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Unique Composite Active Site of the Hepatitis C
Virus NS2-3 Protease: a New Opportunity for
Antiviral Drug Design
Zucai Suo[a] and Mohd Amir F. Abdullah[b]

Hepatitis C virus (HCV), the leading
cause of non-A and non-B viral hepatitis,
is a plus-stranded RNA about 10 kb in
length, and its organization is similar to
that of members of the family Flaviviri-
dae.[1–3] The genome encodes a single
precursor protein that includes structural
and nonstructural proteins.[2,4] The pre-
cursor protein is proteolytically process-
ed by both host signal peptidases and
viral proteases to produce at least 10
viral proteins: Core, E1, E2, p7, NS2, NS3,
NS4A, NS4B, NS5A, and NS5B.[4–6] Host
signal peptidases cleave at the Core/E1,
E1/E2, E2/p7, and p7/NS2 junctions in
the precursor protein, while the HCV-en-
coded NS3-NS4A serine protease com-
plex cleaves the NS3/NS4A junction
in cis (on the same polypeptide)[7] and
the NS4A/NS4B, NS4B/NS5A, and NS5A/
NS5B junctions in trans (on a different
polypeptide).[8] The NS2/NS3 junction
cleavage is thought to be self-processed
by another virally encoded protease,
NS2-3, in cis.[9–11] However, this mecha-
nism may need to be changed based on
the X-ray crystal structure of the catalytic
domain (NS2protease, Figure 1a) of the
NS2-3 protease[12] published recently by
Lorenz, Marcotrigiano, and colleagues.
The NS2-3 protease, a cysteine pro-

tease, consists of residues 94–217 of NS2
and residues 1–181 of NS3. The NS2
region that forms the catalytic domain

NS2protease does not share any clear se-
quence homology with known proteolyt-
ic enzymes, and its structure shows a
novel protein fold.[12] Surprisingly, the au-

thors found that the NS2protease forms a
homodimer containing two composite
active sites: residues His143 and Glu163
from chain A and Cys184 from chain B
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Figure 1. The active site of NS2protease.[12] a) The locations of the two composite active sites in the
NS2protease dimer (chain A in red, chain B in blue) are shown as boxed regions. The solid-lined box repre-
sents the active site displayed in part b. b) The NS2protease active site residues His143 and Glu163 (from
chain A), and Cys184 (from chain B) are shown in stick representation. Part of chain B is not shown to
clarify the active site region because it overlaps with the active site residues.
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(Figure 1b). Further biochemical charac-
terization using active site mutants
strongly supports these data. In addition,
these three NS2protease active site residues
share a similar spatial distribution with
the active sites from cysteine proteases
such as papain[13] and poliovirus 3C pro-
tease.[14] Furthermore, the orientation of
Cys184 is similar to those of the catalytic
serine residues of Sindbis virus capsid[15]

and the cellular protease subtilisin.[16]

Although the crystal structure of
NS2protease is instructive, the approaches
used in the studies of Lorenz et al.[12]

raise some important questions. The
truncated NS2 protein used for growing
crystals and ultimately used to solve the
NS2protease structure is an inactive pro-
tease, based on previous studies in
which the minimal region required for
NS2-3 protease activity was deter-
mined.[9–11] The presence of the NS3 sub-
domain in the NS2-3 protease may
change the structure of NS2protease consid-
erably. The biochemical studies carried
out by Lorenz et al. using active site mu-
tants (H143A and C184A)[12] seem to sup-
port the credibility of the NS2protease

structure. However, a previously pub-
lished study suggests that the active site
mutants cannot efficiently form dimers
in comparison with the wild-type pro-
tease, thus rendering them inactive.[9]

Therefore, do the active site mutations
only affect the NS2-3 active site by re-
moving critical amino acids involved in
the protease catalytic triad (while still al-
lowing proper NS2 dimer formation),[12]

or, as previous results suggest, do these
mutations affect the overall protein fold-
ing?[9] In addition, previous results that
show cleavage of the C993A mutant
(analogous to C184A) in trans by wild-
type NS2-3[10] seem to contradict the hy-
pothesis of Lorenz and co-workers[12]

that the Cys!Ala mutation is supposed
to prevent same-chain cleavage. Perhaps
the in trans cleavage mode of action be-
haves very differently from the mode of
action proposed by Lorenz et al.
Overall, the NS2protease structure con-

tributes greatly to the current knowl-
edge of HCV biology and provides valua-
ble information that might someday
help control hepatitis C disease. The cur-
rent standard treatment for chronic hep-
atitis C patients includes combination
therapies of either PEG–interferon a2-a
plus ribavirin or PEG–interferon a2-b
plus ribavirin. However, these treatments
do not work on all HCV-infected patients,
so more drugs are needed. New pro-
tease-inhibitor-based drugs (SCH 503034
by Schering–Plough and VX-950 by
Vertex Pharmaceuticals), which have
shown very promising results in clinical
trials, are under development. These in-
hibitors target the active site of the NS3-
NS4A serine protease complex. Process-
ing of the NS2/NS3 junction is thought
to be essential for the normal infectious
cycle of HCV, suggesting that the NS2-3
protease is an attractive drug target. A
cell-based assay has thus been devel-
oped to screen for small-molecule inhibi-
tors that target the NS2-3 protease.[17]

The NS2protease structure (Figure 1) will
provide structural guidance for the de-
velopment of inhibitors directed against
the active site cleft of the NS2-3 pro-
tease and other conserved features of
the protein.[12] The effectiveness, howev-
er, of NS2-3 protease inhibitors in halting
HCV replication and infection remains to
be shown.
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