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Crystallization and preliminary X-ray crystallographic analysis of the helicase domain of hepatitis C

virus NS3 protein
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Abstract

The NS3 protein of hepatitis C virus (HCV) is thought to be
essential for viral replication. The N-terminal domain of the
protein contains protease activity and the C-terminal domain
contains nucleotide triphosphatase and RNA helicase activity.
The RNA helicase domain of HCV NS3 protein was purified by
using affinity-column chromatographic methods, and crystal-
lized by using the microbatch crystallization method under oil
at 277 K. The crystals belong to primitive trigonal space group
P3,21 or P3,21 with cell dimensions of ¢ = b = 933, ¢ =
104.6 A. The asymmetric unit contains one molecule of the
helicase domain, with the crystal volume per protein mass (V,,,)
of 2.50 A® Da! and solvent content of about 50.8% by volume.
A native data set to 2.3 A resolution was obtained from a frozen
crystal indicating that the crystals are quite suitable for structure
determination by multiple isomorphous replacement.

1. Introduction

Many proteins exhibiting RNA helicase activity have been
found ubiquitously in organisms ranging from viruses to
humans. Several examples are pestivirus NS3 (Warrener &
Collett, 1995), Escherichia coli transcription termination factor
rho (Brennan et al., 1987), eukaryotic translation initiation
factors (Rozen et al., 1990), and RNA helicase 1 (Claude e al.,
1991). The unwinding of double-stranded RNA is thought to be
important in transcription, RNA processing, translation and
RNA replication (Gorbalenya et al., 1989; Ray et al., 1985).
Most of known RNA helicases are thought to bind to a single
strand region and unwind the RNA duplex unidirectionally or
bidirectionally (Claude et al., 1991; Rozen et al., 1990). They
require NTP and a divalent cation for the helicase activity (Kim
et al., 1995). Mutation studies showed that a short stretch of
amino-acid sequence, Asp-Glu-Ala-Asp (DEAD box), is
essential for the RNA helicase activity. The family of proteins
with the DEAD box consists of three sub-families according to
the sequence difference in this segment, DEAD, DEAH and
DExH protein families (Koonin, 1991).

Hepatitis C virus (HCV) is the major etiologic agent of non-
A non-B hepatitis (Choo et al., 1989; Kuo et al., 1989). HCV
belongs to Flaviviridae, the positive-strand RNA virus family
(Inchauspe et al., 1991). Its genome consists of about 9400
nucleotides with gene order of N'-C-E1-E2-NS2-NS3-NS4A-
NS4B-NSSA-NS5SB-C’ (Grakoui et al., 1993b) which encodes a
viral polyprotein of about 3010 residues (Kato et al., 1990). The
polyprotein is processed into functional proteins by host- and
virus-encoded proteases. While the N-terminal portion of the
polyprotein consists of structural proteins (core and envelope
proteins), the other portion contains non-structural proteins
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which are the essential catalytic machinery for the life cycle of
HCV. The N-terminal one third of NS3 is a serine protease
domain (Grakoui et al., 1993a) which is believed to cleave the
NS3/4A, NS4A/4B, NS4B/5A and NS5A/5B junctions (Bar-
tenschlager et al., 1993; Eckart ef al., 1993; Hahm et al., 1995),
and, thus, is a potential target for developing therapeutic agents
inhibiting the viral replication. Recently, the three-dimensional
structure of the protease domain were determined by two
groups independently (Kim er al., 1996; Love et al., 1996). The
C-terminal two thirds of the HCV NS3 protein is an RNA
helicase domain exhibiting nucleotide triphosphatase (NTPase)/
RNA helicase activity (Kim ez al., 1995). This domain contains
a conserved sequence of QRxGRxGRxxxG required for ATP
hydrolysis (Gross & Shuman, 1996). The HCV RNA helicase
domain also contains DECH sequence, and belongs to the
DExH protein family. It unwinds DNA/DNA duplexes and
RNA/DNA heteroduplexes as well as RNA/RNA duplexes and
translocates only in the 3’ to 5’ direction (Gwack et al., 1996;
Tai et al., 1996). The NTPase/RNA helicase activity was found
in all the three genera of the positive-strand RNA virus families
of Flaviviridae, Flavivirus, Pestivirus and HCV (Suzich er al.,
1993). Besides, the RNA helicase domains are always found in
relatively large positive-strand RNA viral genomes larger than
5 kb (Koonin, 1991). These reports support the importance of
the RNA helicase activity in RNA viral replication, and
implicate the RNA helicase as a target for developing new
types of antiviral agents. Up to now, there is no report on the
three-dimensional structure of an RNA helicase although a
DNA helicase structure was recently reported (Subramanya et
al., 1996). The structural information of the HCV helicase
domain should lead to a better understanding of the catalytic
mechanism of all other RNA helicases at the atomic level. Here,
we report the crystallization and preliminary X-ray crystal-
lographic analyses of the HCV helicase domain.

2. Protein purification

For overexpression of the helicase domain (471 amino acids) of
NS3, a DNA fragment encoding the helicase domain encom-
passing amino acids 1186-1657 from the cDNA genome of a
HCV strain, group I type 1b, was subcloned in the Nhel site of
the pRSET-A vector. The helicase domain was fused to 14 extra
amino acids (MRGSHHHHHHGMAS) at its N termius for an
affinity chromatographic purification of the protein, and six
extra amino acids (AAAREA) at its C terminus from the
pRSET vector. The vector was introduced into Escherichia coli
BL21 (DE3) strain harboring pLysS plasmid. The expression of
the helicase protein was induced by | mAM isopropyl-p-
thiogalactopyranoside. The protein was purified using an
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