
Proc. Natl Acad. Sci. USA
Vol. 78, No. 7, pp. 4170-4174, July 1981
Biochemistry

Sequences of mRNAs derived from genome RNA segment 7 of
influenza virus: Colinear and interrupted mRNAs code for
overlapping proteins

(mRNA structure/intervening sequences/myxovirus gene arrangement/nuclease SI mapping/RNA genes in different reading frames)

ROBERT A. LAMB*, CHING-JUH LAIt, AND PURNELL W. CHOPPIN*
*The Rockefeller University, New York, New York 10021; and tLaboratory of Infectious Diseases, National Institute of Allergy and Infectious Diseases, Bethesda,
Maryland 20205

Contributed by Purnell W. Choppin, March 31, 1981

ABSTRACT RNA segment 7 of the influenza A virus genome
codes for at least two proteins, M1 and M2, which are synthesized
from separate mRNA species. Sequence analysis of the M2 mRNA
has shown that it contains an interrupted sequence of 689 nucleo-
tides. The =51 virus-specific nucleotides comprising the 5'-end
leader sequence of the M2 mRNA are the same as those found at
the 5' end of the colinear M1 mRNA. Following the leader se-
quence of the M2 mRNA, where is a 271-nucleotide body region
that is 3' coterminal with the M1 mRNA. Another small potential
mRNA (mRNA3) related to RNA segment 7 has been found.
mRNA3 has a leader sequence of =11 virus-specific nucleotides
that are the same as the 5' end of the M1 and M2 mRNAs, followed
by an interrupted sequence of 729 nucleotides, and then a body
region of -271 nucleotides that is the same as that of the M2
mRNA. The nucleotide sequences found at the junctions of the
interrupted sequences in M2 mRNA and mRNA3 are similar to
those found at the splicing points of intervening sequences in eu-
karyotic mRNAs. In addition, both mRNAs contain 10-15 heter-
ogeneous nonviral nucleotides at their 5' ends that appear to be
derived from cellular RNAs used for priming the transcription of
viral RNAs. Because the 5'-end sequences of the Ml mRNA and
the M2 mRNA are the same and share the 5'-proximal initiation
codon for protein synthesis, the first nine amino acids would be
the same in the M1 and M2 protein and then the sequences would
diverge. The =271-nucleotide body region of the M2 mRNA can
be translated in the + 1 reading frame, and the sequence indicates
that M1 and M2 overlap by 14 amino acids. The coding potential
of the mRNA3 is for only nine amino acids, and these would be
identical to the COOH-terminal region of the membrane protein
(M1).
The genome ofinfluenza virus consists of eight single-stranded
RNA segments that are transcribed into mRNAs that code for
the virus-specific polypeptides (for review, see ref. 1). Segment
8, the smallest RNA segment, codes for two proteins, NS1 and
NS2, that are translated from separate mRNA species (2-4).
Mapping and sequence analysis of the NS1 and NS2 mRNAs
established that the first 56 nucleotides at the 5' end of both
mRNAs are identical and that this region contains the AUG
codon for initiation of protein synthesis, so that NS1 and NS2
share nine amino acids at their NH2-termini (5, 6). Following
this shared sequence, there is an interrupted region of473 nu-
cleotides in the NS2 mRNA, and then translation of NS2 would
continue in the + 1 reading frame (5, 6). The coding regions of
the NS1 and NS2 mRNAs that are in different reading frames
overlap by 70 amino acids (6).

Recent analyses ofthe nucleotide sequences ofRNA segment
7 from two strains of influenza A virus [PR/8/34 (HlNl) and

Udorn/72 (H3N2)] have shown that, in addition to the reading
frame coding for the membrane protein (M1; 252 amino acids),
there is a second open reading frame that is conserved and could
code for 97 amino acids (7, 8, 9). We have identified a gene
product for this second reading frame (M2; apparent Mr
415,000) in infected cells and have shown by biochemical and

genetic evidence that this protein is coded for by RNA segment
7 (10). Tryptic peptide maps of the M2 protein synthesized by
several strains of influenza virus could be correlated with the
amino acid sequence deduced from the second open reading
frame. In addition, we have identified a separate mRNA coding
for M2 protein (10).
We report here the results of experiments designed to de-

termine the precise 5'-terminal nucleotides of the M2 mRNA,
to demonstrate directly that translation of the M2 mRNA could
occur in the second open frame, and to investigate whether the
M2 mRNA was analogous to the NS2 mRNA in having an in-
terrupted region.

MATERIALS AND METHODS
Virus and Cells. The influenza virus A/Udorn/72 (H3N2)

strain was grown in embryonated eggs, and the HeLa (human)
cell line was grown as described (2).

Preparation of Cloned DNA, Restriction Endonuclease
Digestions, Nuclease SI Mapping, and DNA Sequence Anal-
ysis. Clone PFV 45/M, constructed previously (11), was de-
rived by hybridization ofseparate cDNA copies ofRNA segment
7 and of its large mRNA (M DNA) and cloning in the Pst I site
of pBR322. It was produced by transformation of Escherichia
coli K-12, strain HB101. Purification of the M DNA after Hpa
II digestion, preparation of restriction endonuclease digested
fragments, nuclease S1 mapping, and 5'-terminal labeling were
done as described (5, 6, 9, 11). DNA sequence analysis was done
as described by Maxam and Gilbert (12, 13).

Primer Extension of the mRNAs to Obtain the Sequence of
the 5'-Terminal Regions. The procedure was similar to that
used previously (6).

RESULTS
Sizing the Body Sequences of M2 mRNA. Fractionation of

influenza virus-specific mRNAs on sucrose gradients and trans-
lation in vitro ofthe fractions indicated that protein M2was syn-
thesized from a separate small polyadenylylated mRNA species
(10). To investigate the size of the body segment of the M2
mRNA, uniformly 32P-labeled M DNA was hybridized to total
influenza virus-specific mRNAs, digested with nuclease S1, and
analyzed on denaturing polyacrylamide gels. As shown in Fig.
1, a band of 1000 nucleotides, equivalent in size to protection
of the M1 mRNA, was observed. In addition, a band of -285
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nucleotides, present in much less abundance and compatible
in size with protection of the M2 mRNA, was also seen.

Primer Extension to Analyze the 5'-Terminal Sequences of
M2 mRNA. The nucleotide sequence at the 5' terminus of M2
mRNA was obtained by reverse transcriptase extension to ex-
amine whether the M2 mRNA had a leader sequence, to de-
termine the possible initiation codon for translation of M2, and
to demonstrate directly that the M2 protein was translated from
a reading frame different from that for the M1 protein. To obtain
a primer for reverse transcriptase extension, a Hinfi-derived M
DNA fragment, containing label at nucleotide 777, was hybrid-
ized to M2 mRNA that had been isolated from infected cells and
purified on sucrose gradients. The 32P-labeled DNA primer was
extended with reverse transcriptase, and the products were
analyzed on denaturing acrylamide gels. Two major single-
stranded DNA species, -61 and =108 nucleotides long, were
obtained (Fig. 2) and both were sequenced. The larger species
was thought the more likely candidate to represent the 5'-ter-
minal sequences of the M2 mRNA, as this size should include
additional nucleotides beyond those expected for the second
open reading frame coding for the M2 protein. The sequence
of the larger species (=108 nucleotides) from nucleotide 763
and, on a longer gel run, its 5'-terminal end are shown in Fig.
3. The 5' end of this mRNA species is heterogeneous for 10-15
nucleotides, which are followed by =51 nucleotides that cor-
respond to the 5'-terminal portion of M1 mRNA-i.e., com-
plementary to the 3'-terminal portion of the virion RNA seg-
ment 7. This leader sequence is connected to the body of the
mRNA beginning at nucleotides 740 and 741. The exact nu-
cleotides at which the leader sequence and body sequence are
joined cannot be determined because of the repetition of G-G
at 740 and 741, but they are likely to be nucleotides 41 and 740
(see below). Thus, in this mRNA, there is an interrupted region

m a

of 689 nucleotides. This mRNA arrangement creates an open
reading frame that begins with the AUG initiation codon at nu-
cleotides 26-29 and continues to nucleotide 1004, with trans-
lation occurring in the same reading frame as that used for M1
from nucleotides 20-51 (i.e., for nine amino acids); after nu-
cleotide 740, translation switches to the +1 reading frame for
88 amino acids. The nucleotide sequence of the mRNA is com-
patible with the observed M2 protein. The nucleotide sequence
coding arrangement is shown in Fig. 4.
The sequence of the 5'-terminal nucleotides of the smaller

primer-extended DNA species (61 nucleotides) is shown in Fig.
3. This mRNA species (designated mRNA3 rather than M3 RNA
because a gene product has not yet been found) contains 10-15
heterogeneous nucleotides at its 5' terminus, followed by =11
nucleotides that appear to be identical to the 5' end of the M1
and M2 mRNAs. The leader sequence is then connected to the
same body sequence as the M2 mRNA at nucleotides 740 and
741 and therefore contains an interrupted region of 729 nu-
cleotides. Examination of the coding potential of this mRNA
(Fig. 4) indicates that the first AUG initiation codon is located
27-29 nucleotides from its discrete 5' end (nucleotides 755-757)
and, after codons for nine amino acids, there is a termination
codon (782-784). These nine amino acids would be identical to
the COOH-terminal region of the membrane protein (M1).
To investigate the possibility that additional interrupted re-

gions occur in the M2 mRNA and the mRNA3, a Taq I-derived
M DNA fragment (871-943 on the minus strand) was labeled
at its 5' termini and cleaved with Hae III. The Hae III/Taq I
(900-943) fragment was used as a primer for reverse transcrip-
tase extension of the small mRNAs. The predicted sizes of the
extended products, if there was no other interrupted region,
were -265 nucleotides for the M2 mRNA and -225 nucleotides
for the mRNA3. As shown in Fig. 5, the observed sizes, -269
and =222, respectively, were very close to those predicted.
DNA sequence analysis of these extended DNA species con-
firmed that no other interrupted regions occurred in the M2
mRNA and the mRNA3 (Fig. 4). A schematic representation of
the mRNAs and their coding regions is shown in Fig. 6.
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FIG. 1. Nuclease S1 analysis
ofmRNAs derived fromRNA seg-
ment 7. Poly(A)-containing
mRNAs from influenza virus-in-
fected HeLa cells were hybridized
with denatured 32P-labeled M
DNA in 80% formamide at 50°C
for 2 hr, 4800 for 2 hr, and 4600
for 1 hr, consecutively. The hy-
bridization mixtures were then
treated with nuclease S1, and the
digests were analyzed by electro-
phoresis on 4% polyacrylamide/
9 M urea gels. Lane m: 32P-la-
beled pFV M/45 plasmid DNA
was digested with Hinfl, and the
fragments were used as markers;
numbers indicate polynucleotide
length. Lane a: M DNA was hy-
bridized to mRNAs, and the hy-
brid was treated with nuclease S1.
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FIG. 2. 5'-terminal sequences obtained by primer extension of the
small mRNAs derived from RNA segment 7. Poly(A)-containing
mRNAs from infected cells were fractionated on sucrose gradients, and
those fractions that translated in vitro to yield polypeptide M2 were
pooled. A32P-labeled DNA fragment (nucleotides 741-777) was hy-
bridized to the pooled mRNA fractions, and the primer was extended
with reverse transcriptase. Markers of 208, 186, 55, and 34 nucleotides
from M DNA cleaved with various restriction endonucleases were
used. Samples were analyzed on 8% polyacrylamide/9M urea gels. The
two major extended products, "61 and 108 nucleotides, were het-
erogeneous in size due to the host cell-donated nucleotides at the 5'
ends of the mRNAs.
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DISCUSSION

Structure ofthe mRNAs Derived from RNA Segment 7. The
nucleotide sequences of influenza virus RNA segment 7 [1027
nucleotides] of strains PR/8/34 (HlNl) and Udorn/72 (H3N2)
have been obtained (7, 8). The membrane protein (M1) mRNA
is a colinear, but incomplete, transcript ofthe virion strand (14,
15), and the polyadenylylation site has been shown to be an A-
A-A-A-A-A region between nucleotides 1006-1011 (16). The M1
mRNA is translated from the AUG initiation codon at nucleo-
tides 26-28 to the termination codon at 782-784 to produce the
M1 protein (252 amino acids). However, in the M1 mRNA, there
is a second open reading frame (nucleotides 714-1004), which
could code for 97 amino acids, that has been conserved among
strains (7, 8, 9). We have identified a protein (M2; apparent Mr
""15,000) in infected cells (11). The M2 protein was shown to
be coded for byRNA segment 7 by both biochemical and genetic
evidence, and tryptic peptide maps are compatible with it being
coded for by the second open reading frame. An mRNA coding
for the M2 protein was also identified, and a nuclease S, analysis
(17) of the Ml and M2 mRNAs by the nuclease S1 technique is
reported here. These results indicate that an M DNA segment
of "'1000 nucleotides was protected by the body of the M1
mRNA and a second M DNA segment of -"285 nucleotides was
protected by the body of the M2 mRNA. From the sequence
analysis of the M2 mRNA, it was found that the body region
consists of --271 nucleotides (depending on the exact poly(A)
addition site), and the apparent small difference is probably due
to incomplete denaturation in the urea gels used to analyse the
nuclease Sl-digested products.

By using reverse transcriptase to extend DNA primers hy-
bridized to the body region ofthe small mRNAs, we have dem-
onstrated that there are two major species of small mRNAs de-
rived from influenza virus RNA segment 7 in infected cells.
Minor primer-extended species were also observed, but their
significance is not clear and they have not been examined fur-
ther. Sequence analysis has shown that the M2 mRNA contains
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FIG. 3. Sequences of the cDNA
copies of the 5'-terminal regions of
the small mRNAs. The base-spe-
cific chemical cleavages are indi-
cated over each lane. The sequence
obtained from the gels is inter-
preted with the nucleotides num-
bered as shown in Fig. 4. The prob-
able donorand acceptor nucleotides
at which the interrupted sequence
is excised are indicated by arrows.
(Left) Twenty percent sequencing
gel of the "108 nucleotide cDNA
from the primer extension (Fig. 2)
of M2 mRNA, showing thejunction
of the leader and body sequences.

70US (Middle) Eight percent sequencing
gel of the same cDNA, showing the
5'-terminal region. (Right) Eight
percent sequencing gel of the "61
nucleotide cDNA from the primer

TT extension (Fig. 2) of the RNA seg-
C ment 7-derived mRNA3, showing

thejunction of the leader and body
sequences and the 5'-terminal re-
gion. The presence of other bands

AT in all lanes at position 740, which
3 is predominantly a cytidine, is not

readily explained unless the DNA
was nicked at this position but has
been observed in otherjunctions of
leader and body sequences.

a 5'-leader sequence of -'51 virus-specific nucleotides, which
appears identical to the 5' end of the M1 mRNA, and this is
covalently linked to the body sequence (nucleotides 740-1011).
Preceeding the leader sequence are 10-15 nucleotides that are
heterogeneous and appear to be derived from cellular mRNAs
used for priming the transcription ofviral RNAs. The M2 mRNA
has an interrupted sequence of 689 nucleotides between the
leader sequence and the body region, but the exact nucleotides
at which the two segments are joined together cannot be de-
termined, due to the repetition of G-G (740-741). The other
RNA segment 7-derived small mRNA (designated as mRNA3)
found as a major primer-extended product contains a 5'-leader
sequence of 11 virus-specific nucleotides that are identical to
the 5' end of the Ml mRNA or the M2 mRNA and covalently
linked to the same body sequence (nucleotides 740-1011) as the
M2 mRNA. This mRNA3 has an interrupted region of 729 nu-
cleotides. The observation that mRNA3 also contains hetero-
geneous nonviral nucleotides preceeding the leader sequence
suggests that these are derived from cellular RNA sequences.
Donor and Acceptor Sites Around the Interrupted Se-

quences. The sequences at both sides ofthe intervening regions
in eukaryotic mRNAs follow a distinct pattern suggesting a
"consensus" sequence. In its simplest form, the consensus se-
quence involves the intervening sequence beginning at the 5'-
donor site with the dinucleotide G-T and ending before the 3'-
acceptor site with A-G (ref. 18; for review, see ref. 19). The
sequences at the two donor sites and the common acceptor site
on the colinear Ml mRNA used to form the interrupted struc-
ture of the M2 mRNA and the mRNA3 exhibit such a pattern
(Fig. 4). For M2 mRNA, the junction is between nucleotides
51 and 740; for mRNA3, the junction is between nucleotides 11
and 740. More complicated consensus sequences involving nu-
cleotides complementary with the U1 small nuclear RNA have
been observed (20, 21). The 3' nucleotides of the intervening
sequence in the Ml mRNA cannot be readily fitted to the more
complicated model because the usually observed pyrimidine
tract is not adjacent to the PyPyN-C-A-G. 4, (4, = cleavage)
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Heterogeneous 1 CD1 40 yD2 60
(+) strand 5'- "- 10-13 - AGCAAAAGCAGGTAGATATTGAMG ATG AGC CTT CTG ACC GAG GTC GAA ACG TAT GTT CTC TCT
A/Udorn/72 Nucleotides N-terminus MI & Mg Met-Ser-Leu-Leu-Thr-Glu-Val-Glu-Thr-Tyr-Val-Leu-Ser-(13)
(H3N2) A

6700
AGG CM ATG GTG CAG GCA ATG AGA GCC ATT GGG ACT CAT CCT AGC TCC AGT GCT GGT CTA AM GAT GAT CTT CTT GM AAT TTG
Arg-Gln-Met-Val-Gln-Ala-Met-Arg-Ala-Ile-Gly-Thr-His-Pro-Ser-Ser-Ser-Ala-Gly-Leu-Lys-Asp-Asp-Leu-Leu-Glu-Asn-Leu-(237)

-yAi&2 750 800
CAG GCC TAT CAG MA CGA ATG GGG GTG CAG ATG CAA CGA TTC MG TGA C CCT CTT GTT GTT GCT GCG AGT ATC ATT GGG ATC TTG
Gln-Ala-Tyr-Gln-Lys-Arg-Met-Gly-Val-Gln-Met-Gln-Arg-Phe-Lys. (252) C-terminus Ml

A-Pro-Ile-Arg-Asn-Glu-Trp-Gly-Cys-Arg-Cys-Asn-Asp-Ser-Ser-Asp- Pro-Leu-Val-Val-Ala-Ala-Ser-Ile-Ile-Gly-Ile-Leu-(36)

850 900
CAC TTG ATA TTG TGG ATT CTT GAT CGT CTT TTT TTC AAA TGC ATC TAT CGA TTC TTT GAA CAC GGT CTG AAA AGA GGG CCT TCT

His-Leu-Ile-Leu-Trp-Ile-Leu-Asp-Arg-Leu-Phe-Phe-Lys-Cys-I e-Tyr-Arg-Phe-Phe-Glu-His-Gly-Leu-Lys-Arg-Gly-Pro-Ser-(64)

950
ACG GAA GGA GTA CCT GAG TCT ATG AGG GAA GAA TAT CGA AAG GAA CAG CAG AGT GCT GTG GAT GCT GAC GAC AGT CAT TTT GTC

Thr-Glu-Gly-Val-Pro-Glu-Ser-Met-Arg-Glu-Glu-Tyr-Arg-Lys-Glu-Gln-Gln-Ser-Ala-Val-Asp-Ala-Asp-Asp-Ser-His-Phe-Val- (92)

1000 1027
AGC ATA GAG CTG GAG TM AACTACCTTGTTTCTACT-3'

Ser-Ile-Glu-Leu-Glu. (97) C-terminus M2

FIG. 4. Nucleotide sequence of M2 mRNA and mRNA3. The sequence shown here is an abbreviated version of the complete nucleotide sequence
of the Udorn strain of influenza A virus RNA segment 7 and its Ml mRNA (9). The heterogeneous 5'-terminal nucleotides donated from cellular
RNAs are indicated as a group; the specific nucleotides found in this region on the cloned M1 mRNA were shown earlier (9). The 3' terminus after
the polyadenylylation site A-A-A-A-A-A (nucleotides 1006-1011) was obtained from the cDNA copy of the 5' end of the virion strand and would
notbepresent on influenzavirusmRNAs. D, and D2, probable 5'junctions ofthe intervening sequences of themRNA3 andtheM2mRNA, respectively;
Al and A2, probable 3' junctions of the intervening sequences, which are the same for M2 mRNA and mRNA3.

sequence. However, a seven-nucleotide pyrimidine tract is
found five nucleotides to the left of the above sequence (Fig.
4).

1 517
Y 781

506,517
396
344

269 298
224 * - 220, 221

1 94

1 54

Mechanisms for the Synthesis of Interrupted Regions in In-
fluenza Virus mRNAs. We have shown here that the M2 mRNA
and the mRNA3 are analogous to the previously described NS2
mRNA (6) in having junctions similar to those found in spliced
eukaryotic mRNAs, and it seems likely that these mRNAs are
derived by splicing from their colinear transcripts, M1 and NS1
mRNAs, respectively. The cell nucleus has been reported to be
the site for primary transcription of the influenza virus genome
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M2 An)

mRNA3 * A(n)

.1

1 100 200 300 400 500 600 700 800 900
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FIG. 5. Primer extension of M2 mRNA and mRNA3 to verify the
absence of additional interrupted regions. A 32P-labeled DNA frag-
ment (nucleotides 900-943) was hybridized to the pooled mRNA frac-
tions described in the legend to Fig. 2 and extended with reverse tran-
scriptase. Markers from 32P-labeled pFV 45/M cleaved with HinfI
were used. Samples were analyzed on 8% polyacrylamide/9 M urea

gels, and then the bands were eluted and rerun separately on 6% poly-
acrylamide/9 M urea gels. The observed size of the primer-extended
fragments correlates with the predicted size.

FIG. 6. Model for the arrangement of M1 mRNA, M2 mRNA, and
mRNA3 and their coding regions. Thin lines at the 5' and 3' termini
of the mRNAs represent noncoding regions. Crosshatched areas rep-
resent the coding regions of the mRNAs. In the region 740-1004, M2
mRNA is translated in a reading frame different from that used for M1.
No evidence has yet been obtained that mRNA3 is translated, but its
coding potential (which corresponds to the COOH-terminal region of
the Ml protein) is indicated. V-shaped lines represent interrupted re-

gions; filled-in boxes represent heterogeneous nucleotides derived
from cellular mRNAs that are covalently linked to the viral sequences.
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(22, 23), and the processing of precursor colinear transcripts of
mRNAs is thought to occur in the nucleus (24, 25). The small
amounts of the processed mRNAs in influenza virus-infected
cells suggest that the mechanism is controlled, as it has been
found to be in the alternative splicing pathways to form different
mRNAs from the colinear RNA transcripts of adenovirus and
the papova viruses (for review, see ref. 26). However, with in-
fluenza virus, the situation is slightly different because the pre-
sumed precursor RNAs also act as mRNAs from which poly-
peptides are translated (M1 and NS,). In addition, processing
of the full length (+) strands of template RNAs would have to
be avoided. Less likely possibilities for the formation of influ-
enza virus mRNAs involving the virion RNA strand and defec-
tive-interfering-particle formation have been discussed previ-
ously (6).

Host Cell RNA Sequences at the 5' End of Influenza Virus
mRNAs. Capped eukaryotic RNAs act as primers for the syn-
thesis of influenza viral mRNAs~synthesized both in vitro and
in vivo (27, 29). In vivo, the host cell-donated sequences have
been shown to be heterogeneous by sequence analysis of dif-
ferent cloned mRNAs and by primer extension sequencing on
populations of a specific mRNA (6, 30, 31, 9); the size of these
cellular sequences is -7-15 nucleotides. The mRNA sequences
shown in Fig. 3 provide further evidence regarding the mech-
anism of this process. At the position opposite the 3'-terminal
uracil residue of the virion strand, there is predominantly, but
not exclusively; an .adenine residue (in Fig. 3, this is shown as
a thymine residue at nucleotide 1 because it is the cDNA of the
mRNA). This finding is in contrast to the complete heteroge-
neity found by Caton and Robertson (31) but supports our ear';
lier observations (6). The small amount of heterogeneity at this
position in a population ofspecific mRNAs for one RNA segment
is also represented in the nucleotides found at the position 1 in
the cloned mRNAs (30, 31). This observation lends support to
the theory that the virion transcriptase only elongates the
primer starting at the second nucleotide at the 3' end of the
virion strand (29, 32). It can also be seen in Fig. 3 that adjacent
to the preferred thymine residue in position 1, there is an in-
dication of the predominance- of a C-G dinucleotide among the
heterogeneous nucleotides. This suggests that among the
primer RNAs used, there is a selection process favoring those
having the sequence G-C-A immediately before the site of
cleavage and elongation to form influenza virus mRNAs.

Predicted Protein Sequences from the mRNA Species. The
initiation AUG codon at nucleotides 26-28 in the Ml mRNA is
the only AUG in an open reading frame that could code for a
polypeptide the size of M1. Because translation of nearly all
eukaryotic mRNAs begins with the 5'-proximal initiation codon
(33) and the M1 mRNA and M2 mRNAs contain the identical
51 virus-specific nucleotides at their 5' ends, the common prox-
imal AUG codon at nucleotides 26-28 should be used for trans-
lation of the M1 and M1 polypeptides. After the interrupted
region, translation of M2 would continue in the +1 reading
frame, so that.Ml and M2 would-share nine amino aeids at their
NH2-termini, with the remaining sequences being different.
Translation in the +1 reading frame continues to the termi-
nation codon TAA (1004-1007), which is adjacent to the poly-
adenylylation site of the mRNAs. The sequences indicate that
M1 and M2 overlap by 14 amino acids, which are translated from
different reading frames. Polypeptide M2 has been estimated
to have an apparent Mr ==15,000 on polyacrylamide gels (10),

but. the sequence indicates it contains only 97 amino acids.
Thus, the migration of the M2 polypeptide on polyacrylamide
gels, which varies among strains (10), is anomalous with respect
to size and depends on amino acid composition.

Examination of the coding potential ofmRNA3 indicates that
it would code for only nine amino acids, assuming that the 5'-
proximal initiation AUG codon is used for translation. These
amino acids would be identical to the COOH-terminal region
of the M1 protein.
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