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The complete nucleotide sequences of the vesicular stomatitis virus (VSV)
mRNA’s encoding the N and NS proteins have been determined from the
sequences of cDNA clones. The mRNA encoding the N protein is 1,326 nucleotides
long, excluding polyadenylic acid. It contains an open reading frame for translation
which extends from the 5’-proximal AUG codon to encode a protein of 422 amino
acids. The N mRNA is known to contain a major ribosome binding site at the 5’
proximal AUG codon and two other minor ribosome binding sites. These second-
ary sites have been located unambiguously at the second and third AUG codons
in the N mRNA sequence. Translational initiation at these sites, if it in fact
occurs, would result in synthesis of two small proteins in a second reading frame.
The VSV mRNA encoding the NS protein is 815 nucleotides long, excluding
polyadenylic acid, and encodes a protein of 222 amino acids. The predicted
molecular weight of the NS protein (25,110) is approximately one-half of that
predicted from the mobility of NS protein on sodium dodecyl sulfate-polyacryl-
amide gels. Deficiency of sodium dodecyl sulfate binding to a large negatively
charged domain in the NS protein could explain this anomalous electrophoretic

mobility.

The genome of vesicular stomatitis virus
(VSV) is a single negative strand of RNA about
11,000 nucleotides long (5, 15). The viral N, NS,
and L proteins associate with the genomic RNA
to form the helical nucleocapsid structure within
the enveloped virion (reviewed by Wagner
[22]). The transmembrane glycoprotein (G) and
the peripheral membrane protein (M) are sepa-
rable from the nucleocapsid core after disruption
of the viral membrane with detergent (22). The
L and NS proteins can be dissociated from the
nucleocapsid and have been shown to be re-
quired for mRNA synthesis from a template
consisting of N protein and genomic RNA (3).
The synthesis, capping, methylation, and poly-
adenylation of the five VSV mRNA'’s are prob-
ably carried out by the L and NS proteins during
transcription from the N protein-genome RNA
complex (reviewed by Banerjee et al. [1]). A
knowledge of the amino acid sequences of the N
and NS proteins should facilitate further struc-
tural and functional analyses of these proteins
and will be critical to a molecular understanding
of their interactions with genomic RNA and
other virion components. As part of an analysis
of VSV mRNA and protein structure we have
determined the nucleotide sequences of the VSV
mRNA’s encoding the N and NS proteins from

cDNA clones. The amino acid sequences of the
proteins are predicted from these sequences.
Features of the mRNA and protein sequences
are discussed.

MATERIALS AND METHODS

Details of mRNA synthesis, cDNA cloning, and
DNA sequencing are provided in the accompanying
paper (18).

Primer isolation. Isolation of the primer illus-
trated in Fig. 3 from pNS173 DNA was as follows.
pNS173 DNA (50 pg) was digested with Alul and
treated with alkaline phosphatase, and the 198-base-
pair blunt-ended Alul fragment (56 base pairs of
pBR322 DNA linked to 142 base pairs of insert DNA)
was purified by gel electrophoresis followed by elec-
troelution. The 5’-ends of this fragment were labeled
with P by using polynucleotide kinase and [y-
#PJATP. The fragment was digested with Hinfl,
which cuts once and generates staggered ends. The
products were then separated by electrophoresis on a
sequencing gel (40 cm by 16 cm by 0.35 mm). The 53-
nucleotide, single-stranded primer fragment was lo-
cated by autoradiography and eluted by soaking the
gel slice in 0.5 ml of 0.4 M sodium acetate for 5 h. The
labeled primer fragment separates from the unlabeled
complementary strand because it is three nucleotides
shorter.

Primer extension and sequencing. Primer de-
rived from approximately 25 ug of pNS173 DNA (10°
dpm) was combined with 100 pg of total VSV mRNA
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prepared as described previously (18). The mixture of abled us to establish a tentative sequence for the
primer DNA and mRNA was then precipitated with entire gene. A restriction map was generated
ethanol. The pellet was washed with 80% ethanol, from this sequence, and the fragments needed to

dried, and suspended in 10 ul of 4X reverse tra.nscrip- verify the sequence on both DNA strands were
tion buffer containing 200 mM Tris-hydrochloride (pH isolated and sequenced (Fig. 1). We also se-
8.4), 40 mM MgCl,, 120 mM B-mercaptoethanol, 440 . .
mM KCL and each of the four dNTP’s at 2 mM. This duenced through all sites used as sequencing

mixture was incubated at 40°C for 10 min followed by endpoints and thus discovered the sh(?rt se-
the addition of 20 ul of water and 200 U of reverse quence between the two central Haelll sites.
transcriptase in 10 pl. Incubation was for 1 h at 42°C The predicted sequence of the N mRNA is
followed by phenol extraction and ethanol precipita- shown in Fig. 2. This 1,326-nucleotide sequence
tion. The pellet was resuspended in 100 pl of 10 mM  contains a single open reading frame for trans-
Tris (pH 7.4) containing 10 U of RNase A (Worthing-  Jation beginning at the AUG in positions 14
ton Diagnostics) and heated to 90°C for 1 min. The through 16 (within the previously identified ri-
extended primer was !:hen purified by electro.phoresis bosome binding site [16]) and ending at positions
on a 20% polyacrylamide gel. The gel was subjected to 1,280 through 1,282. The two other translational
autoradiography, and the largest band (250 nucleo- = .
tides) was excised, electroeluted, and sequenced. reading frames are blockec'l extensively throu'gh-
out the sequence. Comparison of the 3’-terminal
RESULTS N mRNA sequences from the VSV Indiana and
Determination of the N mRNA sequence. New Jersey serotypes suggested that the reading
The procedures used for generation of nearly frame shown here was correct (12). The pre-
full-length ¢cDNA clones from the VSV N and dicted N protein sequence is 422 amino acids
NS mRNA'’s are described in the accompanying long with a calculated molecular weight of
paper (18). Two cDNA clones designated pN3 47,355.
and pN4 were used for the N mRNA sequence Determination of the NS mRNA se-
analysis reported here. The inserts in both of quence. A cDNA clone of the VSV NS mRNA
these clones were about 1,350 nucleotides long, (pNS173, reference 9) was used for the majority
including 30 to 40 dG:dC tails at each end, and of the sequence analyses reported here. A re-
were flanked by Pstl sites. Determination of the striction map of the insert DNA illustrating the
nucleotide sequences at the ends of the pN4 sites for restriction enzymes used in the sequence
insert DNA showed that it contained all but 61 analysis is shown in Fig. 3. To obtain the 5'-
nucleotides from the 5’ end of the mRNA and terminal NS mRNA sequence that was not pres-
the complete 3 mRNA sequence. This was clear ent in the cDNA clone, we isolated a 5 *2P-
from comparison of the insert DNA sequence labeled DNA primer from the position indicated
with published sequences from both the 5" and in Fig. 3 (see above). This primer was then
3’ ends of the N mRNA (11, 13, 19). extended to the 5 end of the NS mRNA by
The basic strategy for sequencing the N gene using reverse transcriptase. The sequence ob-
was first to isolate the two large Haelll frag- tained from this elongated primer extended into
ments (Fig. 1) from the insert DNA and then to  the 5'-terminal sequence of the NS mRNA that
determine the sequences of the separated was known previously from the sequence of the
strands of each fragment by the Maxam-Gilbert ribosome binding site (16). This analysis showed
procedure (9). Combined with data published that pNS173 lacks 126 nucleotides of the 5’ NS
previously (11, 13, 16, 19), these sequences en- mRNA sequence. An additional clone, pNS319,
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F16. 1. Restriction map of the pNF4 insert DNA. Sites for restriction enzymes that were used in sequencing
are shown. The left end corresponds to the 5 end of the N mRNA. Arrows indicate the regions sequenced and
the direction of sequencing. Terminal Pstl sites are at the junctions of pBR322 sequences with the dG:dC
tails. The lengths of the dG:dC tails are not indicated in this figure or in Fig. 3.
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AACAGTAATCAAAANTGTCEGTTACAGECARGAGCAATC AT Mc A ATy B AEn Bfr cP§°
10 20 30 40 56 6
LYS

LEU PRO ALA ASN GLU P PRO VAL GLU TYR PRO ALA ASP TYR ARG
RLRLC!!CC;&‘GCAAL?GIG;&?TCCAGTGG%ATRCCCGG?OSGATTACTP!I‘E&IIGGAALXSATS%RAALKS
20

GW ILE PRO LEU TYR ILE ASN THR THR LYS SER LEU
GGAGATTCEagcTTTACAT‘%‘SATACTACAQS}O\AAGTTTGTS‘(]?:ISGpiPTCL?AAAéG?_Ig&GYATTXRTGV%LC}'gR

GLY LEU LYS SER GLY ASN VAL SER ILE ILE HIS VAL ASN SER TYR LEU TYR ALA
CC?AGGCC'};S&DATCCGGAAATGTAT(‘AATCATACATGTCAACAGCTACTTGTATGQ‘GYAGC
200 210 220 230 240

LEU LYS ASP ILE ARG GLY LYS LEU ASP LYS ASP TRP
ATTAAAGG%SSATCCGGGG%‘G{)\AGTTGGAT%73AGATTGGTS§Z::3A%RTTP¥BCG&Gyggloﬂui"EAApSANCAI%ECg;GLGY

LYS ALA GLY ASP THR ILE GLY ILE PHE ASP LEU VAL SER LEBU LYS ALA
GAAAGCAGGGGATACAATCGGAATATTTGACCTTGTATCCTTGAAAGCCCL'?JGGAEPCGG‘GYCGV?‘L
310 320 330 340 350 360
LEU PRO ASP GLY VAL SER ASP ALA SER ARG THR SER ALA ASP ASP LYS TRP PRO
ACTTCCAG%_I'SGGAGTATC(;;sgATGCTTCnggAACCAGCG%%GATGACAA?]EGGTL%JGCCT}‘;’?]

TYR LEU LEU GLY LEU TYR ARG VAL GLY ARG THR GIN MET PRO GLU TYR ARG LYS LYS LEU
GTATCTAC}‘3'566CTTATA(‘S‘SGAGTGGGCQSS;AACACAAA'{GgCCTGAATAE_}BGAAAAAAGSGT

MET ASP GLY LEU THR ASN GIN CYS LYS MET ILE ASN GLU GIN PHE GLU PRO LEU VAL PRO
CATGGATGGGCTGACAAATCAATGCAAAATGATCAATGAACAGTTTGAACCTCTTGTGCC
490 500 510 520 530 540

GLWU GLY ARG ASP ILE PHE ASP VAL TRP GLY ASN ASP SER ASN TYR THR LYS ILE VAL ALA
AGAAGGTCGTGACATTTTTGATGTGTGGGGAAATGACAGTAATTACACAAAAATTGTCGC
550 560 570 580 590 600

ALA VAL ASP MET PHE PHE HIS MET PHE LYS LYS HIS GW CYS ALA SER PHE ARG TYR GLY
TGCAGTGGACATGTTCTTCCACATGTTCAAAAAACATGAATGTGCCTCGTTCAGATACGG
610 620 630 640 650 660

THR ILE VAL SER ARG PHE LYS ASP CYS ALA ALA LEU ALA THR PHE GLY HIS LEU CYS LYS
AACTATTG’é‘_]"l"TCCAGATTgaGAAGATTGnggTGCATTGG(‘;OQACATTTGG%ISACCTCTGC?zs

ILE THR GLY MET SER THR GLU ASP VAL THR THR TRP ILE LEU ASN ARG GLU VAL ALA ASP
AATAACCG%%SATGTCTAC%\&AAGATGTA?S(O:GACCTGGA%‘GETTGAACCG?_IgAAGTTGCA(?;

A
80
GLU MET VAL GIN MET MET LEU PRO GLY GIN GLU ILE ASP LYS ALA ASP SER TYR MET PRO
TGAAATGG%‘g(d‘CAAATGATGCTTCCAGGCSISAGAAATTG%ZSAAGGCCGA’gm'l)'CATACATGg‘

TYR LEU ILE ASP PHE GLY LEU LYS SER PRO TYR SER SER VAL LYS ASN PRO ALA
TTATTTGA%‘SSGACTTTGG&ETGT%TT?T}&GGTCTCCAT)B\S%‘TCTTCCGngshAAACCCT(g;og

PHE HIS PHE TRP GLY GIN LEU THR ALA LEU LEU LEU ARG SER THR ARG ALA ARG ASN ALA
CTTCCACTTCTGGGGGCAATTGACAGCTCTTCTGCTCA%ATCCACCAGAGCAAGGAATSGS
910 920 930 40 950

ARG GIN PRO P ASP LE G _ TYR THR SER LEU THR THR ALA GLY LEU LEU TYR ALA TYR
CCGACAGCCTGpﬁTGACAITTGAGTATACATCTCTTACTAC)\GCAGGTTTGTTGTACGCTTA
970 980 990 1000 1010 1020

GLY SER SER AIA ASP LEU ALA GIN GIN PHE S VAL GL! ASN

[2]
[7]

ALA VAL CY! Y ASP LYS TYR THR
TGCAGTAGGATCCTCTGCCGACTT CACAACAGTTTTGTGTTGGAGATAACAAATACAC
1030 1040 1050 1060 1070 1080

PRO ASP P SER THR GLY GLY LBU THR THR ASN AlLA PRO PRO GIN GLY ARG ASP VAL VAL
TCCAGATGhiTAGTACCGGAGGATTGACGACTAATGCACCGCCACAAGGCAGAGATGTGGT
1090 1100 1120 1130 1140

1110
C GG}\UA T'D(EPG Ci.'?;g GQ‘GYA T'néPG Tpﬁrf'fegGAuA GA§P'I' CQA‘NAI?:ENC AAEGA ALXSA Cf?;g A'n(?'l‘ CP(,?DT Gmhf'{ 93H¥PG AH'IL‘TG CGRNGI'{:;{R
T GAE:AG ALXSA AAEGA GMCAA Gv%LC AH'LI‘TG TSERA CL'E‘”G CQANA GGLGYC CL‘E‘UA AA(l.‘,K;A GGIAUG ALIY\SG ATE:RA Algs'l‘ GGLGYC ALIY\SG TIXRT GAEA
1210 1220 1230 1240 1250 1260
T ALXSG TSERA GT?;}O\ TH'I‘!BT GpiPC ALXT%Bg'E.A CCCTA Tl.;\g% TTCTCAG Al':l;og ACCTATT Al'gllo\ TATTATG Cl'gzls

CATATG

Fic. 2. Nucleotide sequence of the VSV mRNA encoding the N protein and the predicted N protein
sequence. The shaded nucleotide sequences represent the three ribosome binding sites in the N mRNA.

was isolated which has the complete NS mRNA  end. The 5’ sequence determined from this clone
sequence except for 32 nucleotides from the 5° is indicated in Fig. 3.
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-——end pNS 319 (PstI)
< end pNS173 (PstI)

- Hae TIT

J. VIROL.

—Hpa I
Hoe TIT
-— (PstI)

-y
[~

]
[
~4
@®

-—
primer

Fic. 3. Restriction map of the pNS173 insert DNA. Sites for restriction enzymes that were used in
sequencing are shown. The heavy line indicates the DNA segment used as a primer on the NS mRNA to

obtain the 5'-terminal mRNA sequence.

DISCUSSION

Translation of the N mRNA. The nucleo-
tide sequence presented here for the VSV
mRNA encoding the N protein predicts a protein
of 422 amino acids initiated at the first AUG
codon in the mRNA (Fig. 2). Our previous anal-
ysis of ribosome-protected initiation sites in N
mRNA showed that three separate sites were
protected within the sequence (16). The major
site occurred at the 5’-proximal AUG codon and
contained about 75% of the protected material.
The minor sites were each found to contain 10
to 15% of the protected material. Partial se-
quence analysis showed that both minor sites
contained single AUG codons. The complete
sequence of the N mRNA contains 45 AUG
codons in all three frames. We compared the
partial sequences of the T1 oligonucleotides
from the minor ribosome binding sites with the
sequences around each AUG codon. These par-
tial sequences can be aligned perfectly at the
second and third AUG codons in the mRNA
(Fig. 4), but not at any of the other AUG codons.
An assignment of one of these sites to the second
AUG codon was made previously on the basis of
partial sequence information for the N mRNA
(17).

The generally accepted view of eucaryotic pro-
tein synthesis initiation (reviewed in reference
8) is that eucaryotic ribosomes initiate only at
single sites on mRNA'’s. These sites are usually,
but not always, the first AUG in the mRNA (8).
The fact that ribosomes bind only at the three
5’-proximal AUG codons in the N mRNA rather
than at any of the 42 other AUG codons suggests
that this binding results from “entry” of ribo-
somes at the 5" end of the mRNA. Presumably,
features of the mRNA structure (such as dis-
tance from the 5’ end) determine the extent of
binding at the three sites. These multiple bind-
ing sites could be artifacts of the in vitro binding

A

60 70 80 90
TTCCAAAACTTCCTGCAAATGAGGATCCAGTGGAATACCCGG
AG(G) UG (G)

YAAAUG ---YAG

170 180 190
ATCTAAGAGGATATGTCTACCAAGGCCTCAAATCCGG
---YAAG  -YAUG

AG (G)

Fi1c. 4. Alignment of T1 oligonucleotide sequences
with N mRNA sequences. Partial sequences of two
secondary ribosome binding sites from the N mRNA
(16) are shown aligned with the appropriate portions
of the N mRNA sequence. Y indicates a pyrimidine,
and parentheses indicate nearest neighbors. Sizes of
the T1 oligonucleotides predicted are consistent with
the migration of each oligonucleotide on the two-
dimensional homochromatography system (16). Num-
bers are relative to the 5" end of the N mRNA.

conditions, although we did not observe second-
ary binding sites in other VSV mRNA’s under
identical conditions. If ribosomes initiated trans-
lation at these sites, only small proteins of 30
and 23 amino acids would be produced. Such
small proteins would have gone undetected pre-
viously. Because the amino acid sequences of
these putative proteins can be predicted from
the N mRNA sequence, it may be possible to
detect them by labeling VSV-infected cells with
the appropriate amino acids.

NS mRNA and protein structure. The nu-
cleotide sequence predicted here for the VSV
mRNA encoding the NS protein is 815 nucleo-
tides long, excluding polyadenylic acid. It en-
codes a protein of 222 amino acids (25,110 dal-
tons) initiated from the 5-proximal AUG codon
in the mRNA (Fig. 4). Previous estimates of the
molecular weight of NS from its migration
on sodium dodecyl sulfate-polyacrylamide gels
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range from 39,000 to 50,000 (see reference 7).
This discrepancy suggests that NS has an un-
usual monomeric structure or that it perhaps
migrates as a dimer. Phosphorylation of NS
cannot explain its anomalous migration because
removal of phosphate residues from NS de-
creases rather than increases its mobility on
sodium dodecyl sulfate-polyacrylamide gels (4).
Inspection of the distribution of charged residues
within the predicted NS protein sequence does
reveal the unusual feature of a large domain
containing 18 negatively charged residues and
no positively charged residues (Fig. 5). A defi-
ciency of sodium dodecyl sulfate binding to this
negatively charged domain might explain the
anomalous electrophoretic mobility.

Codon usage. As found for the G and M
mRNA'’s (18), there is also a deficiency in the
CG dinucleotide in the N and NS mRNA'’s. One
would predict that 58 CGs would occur at ran-
dom in the N mRNA coding region and 33 would
occur in the NS coding region, whereas only 30

AACAGA‘lh'lg&@GG??A?!WC&?&&LxSAQV?LTChg;TGGkUGTTK:%‘CTC LYSGTS?‘CTATTS?TCGTCT

GLU

VSV N AND NS mRNA SEQUENCES 533

and 16, respectively, are found. The codon usage
for both mRNA'’s is shown in Fig. 6. In the N
mRNA there is a clear bias against arginine
codons of the form CGN and against NCG co-
dons (N = A, G, C, or T). A similar bias is also
seen between adjacent codons where 31 junc-
tions of the type NNC-GNN would be expected
at random, whereas only 18 are found. In the NS
mRNA there is no.bias against the CGN codons,
but the NCG codons are deficient. Codon junc-
tions NNC-GNN are strongly deficient in NS, as
only 3 are found where 14 would be expected at
random. Deficiency in the CG dinucleotide may
prove to be a general feature in the sequences of
RNA genomes of eucaryotic viruses as it has
been observed in the mRNA encoding an influ-
enza virus hemagglutinin (14).

Remainder of the genome. The sequences
presented here, combined with the previously
determined leader RNA (2), 3’-terminal genomic
sequences (6, 11, 20), and intergenic sequences
(10, 17), provide a continuous sequence of 4,723

60

GLU  ALA ALA Y

ASP GLN ALA VAL GLY GLU_ ILE ASP ILE GILN ARG GLU LYS SER ASN TYR
GGATCAGGC7gGTAGGAGAGsﬁTAGATGAGA%CGAAGCAC{os.CGAGCTGAll\lsAGTCCAAT'{‘ZS

GW LBy PHE GIN GLU ASP  GLY VAL GWU_ GLU_ HIS
TGAGTTGT'{38CAAGAGGATGGAGTGGAA?SGGCATACTA?sgCCCTCTTA'{}%‘TTCAGGCAGC

140

THR LYS PRO SER TYR PHE GIN ALA AlA
180

ASP  ASP SER THR QOB SER PRO ILE ASN  GLN GLY LEU TYR ALA GIN
AGATGATT%ﬁG?CACAGA}Z\O’gCTG?ACCA%?AATTG?AG%%AATCAAGG%‘}'{I"TGTATGCA%48

GG?TCCAG%’AGCTG?GCAAGV%LTG%’AGGC%TTAITACAGGgagCCTTTAG?TG?CTATGCAG?

260

VAL PHE

G @b VAL l? VAL THR SER
TGAGGAAG'glgG TGTTGTA‘(I)‘TTACTTCG%BO

32

HIS GLY LYS LEU ARG LEU THR SER
GCATGGAA%;&ACCTTACG%;

LYS, ALA VAL VAL

PRO GLU GLY LBEU SER GLY GLU GIN LYS SER GIN
ngGACATCG(3:9(0:AGAGGGTT'EosAGTGGAGA(jlgAGAAATCCCA

GLN

TRP LYS GIN PRO GLWU LEU GLU SER ASP GLU
CTGGAAAC}J\4(02CCTGAGCTTGAATCTGACGA

350 360

420

LEU

TRP LEU SER THR ILE . SER LYS ASN CYs
GTGGCTTT(433(0;ACGATTAAAGCAGTCGTGCAAAGTGCCA}}S(P]‘TACTGGAATCTGGCAGAGTBS

440 450

470

ASP VAL

530 540

MET =~ ASN HIS ~PRO SER ~SER I CYs
ATATAAGGTCACTCCAGT%TGAACACA ATCCGTTCCCAATCAGAAGggacTATCAGA%‘Og
LEU LEU LYS ASP PHE = PRO GLU SER LYS SER SER SER
TTTGGTCTCTCTCAAAGACATCCATGACTTTCCAACCCAAGAAAGCAAGTCTTCAGCCTC
610 620 630 640 650 660

HIS HIS ILE L
TCACCATATCCTTGGATGAATTG'l"l'CTCATCTAGAGGA?AGTTCATCT;TGTCGGAGGTg
670 680 690

ACGGACGA938GTCTCATAQ‘GGAGGCCAT%"STGCTCGGCSGSGAGATACA?_]{)\AAGTTGTA?&\

ATCAGGCGAGAGTCAAATATTCTCTGTAGACTATG
790 800 810

Fic. 5. Nucleotide sequence of the VSV mRNA encoding the NS protein, and the predicted NS protgin
sequence. The shaded nucleotide sequence indicates the ribosome binding site. Negatively charged amino
acids in the negatively charged domain are shaded.
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N Protein

U C A G
U Phe 8 Ser 8 Tyr 9 Cys3 U
9 7 12 2 C
Leu 2 7 Term 0 Term1 A
15 2 0 Trp7 G
C Leu9 Pro9 His 2 Argl U
5 0 3 0 C
3 8 Gln 10 2 A
4 3 4 1 G
A Ile8 Thré6 Asn 9 Ser4 U
9 5 7 2 C
5 13 Lys 20 Argl5 A
Met 14 2 10 1 G
G Val5 Alaé6 Asp 22 Glysd U
9 6 13 8 C
6 15 Glu 13 16 A
6 1 4 4 G

NS Protein

U C A G
U Phe 5 Ser 8 Tyr 7 Cys1 U
2 3 1 1 C
Leu3 1 Term 0 Term1 A
4 4 0 Trp3 G
C Leu3 Pro2 His 5 Arg2 U
3 1 1 1 C
0 6 Gln 6 1 A
2 2 8 1 G
A Ile3 Thr4 Asn 4 Ser3 U
5 2 1 2 C
3 5 Lys 6 Arg2 A
Met 3 1 7 0 G
G Val 3 Ala 2 Asp 11 Gly2 U
4 2 7 1 C
3 8 Glu 14 6 A
4 1 14 2 G

Fic. 6. Codon usage in the N and NS mRNA'’s.
First positions are on the left, second positions are
across the top, and third positions are on the right.

nucleotides from the 3’ half of the VSV genome.
Using the value of 11,278 nucleotides calculated
by Repik and Bishop (15) for the size of the
genome, this leaves 6,496 nucleotides to encode
the L mRNA which terminates 59 nucleotides
from the 5 end of the genome (21). This se-
quence is more than sufficient to encode the L
protein, which is estimated to have a molecular
weight of about 190,000 (22).

J. VIROL.
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