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The 241-kDa large (L) protein of vesicular stomatitis virus (VSV) is the multifunctional catalytic component
of the viral RNA polymerase. A protocol has been developed for the synthesis of recombinant L protein that
will support viral mRNA synthesis in vitro. COS cells were transfected with a transient expression vector
(pSV-VSL1 [M. Schubert, G. G. Harmison, C. D. Richardson, and E. Meier, Proc. Natl. Acad. Sci. USA
82:7984-7988, 1985]) which contains the simian virus 40 late promoter for the transcription of a cDNA copy
of the L protein of the Indiana serotype of VSV. Cytoplasmic extracts of these cells efficiently transcribed VSV
mRNAs in vitro in conjunction with N protein-RNA template purified from virus and recombinant
phosphoprotein synthesized in Escherichia coli. mRNA synthesis was completely dependent upon addition of
both bacterial phosphoprotein and extracts from cells transfected with the L gene. Extracts from mock-
transfected cells or from cells transfected with the expression vector alone did not support VSV RNA synthesis.
RNA synthesis was proportional to the concentration of cell extract used, with an optimum of 0.2 mg/ml.
Rhabdoviruses and paramyxoviruses contain a highly conserved GDNQ motif which was mutated in the
transfected L gene. All constructs with mutations within the core GDN abrogated transcriptional activity
except for the mutant containing GDD, which retained 25% activity. Conserved amino acid changes outside of
the core GDN and changes corresponding to other paromyxovirus and rhabdovirus L proteins retained
variable transcriptional activity. These findings provide experimental evidence that the GDN of negative-
strand, nonsegmented RNA viruses is a variant of the GDD motif of plus-strand RNA viruses and of the XDD

motif of DNA viruses and reverse transcriptases.

The genome RNA of positive-strand RNA viruses can
immediately be translated upon uncoating within a cell,
allowing synthesis of the viral transcriptional machinery
required for subsequent mRNA synthesis and replication.
This is not the case with negative-strand RNA viruses, as the
genomic RNA is not mRNA sense. As a result, these viruses
must contain all the viral (and host?) proteins required for
primary mRNA synthesis within the infected cell. In the case
of vesicular stomatitis virus (VSV), detergent-disrupted vir-
ions can direct mRNA synthesis in vitro efficiently, making
it a model virus for the study of transcription and its
regulation in vitro for many years (1, 2).

Only three of the virus-encoded proteins within the VSV
particle are required for RNA synthesis (11). The nucleocap-
sid (N) protein encapsidates the negative-strand genome
RNA, forming the N-RNA complex, which is the only form
in which the RNA is recognized by the other components of
the viral transcriptional machinery. The RNA polymerase of
VSV contains two viral proteins (11): the phosphoprotein (P
protein), which is a noncatalytic transcription factor known
also as the nonstructural (NS) protein; and a large (L)
protein, which is the presumptive RNA-dependent RNA
polymerase. The N-RNA complex, the P protein, and the L
protein can each be separately isolated from purified virions
and added back to each other to reconstitute mRNA synthe-
sis (8, 11).

The best studied of these three viral proteins at the
molecular level is the P protein, primarily because recombi-
nant P protein can be translated in vitro (15) or in Es-
cherichia coli (3), which will support transcription of the
N-RNA template in association with L protein purified from
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virions. Molecular analysis of recombinant VSV N protein is
also currently under way (7a).

The least understood, and perhaps the most interesting,
component of the VSV RNA polymerase is the L protein.
The L protein does not function as an RNA-dependent RNA
polymerase unless associated with the P protein. The L
protein appears to be multifunctional because many of the
catalytic requirements of VSV mRNA synthesis have been
assigned to the L protein; these requirements include RNA
initiation and elongation (10), polyadenylation (19), guany-
lylation and methylation of nascent transcripts (18), and
phosphorylation of the P protein to a transcriptionally active
state (4). However, most of these properties have been
demonstrated only indirectly by biochemical or complemen-
tation studies, and none have been assigned to specific
regions of the L protein. Thus, the precise function of the
multifunctional L protein of VSV is not as well understood
as the functions P and N proteins because of its extreme
size: at 241 kDa, it cannot be expressed as a recombinant
molecule either in vitro from mRNAs transcribed from
recombinant DNA or in E. coli (2a). Thus, manipulation of
the L protein at the amino acid level to examine the
individual catalytic processes of VSV transcription has not
proven possible. Moreover, while there are conserved
blocks of amino acid homology, there is relatively little
overall amino acid sequence conservation between the L
proteins of different viruses, complicating comparative stud-
ies (5, 28).

However, recombinant L protein has been expressed in
vivo in transfected COS cells (31) from a cDNA copy of the
L gene inserted into a eukaryotic transient expression vector
(34) under control of the late promoter of simian virus 40
(SV40). The expressed L protein was detectable by immu-
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noprecipitation and was biologically active by virtue of its
ability to complement L-deficient VSV mutants (31).

Using this SV40-based transient expression system, we
have also transfected COS cells to produce biologically
functional L protein. Initially, our aim was to purify the
recombinant L protein synthesized in the transfected cells to
reconstitute VSV transcription in vitro. However, we devel-
oped a simpler protocol using crude cytoplasmic extracts
(33) from these transfected cells that will efficiently support
VSV transcription in vitro in conjunction with N-RNA
template purified from virions and recombinant P protein
expressed in bacteria (3). This system has allowed, for the
first time, mutational analyses of the RNA polymerase of a
negative-strand, nonsegmented RNA virus. Finally, in this
report, we provide evidence that a conserved GDN motif is
a variant of the GDD motif found in many other RNA-
dependent RNA polymerases and the XDD motif of DNA-
dependent RNA polymerases (23).

MATERIALS AND METHODS

Plasmids. pSV-VSL1 (31), which contains the L gene of
the Indiana serotype of VSV [VSV(I)] under the transcrip-
tional control of the SV40 late promoter in the transient
expression vector pJC119, was generously provided by
Manfred Schubert. pJC119 (34) was reconstructed from
pSV-VSLL1 by excision of the L cDNA by digestion with
Xhol and religation. pET-3a-P(I) (3), which expressed
VSV(I) P protein [P(I)] in E. coli, was provided by Sailen
Barik.

Site-directed mutagenesis of the L gene. The conserved
GDNQ motif of the L genes of rhabdoviruses and paramyx-
oviruses (28) is directly adjacent to a unique Dralll site
within pSV-VSLI1. Digestion of pSV-VSLI1 at this Dralll
site, which cuts at nucleotide 2137 of the L(I) gene, and a
unique Sacl site (which cuts at nucleotide 2440) removed a
303-nucleotide fragment which was replaced by polymerase
chain reaction (PCR)-amplified products containing the re-
spective mutations. Oligonucleotides containing the muta-
tions in the GDNQ motif therefore spanned the Dralll site
and the GDNQ motif and extended for a further 20 nucle-
otides. The upstream oligonucleotide for PCR was comple-
mentary to nucleotides 2447 to 2771 of the L gene, resulting
in PCR products which contained the unique Sacl site at
2436 (5). Mutant L sequences were identified by sequencing
the amplified 220-nucleotide region in its entirety, ensuring
that additional mutations were not introduced by amplifica-
tion. Plasmids were banded on cesium chloride gradients
twice prior to transfection.

Transfection of COS cells. COS cells were routinely trans-
fected with L-containing plasmids at a confluence of 50 to
80% in 60-mm-diameter culture dishes. Supercoiled DNA
(10 ng) was transfected by using Lipofectin (GIBCO-BRL)
via the proprietary protocol. Cells were incubated for 24 h in
Opti-MEM (GIBCO-BRL) to allow uptake of transfected
DNA then incubated in Dulbecco’s modified Eagle media
supplemented with 10% fetal bovine serum for 48 h to allow
expression of the L protein.

Preparation of cytoplasmic extracts. Cytoplasmic extracts
which retained L activity were prepared as described for the
isolation of cellular casein kinase II (33). Cells were washed
three times with phosphate-buffered saline and then incu-
bated on ice for 5 min in 1 ml of ice-cold hypotonic
homogenization buffer (20 mM N-2-hydroxyethylpiperazine-
N'-2-ethanesulfonic acid [HEPES; pH 7.4], 10 mM KCl, 1.5
mM MgCl,, 1 mM dithiothreitol). Cells were scraped into the
buffer, transferred to a 7-ml Dounce homogenizer, and
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disrupted by 50 strokes. Cellular debris and nuclei were
removed from the extract by centrifugation at 13,000 rpm at
4°C for 30 s. Extracts, which contained 0.2 to 0.6 ng of total
cell protein per pl, were aliquoted and stored at —80°C.

VSV RNA synthesis in vitro. The N-RNA template for in
vitro transcription was isolated from purified virions, and
recombinant P(I) was purified from E. coli harboring an
expression plasmid containing P(I) cDNA (3). Transcription
reaction mixtures (20 pl) contained 0.5 to 5 pg of cytoplas-
mic extract, 40 U of RNase inhibitor, 50 ng of actinomycin
D, 2 pg of N-RNA, and 25 ng of bacterial P protein in VSV
transcription buffer (50 mM Tris-HCI [pH 8], 5 mM MgCl,,
0.5 mM dithiothreitol, 1 mM each ATP, GTP, and UTP, 50
wM CTP). Mixtures were incubated for 180 min at 30°C and
then processed as described previously (3). RNA synthesis
was monitored by the incorporation of [*?P]JCTP and was
visualized by autoradiography of 6% denaturing polyacryl-
amide gels. RNAs were quantified by using a Bio-Rad model
620 densitometer and IID Analyst software. Extracts re-
tained transcriptional activity for 2 to 4 weeks, although
assay of L mutants for transcription was routinely done
within 1 week of preparation.

Western immunoblotting. L protein synthesis in trans-
fected cells was monitored by Western blot analysis using a
primary rabbit antibody to a synthetic peptide corresponding
to the amino-terminal 5 to 19 residues of the L protein of
VSV(I), which was also generously provided by Manfred
Schubert. Total protein (40 pg) of each cytoplasmic extract
was fractionated on a 7.5% denaturing polyacrylamide gel
and then transferred to GeneScreen-Plus (NEN-DuPont).
After blocking and probing with the primary antibody,
membranes were probed with peroxidase-linked goat anti-
rabbit immunoglobulin G and the complex was detected by
enhanced chemiluminescence (Amersham). L synthesis was
quantified by densitometry of the X-ray film, and extracts
were diluted with a cytoplasmic extract of mock-transfected
COS cells such that both the concentrations of L protein and
the total protein concentrations were equivalent.

RESULTS

Recombinant L protein transcribes VSV mRNAs in vitro.
COS cells were transfected with the expression plasmid
pSV-VSL1, which was previously shown by complementa-
tion studies to direct the synthesis of biologically active L
protein (31). Crude cytoplasmic extracts were prepared from
these cells and added to VSV transcription reactions in vitro
that also contained the N-RNA template purified from viri-
ons and bacterial, recombinant P protein. Results are pre-
sented in Fig. 1.

No VSV mRNA synthesis was observed when viral
N-RNA was incubated alone or with bacterial P(I), indicat-
ing that the template did not contain detectable amounts of L
protein. No RNA synthesis was observed when N-RNA was
incubated with P protein together with extracts of either
mock-transfected cells or cells transfected with the expres-
sion vector pJC119, which did not contain L cDNA. How-
ever, addition of extracts from cells transfected with pSV-
VSL1 to the N-RNA and P protein resulted in the efficient
synthesis of VSV mRNAs. Alignment of these transcripts
with RNAs synthesized by disrupted virus particles (not
shown) indicated that they correspond in size to, and pre-
sumably are, the mRNAs for the G, N, P, and M proteins of
VSV. VSV mRNA synthesis did not occur when N-RNA
was incubated with extracts of cells transfected with L
protein but without bacterial P protein (data not shown).
These results confirm that the L protein of VSV is synthe-
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FIG. 1. Reconstituted VSV transcription using recombinant L
and P proteins. Cells were transfected when 80 or 100% confluent.
Reaction mixtures contained 300 ng of N-RNA purified from virus,
with or without 25 ng of P(I) purified from bacteria or 0.5 pg of
protein equivalent of cytoplasmic cell extract. After incubation for 3
h at 37°C, the poly(A) tails of nascent transcripts were removed by
treatment with RNase H, and then the transcripts were purified by
phenol-chloroform extraction and precipitation with isopropanol.
[3?P]CTP-labeled transcripts were analyzed on a 6% denaturing
polyacrylamide gel, which was exposed for 7 days.

sized in sufficient quantities in transfected COS cells to not
only complement in vivo replication of L-deficient VSV
mutants as observed previously (31) but also support in vitro
RNA synthesis.

In these preliminary experiments, COS cells were trans-
fected at various confluences. Expression of L protein in
terms of in vitro RNA synthesis was most efficient when
cells were 60 to 80% confluent and was greatly decreased
when cells were 100% confluent (Fig. 1), presumably be-
cause transfection efficiency with Lipofectin decreases with
increasing cell confluence (proprietary notes).

Synthesis of VSV mRNAs is proportional to the amount of
cell extract used. The transcription reactions described so far
contained 1 pg of each cytoplasmic extract. In another set of
experiments, incubations containing increasing amounts of
cell extract were used to determine the optimum concentra-
tion of cytoplasmic extract (Fig. 2). VSV RNA synthesis was
proportional to the concentration of cell extract added up to
4 pg of protein per 20-pl reaction, which was used in
subsequent reactions. Surprisingly, transcription at this rel-
atively high concentration of cell extract was not inhibited
by the addition of cellular RNases or proteases. Addition of
increasing amounts of extract from cells transfected with
pJC119 did not result in VSV mRNA synthesis.

Another experiment (data not shown) in which the amount
of L protein was increased but the amount of total cellular
protein remained the same resulted in a similar titration
curve.

Sequence comparison of paramyxovirus and rhabdovirus L
proteins. The protocol described for the reconstitution of
VSV transcription in vitro using recombinant L protein
allows, for the first time, systematic delineation of the
various catalytic functions of the L protein by site-directed
mutagenesis. Our first objective was to examine the role of a
GDNQ motif that is conserved in all nonsegmented negative-
strand viruses in terms of both sequence and position within
the molecule. The primary structures of the L proteins of a
number of rhabdoviruses and paramyxoviruses have been
determined to date, including: those of the Indiana (30) and
New Jersey (5, 12) serotypes of VSV, rabies virus (35),
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FIG. 2. Dose-response of VSV transcription with increasing
amounts of cytoplasmic extract from cells expressing L protein.
Also shown is the effect of adding extracts of cells transfected with
the vector (pJC119) alone to the transcription reactions. Transcripts
were analyzed as described in the text, and the gel was exposed for
48 h. RNA synthesis was quantified by densitometry.

Sendai virus (32), Newcastle disease virus (36), measles
virus (6), human parainfluenza viruses (24) and 3 (14), simian
virus 5 (25), and sonchus yellow net virus (7). The role of the
GDNQ motif, which is conserved in all of these viruses, has
been the focus of considerable speculation.

Comparison of the amino acid sequences of many RNA-
dependent RNA and DNA polymerases has revealed some
regions of homology (23, 29). In particular, plus-strand RNA
viruses contain a conserved GDD motif located within a
region of hydrophobic residues which is probably involved
in template recognition or binding or in phosphodiester bond
formation. The L proteins of most negative-strand nonseg-
mented RNA viruses do not contain a GDD triplet; if there is
one, there is no conservation of this motif with respect to
position within the molecule or positions of surrounding
hydrophobic residues. However, a GDNQ sequence is con-
served in all paramyxoviruses and rhabdoviruses examined
to date (28) (Fig. 3), and most reports of the sequences of L
genes (reviewed in references 25 and 28) have suggested that
this is a variant of the GDD motif of plus-strand RNA viruses
(23). We have examined this proposal experimentally by
using a series of mutations of the VSV L protein.

Site-directed mutagenesis of the VSV L protein. The con-
served GDNQ motif of the L protein of VSV(I) is located
between amino acid residues 712 and 715. We amplified a
303-nucleotide fragment of the L gene containing various
mutations and introduced these mutations into the L gene by
using the unique Dralll and Sacl sites of pSV-VSLI1. The
Dralll site includes the codon encoding the G of the con-
served motif, so this position remained invariant throughout
this study. However, we constructed a series of mutations
which modified the conserved region from the aspartic acid
residue onward. These mutations are shown in Fig. 4.

Comparison of the amino acid sequences of rhabdoviruses
and paramyxoviruses within this region (Fig. 3) reveals that
there is also considerable sequence conservation outside of
the conserved GDN motif. We therefore took two ap-
proaches to the systemic mutational analysis of this region:
(i) we introduced conserved and nonconserved amino acid
changes at sites of interest, and (ii) we introduced mutations
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FIG. 3. Sequence comparison of the conserved GDNQ motifs
and flanking sequences of rhabdoviruses and paramyxoviruses. The
region shown corresponds to amino acids 710 to 725 of the L protein
of VSV(I). Also shown are the relative positions of the GDNQ and
other conserved blocks (5, 23, 28) within L(I). RV, rabies virus;
SYNV, sonchus yellow net virus; NDV, Newcastle disease virus;
SV, Sendai virus; MV, measles virus; SV5, simian virus 5; PF2,3,
human parainfluenza virus 2 and 3; RSV, respiratory syncytial virus.

that altered the VSV sequence at specific residues such that
it resembled the sequences of other rhabdoviruses or
paramyxoviruses. The latter mutations were made in the
hope of discerning potential evolutionary relationships be-
tween the different viruses by virtue of retention of tran-
scriptional activity.

Eleven mutations of the VSV L protein within the con-
served GDNQ motif and downstream of this sequence were
constructed (Fig. 4). Each mutant was transfected and
examined for transcription in at least three separate experi-
ments. Figure 5 shows a Western blot of each cytoplasmic
extract probed with an antibody to a synthetic peptide
corresponding to the carboxy terminus of L(I). Synthesis of
L protein was quantified by densitometry of the Western blot
(Fig. 5). Each extract was mixed with the extract of mock-
transfected cells such that the final transcription reactions
contained both the same amount of total soluble protein and
the same amount of mutant or parental L protein. RNA
synthesis was assayed, and the results were collated graph-
ically by densitometry of the autoradiograph (Fig. 6).

Parental L AQGDNQVIC
1IDE - - - -E - - - - -
2DA - - - - A - - - - -

FIG. 4. Single amino acid mutants of the L protein of VSV(I)
constructed within and flanking the conserved GDNQ motif.
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FIG. 5. Detection of L protein synthesis in transfected cells by
Western blotting and enhanced chemiluminescence. The equivalent
of 20 g of total protein of each transfected cell extract was
fractionated on a 7.5% polyacrylamide gel, electroblotted onto
GeneScreen (Amersham), and probed with a rabbit antibody against
the amino termini of the L protein. L protein was detected by
enhanced chemiluminescence by using a peroxidase-linked goat
anti-rabbit secondary antibody. The positions of protein size mark-
ers are indicated at the right.

All VSV mutants directed the synthesis of full-length L
proteins in transfected cells, determined by immunoreaction
against antibodies directed against a synthetic peptide cor-
responding to the amino termini (Fig. 5) of VSV. Failure of
a particular mutant to transcribe cannot, therefore, be attrib-
uted to defective synthesis of L protein due to deletion or
introduction of a stop codon outside of the PCR-amplified
region. Mutants which did not support VSV transcription in
vitro were tested by using plasmid preparations grown from
two separately isolated clones.

All mutations of the D or N residue of the core GDN
abrogated RNA synthesis except one. Mutant L3ND con-
tained a D residue in place of the N within the GDN motif
and retained 27% transcriptional activity compared with the
parental L protein. The observation that a recombinant L
protein containing GDD is transcriptionally active is strong
evidence that the GDN motif of these viruses represents a
variant of the GDD of positive-strand RNA viruses. More-
over, the highly conserved Q residue of the GDNQ sequence
must remain invariant, since a conserved mutation (Q to N)
retained only about 5% of the transcriptional activity of the
parental L protein. \

A number of changes were made in the three amino acids
downstream of the GDNQ, which show little conservation
between different rhabdoviruses and paramyxoviruses. All
such mutations retained transcriptional activity whether
they were conserved changes, nonconserved changes, or
changes which reflected the amino acid sequences of other
viruses. However, the extents of transcriptional activity of
these mutants varied. For example, mutation of the valine
downstream of the GDNQ to alanine, as seen in Sendai
virus, simian virus 5, and human parainfluenza viruses 2 and
3, retained full transcriptional activity. In contrast, mutation
of this valine to a leucine or a threonine (as in measles virus)
resulted in considerably less transcriptional activity.
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FIG. 6. Synthesis of VSV mRNAs in vitro by parental and
recombinant VSV L proteins. Equal amounts of each cell extract
containing equal amounts of L protein were used in VSV transcrip-
tion reconstitution reactions as described in the text. mRNAs were
quantified by densitometry of the autoradiograph, which was the
result of a 24-h exposure. The position of each mutation between
amino acids 714 (D) and 719 (C) is indicated below the histogram.

DISCUSSION

We have described a protocol for the synthesis of tran-
scriptionally active, recombinant L protein of VSV. This is
not the first report of a recombinant L protein of a negative-
strand RNA virus; the L protein of VSV(I) has been ex-
pressed in vivo by rescuing VSV mutants (31) or replicating
defective interfering particles (26, 27), and the L protein of
the segmented, negative-strand Bunyamwera virus has been
shown to replicate one of the genomic RNAs when ex-
pressed in vivo (22). One advantage of the system described
here over these other protocols, which rely on viral or
subviral replication as an assay for L protein function, is that
the individual catalytic functions of the L protein can be
delineated more easily in vitro. For example, a mutation that
abrogates capping but not RNA synthesis per se could be
introduced into a recombinant L protein. Such a lesion could
be characterized in vitro but would probably simply result in
failure of the virus (or subviral particle) to replicate in an in
vivo assay. Moreover, a technical advantage of the protocol
described here over other systems for examining L proteins
is that the SV40 expression vector was found to be quite
sufficient for the synthesis of enough L protein to support in
vitro transcription; the rather more complex vaccinia virus
expression system (13), which introduces another virus and
its associated polymerase into the picture, is not required.

Structure-function analyses of the large, multifunctional L
protein have been initiated by mutational studies of a GDNQ
sequence which is conserved in negative-strand, nonseg-
mented RNA viruses. Results have largely confirmed that
the GDN motif is a variant of the GDD of positive-strand
RNA viruses (23), a prediction which has been made previ-
ously on the basis of several sequence comparisons. Little
sequence conservation was required outside of the GDNQ
motif for transcription. Perhaps the strict sequence homol-
ogy of the three VSV L proteins sequenced to date (NJoggens
NJtazethurst a10 Iypuad-summers) flanking the GDNQ reflects a
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structural requirement for a cotranscriptional catalytic
event, e.g., polyadenylation or capping.

Mutational analysis of the YGDD motif of the RNA poly-
merase gene of poliovirus (21) and Bunyamwera virus (22)
obtained results similar to those described here; i.e., although
very few mutations within the GDD motif were compatible
with transcriptional activity, not all of the mutations were
lethal. In contrast, any modification of the YGDD of QB
resulted in loss of transcription (20). Our observation that the
VSV L protein is transcriptionally active when it contains
GDD in place of GDN suggests that, conversely, the poly-
merase of poliovirus (and other plus-strand RNA viruses)
might function with a GDN motif. In the case of Bunyamvera
virus, however, the recombinant L protein is not capable of
supporting viral replication when the native SDD polymerase
domain is converted to GDN (22). The results presented here
provide further support for the previous studies of poliovirus,
Bunyamwera virus, human immunodeficiency virus, and QB
bacteriophage, which concluded that the GDD motif plays a
central role in RNA synthesis, perhaps by binding metal ions
(9, 23, 29), and may represent the enzyme active site. It is not
obvious why the nonsegmented, negative-strand RNA vi-
ruses have evolved a GDN sequence in place of GDD; this
difference may simply reflect the increased transcription
observed with GDN compared with GDD.

It is worth noting that in structural models of the GDD-
containing core region of the Klenow fragment of E. coli
polymerase I (9), the first aspartate residue is integral to the
catalytic active site of the molecule. In the present study, any
mutation of this aspartate residue resulted in a lethal mutation
(GDN to GEN or GAN), providing support for this proposal.
In contrast, mutations of the second aspartate, as observed
here, or the glycine (21) are not necessarily incompatible with
RNA synthetic activity. We have not yet determined whether
mutation of the glycine of the GDNQ motif can be tolerated
with respect to transcription, as this residue forms part of the
unique restriction enzyme site used to construct the muta-
tions. Future studies will focus upon this glycine and con-
served amino acids upstream of the GDNQ motif.

One possibility that cannot be directly excluded is that the
mutations made within the L protein adversely affect the
interaction of the recombinant L protein with either the
N-RNA template or the P protein. However, this does seem
unlikely given that the only mutation of the core GDN that
retained transcriptional activity was the mutation to GDD.

In this study, we have provided experimental evidence
that the conserved GDN of rhabdoviruses and paramyxovi-
ruses is the equivalent of the GDD motif of plus-strand RNA
viruses, using a novel protocol for the synthesis of recom-
binant VSV L protein that will support RNA synthesis in
vitro. This protocol will allow the synthesis of transcription-
ally active L protein for the study of the P and N proteins in
transcription; previously, such studies involved the purifica-
tion of L protein from virions, which is both laborious and
inconsistent in terms of the purity and activity of the L
protein. Expression of transcriptionally active L protein in
transfected cells will also further investigation of the other
properties which have been tentatively assigned to the L
protein of VSV. One of the most disputed properties as-
signed to the L protein is its ability to phosphorylate the P
protein and the role played by any such phosphorylation in
RNA synthesis. Sequence comparisons of rhabdovirus and
paramyxovirus L proteins have identified a conserved region
that resembles a consensus ATP-binding motif that may be
one of the two distinct nucleoside triphosphate (NTP)-
binding sites demonstrated in VSV(NJ) (16, 17). Our studies
can now address the role of this potential NTP-binding motif
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(and others within the L protein) in transcription and phos-
phorylation of the P protein.
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