5,10, 50, 100, 200, 500, 1000mM B -ME& X 3%'3} binding buffer® elution& st}
(Fig.10).

(1}) SP-Sephrose ion exchange chromatography
SP-Sephrose(Amersham Pharmacia Biotech, )= strong cation exchanger resin

o224 YL pH range (pH2-12)6llA] fully charge Elojglt}. Transformed cell®l
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overnight cultured tryptophan (10042/ml) 2. % induction ¥t¥ 3 Al ZF ¥ of 4,000Xg=
102 ¢ Y422 3¥F pelletS binding buffer(25mM sodium phosphate, 10% glycerol,
1mM EDTA)E resuspension ATt} ¥ sonication(3X10sec)3} 45, 000XgE 14|37}
LYAEe ¥F supernatantF binding buffer® equilibration ¥ SP-Sephrose resinoj 1
AlZt Z4t batch bind AlZtl. ¥ o] resing F @3t columndy packing 33 10 bed
volume®] binding buffer® washing ¥+ 0 - IM NaCl gradiento] 2|3j4 whiAEo]
elution Tt} (Fig.11).
(t}) Superdex 75 Gel Filtration chromatagraphy

Superdex 75(Amersham Pharmacia Biotech.) = Gel filtration resin S 24
separation molecular weight range:= 3,000 - 70,000 kd o|t}.
<, 300ml12] Superdex 75& buffer A (25mM sodium phosphate pH 8. 0, 10% glycerol) &
washing 3}3, TrxFus NS2/3 mut-19] elutionE= A|AE & 317] fI3iA, Smg/mle
bovine serum albumin (67kDa)3} 5mg/ml2] ovalbumin (45kDa)(Amersham Pharmacia
Biotech. )& molecular mass standard® ARR 3}9it}. Transformed cell®] overnight
cultured tryptophan (100g/ml )22 inducation ¥HE 3 AjZH§|of 4,000Xg=E 10% ¢
Al B2l 3LE pellet& buffer AR resuspension Al ct, ¥ sonication (3X10sec)}
PAEE M AL pellet resuspension TF 45,0008 1413t F¢t 244 Ee st
buffer A2 equilibration® superdex 75¢]] supernatant& loadingd}il buffer AT
elution 3}gic} (Fig. 12).
SDS-PAGE £ eluant&& 4 ¥H¥, TrxFus NS2/3 mut-1 proteino] EoJ8l& fractiongS
pool 3], Centriplus YM-10 (Amicon) 2. ¥ concentration ¥FH¥E 4ml2] retentateS 50mM
Sodium phosphate pH 8.0,100mM NaCl, 10% glycerol, ZL28]3. 0.2% TritonX-100%
equilibration®™ ThioBond resin®ll loading 3}3. washing ¥t 10,50, 100, 200, 500mM
B -mercaptoethanol & step gradientd& AMR3|A] elutiond 3tgtt. a2l eluantES

12% SDS-PAGEE. ¥A{slaic} (Fig.13).

2. A3+ 23

(1) pET-30a(+) NS2/3 mut-1 A=A

pET-30a(+) expression vector: 67§¢] histidineS 7}%l N-terminal His tag®}
enterokinase cleavage site§ 7}X|iL glt}. pET-30a(+) expression vector& AE-3lA

NS2/3 mut-1 proteino] ‘WHE uj, NS2/3 mut-1 protein gt oluje}l 6708 histidineS
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713l His tage UHHE S el 2828, his-tagoll affinityE 7}X Ude
HisTrapo]2} affinity columng AFR3te] Thia g Ax ¥ 4 glct His Trapo] Ni¥’E
charge EHH, Azo g chwz FHo] 9l& histidine?} complexdE F ¥ U3 EIT
imidazoleo] &3} complex”} 33 ¥ 4% ot} 2 ERE, inclusion bodyE WUHF
His-tag fusion NS2/3 mut-1 proteing 6M urea® £3|A]|# HisTrap resing A}l-&3}o]
A3 el |
Fig. 9ofl4] B %o] IM imidazole elutionol &]3] inclusion bodyE Y#H curde
His-tag fusion protein of|A] ¢-%t His-tag fusion NS2/3 mut-1 protein®E A& © +
ASE EF7F Uk
(2) pTrxFus NS2/3 mut-1 protein |

ThioBond resin(invitrogen)& vicinal dithiols& X¥dl= proteing affinity
purification 3I=& B3] design Eo{Qlt}. plrxFus vectorE o]-&3fA LWV
thioredoxin®} 12] fusion YA E-L vicinal dithiols&& 71X glcl. mepA
thioredoxin fusion proteinS-& ThioBond resino] 7}93 o2 ZA%LEY, ThE
proteinE2 A U7}3, purified thioredoxin fusion protein B -mercaptoethanol
(B-ME)& AMZ3lA elution BTz &ajAglch 8y, Fig. 10614 REo] UAH
soluble thioredoxin fusion NS2/3 mut-1& ThioBond resinof]l B3} A|ZA&w], tiF-E4
protienEo] flow through®} washollAl 282X ¢l3l, B -mercaptoethanol& 1000mM XE3H
eluanto] = A2 thdo] &= ¢girt. 122, A Fo] A2 ThioBond
resine] binding®|®] ¢+ A S %—’}‘-Olt}. ThioBond resine lipidlt} oxidized
dithiol2}= 2t lo] E|x| ¢tttz ¢alx ¢ltl. 2B, NS2/3 mut-1 proteino]
ThioBond resind binding ¥X] ¢ & NS2/3 mut-1 proteino] lipid rich¥t membrane
proteino]|7] wjFole} dZtHcl.
th&of = strong cation exchangerQl SP-Sepharose resin¢ binding A]# Bol=d], Fig.
1104 BEo] o] Ao = thHE2| proteinEo] pHe] Hlo]x= AA ol flow throughtt
washol A Tj2E £2EE ¢ 4 gtl 2828, NS2/3 mut-1 fusion protein charge
Bislo] = H3rS x| o} memirane proteingl Z Zro] AZFcTh olMoll= superdex
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Figure 1. Construction of pET-30a(+) NS 2/3 mut-1
Vector. After restriction enzyme digestion with BamHI
and EcoRI, NS2/3 mut-1 was ligated with pET-30a(+).
His-tag and enterokinase site are located in front of
NS2/3 mut-1.
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Figure 2. Induction of NS2/3mut-1 from E.coli DH5a
by addition of IPTG. Induction was done by the addition of

1mM IPTG. Each pellet protein was analyzed by 12% SDSPAGE
M: Molecular mass marker

- 111 -



™

Ca) TCfCC\(T{TATTT\ ATA QA GCCGLCLTC
,-\('NC(’AC('(YCTACTTTCTC(GCGCG(U(TA(Tl.m(aCITTC
e et (h

ATG CTC TG COC TOC CTGATG GOG GG6 AM TACTICCAG ATGATCATA 2402
' Y
o C—n
CTG AGC ATT GGL AGA TG TICAAC ACCTAC CTA TATGAC CACCTA GCG. 3%
€CT ATG (A4 CAT TGG 6CC GCAGCT GGC CTT 444 GAC CTAGEAGTG GCT X8
T\xr
Gy
mcu CCCGTAATA TIT AGT €CC ATG GAS ATC AAGGTC ATCACCTGE vs
GGC GG GAT ACA GCA GCT TGC GEA GAT ATT CTT TGC GGG CTG CCTGTC 32
TCT GEG CGATTA GGCCGT GAG GG TTG TTG GG4 CCT GCT GAT GAC TAT 3073
0GG GAG ATE GCT GG 0G4 CTG TTG GCC CCG ATC ACAGCA TAC GOCCAG 3 k)
CAA ACT AGG GGC CTT CTT GGG ACT ATT GTG ACC AGC TTG ACT GGCAGG 3168
GAT AAG AAC GTG GTG ACC GGTGAA GTG CAG GTG CTT TCTACG GCT ACC 31§
CAG ACCTTC CTA GGT ACA ACA GTG CGG GGG GTTACCTCG ACTGTTTAC 144
CATGCTGCA CET TCG AGA 406 CTC GCG GGCGCC 444 CATCCC 6CGCTC 132
CALATGTAC ACA AT GTA GAT CAG 6ACCTCGTT GGG TEG CCA GET CCC 3360
(C2 GGG GCT AAG TCTCTT 644 (CG TGC 6CC TGC GCC TCT GLA GAC TR H4
Pro
A 413
& _
TAC TTG GIT ACE CLC GAT GUC GAT GTC ATCCCT GCT CUG (6C ACC GGE M55
GAC TCCACA GUG ACTTTE CTCAGT CCT 4G4 CCT CTCGCCTOTCICAM. 354
GG TCCTCT GG GLT (CTGIT ATE TGCCCTTCE (UG LCAT GTT 6CA GGG 3552
ATCTTTAGL GCT GUT 6T TGC ACC AGA TG CTA GCA AAA GCCCTA CAG 260
TICATS CEAGTO GAL ACC CTCAGCACA CAG ACT AGG TCCCCATCT TTC. 268
TCTCAC AATTCA MTCCTCCTGCT CITCCACAG AGC TATCAG CTAGGA 3498
TACCTTCAT GUCCCC ACCGEC THCGAA TTIC b
fes
(43
Tl

Figure 3. Sequence of mutant of NS2/3 mut-1

In addition to CTGTTGGCC (3091-3099 ) deletion of NS2/3
junction, NS2/3 mut-1 has five additional mutations as compared
to NS2/3 native form and they were indicated as arrows.
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Figure 4. Construction of pTrxFus NS2/3 mut-1
Vector. After restriction enzyme digestion with BamHI
and Sall, NS2/3 mut-1was ligated with pTrxFus.
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Figure 5. Effect of Induction of NS2/3 Fusion Protein
in E.coli GI698. Panel A and Panel B indicate proteins
in soluble fractions and insoluble fractions, respectively.

These proteins were analyzed by 12% SDS-PAGE.
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E. coli Strain GI1724 : GI724
Temp. = 37°C 30°C
Induction -
time(thr)y MO01 2 3 40 12M
97kd L
66kd i
45kd = =
31kd
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E.coli Strain G1724 GI698 mut-1

Temp 30°C 30°C

Induction

time(hr)y M 3 4 01 234 M
97kd ~= S,
66kd
45kd
31kd
21kd
14kd

Figure 6a. Effect of induction of pTrxFus NS2/3 mut-1
fusion protein in Insoluble fraction. NS2/3 mut-1 fusion
protein was expressed in GI1724 at 37°C and 30°C as
insoluble form. MW of NS2/3 mut-1 fusion protein is
~52kd.
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E. coli Strain G°1724 GI1724
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E.coli Strain GI1724 GI1698
Temp. 30°C 30°C
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time(thr)y M 3 4 012 3 4/ M

97kd .
66kd
45kd :
31kd ~
21kd
14kd

Figure 6b. Effect of induction of pTrxFus NS2/3 mut-1
fusion protein in soluble fraction. Soluble NS2/3 mut-1
fusion protein was expressed at 37°C and 30°C in E.coli GI698
and GI724. Induction was done by the addition of tryptophan
(100pg/ml). MW of pTrxFus NS2/3 mut-1 fusion

protein is ~ 52kd.
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E.coli Strain GI724
Temp. 37C
Inductin

time (hr) -

97kd
66kd
45kd

31kd
21kd
14kd

Figure 7. Effect of Induction ofpTrxFus
NS2/3 mut-1 Fusion Protein in 4L Cell Culture
Using Fermentor. Soluble and Insoluble fractions
were analyzed by 12% SDS -PAGE.

Lane 1: Molecular size marker

Lane 2: Soluble fraction before induction

Lane 3: Soluble fraction at 3hrs after induction
Lane 4: Insoluble fraction before induction

Lane 5: Insoluble fraction at 3hrs after induction
Lane 6: Molecular mass marker
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Stained Gel

Western Blot Analysis

Figure 8. Expression of pTrxFus NS2/3 mut-1 Proteins
in GI724 at 37°C. Proteins in soluble fraction were
concentrated using microcon and used for analysis.

Upper panel shows coomassie stained expressed proteins
and lower panels shows Western blot analysis of expressed
proteins. Arrow indicates expressed NS2/3 mut-1 fusion
protein.

- 118 -



e e
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66kd =L RSy L&

45kd i"* o -
NS2/3

31kd = NS23

21kd

14kd __

Figure 9. Purification of NS2/3 mut-1 expressed in

E.coli BL21(DE3)pLysS using His Bind chromatography. -
NS2/3 mut-1 protein was expressed and found as inclusion

body when 1 mM IPTG was added to cell culture. Solubilized
NS2/3 mut-1 in 6M urea was purified using His Bind resin.

M: Molecular mass marker, 1: Unsolubilized fraction,

2. Solubilized fraction in 6M urea 3: 1st Unbound fraction to His
Bind resin 4:2nd Unbound fraction to His Bind resin 5: Washing
fraction using 20mM imidazole solution 6: Eluted fraction

using 1M imidazole solution. 7: Striped fraction using

400mM EDTA.
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NS2/3
mut-1

L1 BES Ba E7 8 M

Figure 10. ThioBond Affinity Chromatography.

Sample was loaded onto ThioBond resin , washed

and eluted with buffers containing iticreasing concentration

of B-mercaptoethanol. In upper panel, Lanel: loading

sample, Lane2: flow through, Lane3: wash. In lower panel,

E1- E8: eluant containing 1, 5, 10, 50, 100, 200, 500, 1000 mM
B-mercaptoethanol, respectively.
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Figure 11. SP Sepharose Chromatography.

Sample was applied to SP Sepharose in batch wise, packed

into the column , washed and eluted with 0 - 1M NaCl gradient.

In upper panel, elution buffer contained 50mM sodium phosphate,

10% glycerol, pH 6.5. Lanel: Loading sample, Lane2: Flow through,
Lane3: Wash , Lane4: Fraction #1, Lane5: Fraction #6, Lane6:

Fraction #12, Lane7: Fraction#16, Lane8: Fraction#24. In lower

panel, elution buffer contained S0mM sodium phosphate, 10% glycerol,
pH 3.0. Lanel: Loading sample, Lane2: Flow through, Lane3: Wash.
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M12 3 45 6 78M

NS2/3
mut-1

M9101112 13 141516 M

Figure 12. Superdex 75 Gel Filtration Chromatography.

After running with bovine serum albumin (67kDa), and

Ovalbumin (45kDa) as standard molecular mass markers,

the sample was loaded, washed, and eluted with 25mM sodium
phosphate buffer containing 10mM glycerol, pH 8.0.at a flow

rate of 0.6mV/min. M: molecular mass marker, Lanel:fraction (fr. ) #1
Lane 2: fr. #3, Lane 3: fr #5, Lane 4: fr.#7, Lane 5: fr. #9, Lane 6: fr#11
Lane 7: fr. #13, Lane 8: unfractioned soluble sample, Lane 9: fr. #14,
Lane 10: fr. #16, Lane 11: fr. #18, Lane 12: fr. #19, Lane 13: fr. #21,
Lane 14: fr. #23, Lane 15: fr. #25, Lane 16: unfractioned soluble sample
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Figure 13. ThioBond Affinity Chromatography.

After Superdex 75 gel filtration chromatography, the fractions
containing NS2/3 mut-1 fusion protein were pooled together and
applied to ThioBond resin for further purification.

M: molecular mass marker, Lane 1: supernatant after 1st centrifugation
Lane 2: supernatant after ultracentrifugation, Lane 3: loading sample,
Lane4: flow through Lane5: 1st wash, Lane 6: 2nd wash, Lane 7: 3rd
wash, Lane 8: unfractioned soluble protein, Lane 9-14: eluant containing
10, 20, 50,100, 200,500mM B-mercaptoethanol, respectively.
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- X-gene product of hepatitis B virus induces apoptosis in liver cells
- HBx protein of hepatitis B virus activates Jakl-STAT signalling
- Hepatitis C virus nonstructural protein NS4B transforms NIH3T3 cells in
cooperation with the Ha-ras oncogene
- Evidence that the 5'-end cap structure is essential for encapsidation of
hepatitis B virus pregenomic RNA
- The E2 glycoprotein of hepatitis C virus, truncated by 34 amino acid residues
at the C-terminus, binds to mammalian cells and interacts with the putative
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cellular receptor81 if secreted from glycosylation mutant Chinese hamster ovary
cell lines

A structural model for the large extracellular loop of human CD81

Development of a novel yeast secretion vector by a novel hybrid fusion peptide
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