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Chapter 504

Sindbis Virus nsP2 Endopeptidase

DATABANKS

MEROPS name: sindbis virus-type nsP2 peptidase
MEROPS classification: clan CN, family C9, peptidase
C09.001

Species distribution: known only from Sindbis virus
Reference sequence from: Sindbis virus (UniProt:
P03317)

Name and History

Sindbis virus (family Togaviridae, genus Alphavirus) is an
animal virus with a single molecule of positive-strand
RNA 11703 nucleotides in length as its genome. The
genomic RNA is a message for production of four non-
structural proteins which are translated in the cytoplasm of
the infected cell as two polyproteins, P123 (1896 amino
acids) and P1234 (2513 amino acids, produced by read-
through of an opal termination codon at position 1897).
The P1234 polyprotein is processed by the nsP2 protein-
ase through a series of cleavage intermediates into the four
final products nsP1, nsP2, nsP3 and nsP4, named in order
5’ to 3’ along the genome. Since cytoplasmic, nonorga-
nelle-bound proteinases are rare in animal cells, a virally
encoded activity was predicted as early as 1981 [1]. The
proteinase was localized to the C-terminal half of nsP2 by
translation in vitro of RNA transcribed from deleted or
truncated full-length ¢cDNA clones of Sindbis virus.
Deletions within nsP1, nsP3 and nsP4 did not affect prote-
olysis, but deletions in the C-terminal half of nsP2 abol-
ished proteinase activity, and deletions in the N-terminal
half of nsP2 led to aberrant processing [2,3]. At the same
time, several mutations that rendered the proteinase tem-
perature sensitive were found to lie in the C-terminal half

of nsP2 [4]. Site-specific mutagenesis of Cys and His resi-
dues in this domain that are conserved among alphaviruses
later showed that Cys481 and His558 are essential for pro-
teolytic activity, and it was proposed that these constitute
the catalytic dyad of a cysteine proteinase [5].

Activity and Specificity

The only known substrates for the Sindbis nsP2 protein-
ase are the Sindbis non-structural polyproteins (P123 and
P1234) and their cleavage intermediates (which include
P12, P23 and P34). The consensus cleavage site is (Ala/
Ile/Val/Ser)-Gly-(Ala/Xaa) | (Ala/Tyr). Mutational studies
have demonstrated that the invariant Gly in the P2 posi-
tion is essential for efficient cleavage; changing this Gly
to Ala led to substantially slower cleavage of the mutated
site, and substitution with Val or Glu rendered the site
completely uncleavable [6]. Similarly, an Ala or Gly was
found to be essential in the P1 position for efficient cleav-
age in Sindbis virus (Cys was not tested) [7]. The enzyme
is relatively insensitive to the identity of the residue in
the P1’ position, however [7]. It is thought that additional
determinants of specificity must exist, since these are the
only sites cleaved by the enzyme. In this regard it has
been shown that different polyproteins containing the
nsP2 proteinase differ in their preferences for the three
cleavage sites, suggesting that cleavage-site recognition
involves more extensive interactions than the simple rec-
ognition of a short linear sequence by the enzyme [7].

Structural Chemistry

Sindbis nsP2 is a polypeptide of 807 amino acids encoded
by nucleotides 1680—4100 of the genome. The N-
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terminal half of the protein is believed to be a helicase
required for RNA replication. The C-terminal domain
between residues 460 and 807 constitutes the proteinase
[2]. Both Cys481 and His558, the putative catalytic dyad,
are followed by tryptophan residues, and Trp559 has been
shown to be essential for proteolysis. These two aromatic
residues may interact (stack) to maintain proper confor-
mation of the catalytic pocket [5]. Substitution of Asn614
by Asp enhances cleavage; an Asn residue has been
shown previously to be associated with the catalytic
pocket in papain [8]. Mutations Phe509Leu, Ala517Thr,
Asp522Asn and Gly748Ser have been shown to render
the proteinase temperature sensitive in vivo; these muta-
tions are believed to alter the structure of the protein [9].
The proteinase has been hypothesized to be related to
papain on the basis of alignment studies [10,11], but there
is very limited sequence identity between the nsP2 pro-
teinase and papain to support this hypothesis [5]. No
structural studies of the enzyme have been produced to
date.

Preparation

Sindbis virus has a very wide host range and tissue distri-
bution, and infects many types of cells in culture, includ-
ing avian, mammalian and mosquito cells. The genome of
the infecting virus is a messenger RNA from which the
non-structural proteins are translated in the cytoplasm of
infected cells. Both nsP2 and polyproteins containing
nsP2 have also been expressed by translation in reticulo-
cyte lysates of virion RNA or of in vitro transcribed RNA
[2,3,5,7,12], and by translation in bacteria or in mamma-
lian cells of appropriate constructs [13,14].

Biological Aspects

Both nsP2 and polyproteins containing nsP2 are active
proteinases, but they differ in their site preferences. The
activities of the enzyme have been studied both in vitro
(referenced above) and in infected or transfected cells
[6,7,9,12,14,15]. In many of these studies, site-directed
mutagenesis was used to destroy cleavage sites or to inac-
tivate the proteinase. These studies have shown that
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P1234 can cleave itself autoproteolytically in cis to give
P123 and nsP4, whereas P123 can be cleaved only in
trans. Cleavage of P123 by another P123 molecule or by
P12 produces nsP1 and P23, whereas cleavage by P23
produces predominantly P12 and nsP3. Finally, enzymes
that lack nsP3 (that is, nsP2 or P12) cannot cleave the
nsP3/nsP4 site. These preferences lead to a temporal regu-
lation of RNA synthesis during the infection cycle. Early
in infection P123 and nsP4 are produced, and together
with host factors these form a replicase complex that
synthesizes negative-strand RNA. Cleavage of P123 in
the replicase complex produces a replicase that synthe-
sizes positive-strand RNAs very efficiently, but cannot
make negative strands [14,15]. As the concentration of
trans-acting proteinases builds up, the non-structural
polyprotein is cleaved while nascent at the nsP2/nsP3
site, and the products produced are nsP1, nsP2, nsP3 and
P34. Negative-strand RNA synthesis is then shut off,
because the cleaved products cannot form a negative-
strand replicase. The use of the non-structural proteinase
to control the RNA developmental pathway represents an
interesting evolutionary adaptation of the need of viruses
to encode proteinases to process polyproteins in the cell
cytoplasm.

Related Peptidases

All alphaviruses encode nsP2 proteinases that share more
than 50% amino acid sequence identity. Sequences of
nsP2 proteinases that have been deposited in the databases
include those for Sindbis virus, eastern equine encephalitis
virus, O’nyong-nyong virus, Ross River virus, Semliki
Forest virus, Venezuelan equine encephalitis virus, west-
ern equine encephalomyelitis virus, Barmah Forest virus,
Mayaro virus, and Sagiyama and Aura viruses.

All alphavirus non-structural cleavage sites are of sim-
ilar form (Table 504.1) (reviewed in Strauss & Strauss
[16]).

The extensive sequence similarity between the nsP2
proteinases and the similarity in the cleavage sites suggest
that the proteinases must be very similar to one another,
but no tests of cross-cleavage have been done to deter-
mine how specific each enzyme is for its own substrate.

TABLE 504.1 Substrate sequences of alphavirus nonstructural proteinase cleavage sites.

P4 P3 P2 P1 P1— P2— P3— P4—
nsP1/nsP2 Xaa Ala/lle Gly Ala/Glu | Ala/Gly Xaa Val Glu
nsP2/nsP3 Xaa Ala/Val/Ser Gly Ala/Cys/Arg/Ser | Ala Pro Ser/Ala Tyr
nsP3/nsP4 Xaa Ala/Val Gly Ala/Gly | Tyr lle Phe Ser
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Similar papain-like endopeptidases, which may have a
common evolutionary origin, have been reported for a
number of plant and animal viruses, including rubella
virus, a number of coronaviruses, a number of poty-
viruses, a tymovirus and hypovirulence-associated virus
of fungi [5,11].

Further Reading

Ten Dam et al. [17] have reviewed the cysteine pepti-
dases of the Togaviridae.
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