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The Respiratory
Syncytial Virus
Polymerase:

A Multitasking
Machine

Rachel Fearns'.*

Gheck for
updates

Respiratory syncytial virus (RSV) inflicts
a significant toll on human life. An
essential element of the virus is its poly-
merase, a complex capable of tran-
scribing and replicating the viral
genome. In an exciting new advance,
Gilman et al. resolve the structure of
this polymerase, providing valuable
mechanistic insight into its activities.

RSV infects almost everyone worldwide
by the age of two. It is the major cause
of respiratory disease in infants, and it
afflicts the elderly and immunocompro-
mised [1]. As yet, there is no effective
vaccine or antiviral therapy. The RSV
polymerase is an essential component
of the virus. With three enzymatic do-
mains, it is a "target-rich’ complex for
antiviral drug development, and has
subjected
generate live-attenuated vaccine can-

been to mutations to
didates [2,3]. Itis also a fascinating bio-
logical machine, capable of performing
multiple activities to transcribe and
replicate the RSV genome. Despite
the importance of the RSV polymerase
for translational research and basic
biology, until now, its 3D structure re-
mained elusive.

When RSV infects a cell, the viral
genome is released from the virus parti-
cleinto the cell cytoplasm. Itis here that
the genome undergoes two different
processes: transcription to produce
mRNAs required for viral protein syn-
thesis, and replication to produce new
viral genomes for packaging into vi-
rions. The RSV polymerase is capable
of performing all enzymatic activities
required for viral transcription and
genome replication (reviewed in [2]).
The genome is a single strand of nega-
tive-sense RNA coated along its length
with multiple copies of the viral nucleo-
protein. It contains ten genes, which are
each transcribed into capped and poly-
adenylated mRNAs (Figure 1A). To
transcribe the genome, the polymerase
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initiates at a promoter at the 3" end of
the genome and then moves towards
the 5" end, transiently displacing the
nucleoprotein as it progresses. The po-
lymerase is able to generate subge-
nomic mMRNAs by responding to cis-
acting signals that flank each gene. It
initiates RNA synthesis at the beginning
of a gene and cotranscriptionally adds a
guanosine cap to the RNA 5’ end (Fig-
ure 1B), which it then methylates to pro-
duce a cap 1 structure. The polymerase
then elongates the RNA until it reaches
a gene end signal, where it adds a poly
A sequence by repeatedly slippingon a
uridine tract (Figure 1C). Following pol-
yadenylation, the mRNA is released
and the polymerase scans the genome
to locate the start of the next gene
and reinitiate  RNA synthesis, tran-
scribing the remaining genes. During
replication, the nascent RNA is neither
capped nor polyadenylated, but
instead becomes associated with a
growing chain of nucleoprotein as it is
synthesized and is elongated to the
end of the template. The replicative in-
termediate acts as a template for
further rounds of genome synthesis.
Remarkably, the core polymerase
capable of all these activities consists
of a complex of just two proteins, the
large polymerase subunit (L) and phos-
phoprotein (P). The L subunit contains
the RNA-dependent RNA polymeriza-
tion, capping, and methyltransferase
domains. These domains have proper-
ties that distinguish them from cellular
enzymes. For example, it is likely that
capping occurs by an RNA:GDP polyri-
bonucleotidyltransferase rather than
guanylyltransferase activity [4]. The P
protein is required for efficient expres-
sion of L, and for contacting other viral
proteins involved in RNA synthesis,
such as nucleoprotein and a transcrip-
tion elongation factor, M2-1 [5,6].

Now in a breakthrough achievement,
Gilman and coworkers present the
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Figure 1. Schematic Diagrams lllustrating Events in Respiratory Syncytial Virus (RSV)

Transcription and Replication

(A) The RSV genome and the transcription and replication products [2]. Each gene is depicted with a
blue rectangle and is flanked with conserved elements that direct the polymerase during

transcription (white and black boxes). The genome and replicative intermediate antigenome are

coated with nucleoprotein, as indicated with the gray circles. The promoters are shown as green

arrows. (B) Events following initiation at the start of the gene. The three domains of the L protein are
shown in green, with active sites shown as white boxes. The RNA template is shown as a black line,

with gray circles representing nucleoprotein, and the newly synthesized mRNA as a blue line. It is
thought that the 5’ end of the nascent mRNA is channeled from the RNA polymerization domain to

the capping domain, where it is modified with a guanosine cap. Presumably, it then transfers to the
methyltransferase domain to allow the cap to be methylated. (C) The likely mechanism of

polyadenylation. At the end of each gene is a signal containing a U-tract. Itis thought that repeated
slippage of the transcript, relative to the U-tract in the template, leads to addition of the poly A

sequence. Diagrams are not to scale.

structure of the RSV L-P complex [7].
This exciting advance builds on a num-
ber of enabling discoveries. Recombi-
nant RSV L-P was first expressed and
isolated in 2012, and was found to
have properties similar to those of
polymerase in infected cells, establish-
ing its validity for structure-function
studies [8]. In 2015, the 3D structure
of the L protein of a related virus,
vesicular stomatitis virus (VSV), was
described [9]. This, together with
biochemical identified the
three enzymatic domains within L and

studies,

a connector domain, providing the first
glimpse of how the different elements
within L associate together. The RSV

L-P structure provides specific insights
into RSV and expands our understand-
ing of how the polymerase functions.
At a 3.2 A resolution there is sufficient
information to infer the binding sites of
small-molecule inhibitors and to ratio-
nalize mechanisms underlying resis-
tance to them. It also affords a mecha-
nistic understanding of an attenuating
mutation in a vaccine candidate virus.
Of particular significance, the relation-
ship between L and P can be clearly
observed. P forms a tetramer, which
associates with a large surface area of
L, giving it the potential to influence
multiple activities. Each P monomer
has an extended unstructured arm con-
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taining residues necessary for interact-
ing with nucleoprotein and M2-1.
Thus, we can begin to speculate how
L-P might connect with the other
key players of transcription/replication
complexes. Comparison of the VSV
and RSV polymerase structures also
provides an insight into different
structural states that the polymerase
adopts. The VSV L structure appears
to reflect the polymerase in the preini-
tiation state, in which a loop containing
a priming residue [10], an amino acid
capable of forming base-stacking inter-
actions with the initiating nucleoside
triphosphates (NTPs), protrudes into
the active site of the polymerization
domain. In contrast, the RSV L-P struc-
ture appears to be in an elongation
mode, with this loop flipped away
from the polymerization active site
and more integrated with the capping
domain. The capping domain is orga-
nized slightly differently, perhaps re-
flecting an active conformation, and
whereas the connector and methyl-
transferase domains were resolved in
the VSV L structure, they could not be
resolved in that of RSV L-P. This might
reflect flexibility to allow the methyl-
transferase proximity to the capping
domain during RNA synthesis. Thus,
comparison of the VSV L and RSV L-P
structures provides some understand-
ing of the conformational changes
that the polymerase undergoes as it
navigates between different activities.

This RSV polymerase structure will
significantly advance drug develop-
ment efforts and has the potential to
allow for rational design of attenuated
virus vaccines to help combat this
important human pathogen. It also pro-
vides insight into the intricate interplay
of moving parts required for the multi-
ple different events in viral RNA synthe-
sis. Many questions remain, but resolu-
tion of this structure represents a leap
forward in the field that will allow



studies into this extraordinary protein
complex to flourish.
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