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ABSTRACT

We present the nucleotide sequence of bovine parainfluenza 3 virus
(BPIV3) genome from its 3' end to the opening region of the F gene, through
the NP, P plus C, and M genes. Comparison of the sequence with those
reported for other paramyxoviruses indicated that BPIV3 was most similar to
human parainfluenza 3 virus (HPIV3), and also very similar to Sendai virus
in the structural make-up of its genome and the amino acid sequences of its
gene products, suggesting that these three viruses constitute a
paramyxovirus subgroup from which Newcastle disease and measles viruses are
separable. In BPIV3 and Sendai virus, the NP and M proteins, the main
structural elements, were more highly conserved than the functionally
important P and C proteins. This tendency was also observed even in BPIV3
and HPIV3. Virus-specific amino acid sequences of the NP and M proteins were
found at the carboxyl and amino terminal regions, respectively. BPIV3 M mRNA
was found to have aberrations in its poly A attachment site.

INTRODUCTION

Paramyxoviruses have as their genome single stranded non-segmented RNA
of negative polarity. Recent rapid progress in gene analysis of several
paramyxoviruses will undoubtedly reveal structures specific to each virus,
as well as some common to the group, and cast light on the evolutionary
relationships among the paramyxoviruses, the molecular structure of
functional and antigenic domains of the viral proteins, mode of
transcription and replication, and molecular events that determine the
host-range specificity of the viruses.

We have been investigaing the genome structures of Sendai virus (murine
parainfluenza 1 virus ) (1, 2, 3) and bovine parainfluenza 3 virus (BPIV3),
both belonging to the paramyxovirus group. Parainfluenza 3 virus is known on
the basis of serological studies to consist of human- (HPIV3) and
bovine-specific viruses; They are antigenically distinguishable from each
other, although they strongly share common antigenic properties (4, 5). Very
recently, reports were presented on the nucleotide sequences of HPIV3 genes,

other than those of the membrane (M) and RNA polymerase (L) proteins, as
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well as its 3' terminal nucleotide sequence (leader region) (6, 7, 8, 9, 10,
11, 12). The complete genome structure of Sendai virus has already been
elucidated (1, 2, 3, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22).

To date, we have determined the complete nucleotide sequence of the 3'
proximal two thirds of the BPIV3 genome where, in sequence from the 3'
terminus, are located the leader region and the genes of the nucleocapsid
(NP), polymerase-associated (P) and nonstructural C, M, fusion (F) and
hemagglutinin-neuraminidase (HN) proteins. In this paper we present the
complete nucleotide sequence from the 3' end of viral genome RNA to the
opening region of the F gene, and compare the amino acid sequences of the
products of the NP, P+C and M genes with those of HPIV3 (6, 7, 8), Sendai
virus (1, 2, 13, 14, 15, 16), measles virus (23, 24, 25) and Newcastle
disease virus (NDV) (26). In the accompanying paper, we will present the

nucleotide sequence of the entire F and HN genes.

MATERIALS AND METHODS

Viruses and preparation of viral RNA

Complementary DNAs (cDNAs) of viral genome RNA were constructed from
the 910N strain of BPIV3, and cDNAs of mRNA from the 910N, M and SC strains.
These viral strains were described in detail previously (27, 28, 29, 30),
and in this study were used at the second passage level after three
successive single plaque isolations.

The 50S viral genome RNA of the 910N virus was purified from virions
purified from culture fluids of infected Madin-Darby bovine kidney (MDBK)
cells, as described previously (31). For preparation of the mRNAs of M and
SC viruses, trypsin-monodispersed mouse SRCDF1-DBT (1) cells in a small
volume were infected with the M or SC virus at 20 or more plaque-forming
units (PFU) per cell in the presence of 20 ug/ml DEAE-dextran, were
incubated at 37 C for 1 hr, sedimented by low speed centrifugation,
suspended in Eagle minimum essential medium (MEM) containing 5 % fetal calf
serum (FCS) and 5 % tryptose phosphate broth, and were dispensed into
plastic dishes (9 cm in diameter) at a concentration of 2x107 cells per
dish. After incubation at 37 C for 2 hr, the medium was replaced with that
containing 3 ug/ml actinomycin D, and the cells were further incubated at 37
C for 18 hr. For preparation of 910N virus mRNAs, human embryonal lung R66
cell monolayers (29) were infected with the virus at 20 PFU/cell, and were
incubated at 37 C in MEM containing 2 % FCS for 12 hr, followed by the same

medium containino 20 ug/ml actinomycin D for an additional 6 hr. The
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infected cells were lysed with guanidine thiocyanate for RNA extraction
(32), and the viral mRNAs were selected from crude RNA by oligo-(dT)
cellulose column chromatography.

Synthesis and cloning of cDNA

We previously found that treatment of the 50S Sendai virus genome RNA
with poly A polymerase at about 20-fold the amount used for the standard
polyadenylation reaction resulted in partial digestion of the RNA to the
average size of 28S which served satisfactorily as the template for
0ligo (dT) -primed cDNA synthesis by the method of Okayama and Berg (33, 34),
and we obtained a good number of cDNA clones starting from multiple sites of
the genome RNA (3). This suggested that ribonuclease and phosphatase
activities contaminated the poly A polymerase preparation. In the present
study, amount of the poly A polymerase was somewhat reduced, and 16 ug of
the 50S 910N virus genome RNA was incubated with 2 units of poly A
polymerase at 37 C for 10 min. Synthesis and molecular cloning of cDNAs from
the enzyme-treated RNA were performed by the method of Okayama and Berg
using a pcDVl-derived vector primer (33). All the cDNA clones thus far
examined were revealed to have poly A tail. CDNAs of mRNA were also
synthesized and cloned by the method of Okayama and Berg using both
pcDV1l-derived (33) and pSv7186-derived (34) vector-primers. E. coli K12
strain HB10l was transformed with the resulting recombinant plasmids (35).

Sequence determination of cDNA

CDNAs were cleaved with appropriate restriction endonucleases into
fragments, which were sequenced mainly by the dideoxy method of Sanger et
al. (36) using the M13 phage system (37). In some experiments the chemical
cleavage method of Maxam-Gilbert (38) was also employed.

Colony hybridization

Bacterial colonies carrying recombinant plasmids were screened for
viral cDNA inserts with the viral 50S RNA probe, and for overlapping cDNA
inserts with appropriate cDNA probes, as described previously (3).

In vitro translation of viral mRNA

The 910N virus mRNAs prepared as above were hybrid-arrested (39) with
viral cDNA and translated in vitro with rabbit reticulocyte lysates (40).
Translational products were analysed by sodium dodecylsulfate (SDS)- 7.5 %
polyacrylamide gel electrophoresis (SDS-PAGE) using Maizel's system (41).

In vitro transcription

Appropriate fragments cut from cDNAs were subcloned into pGEM vectors

downstream of the promotor for bacteriophage SP6 RNA polymerase and
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: X X X X 7
transcribed in vitro into RNAs in the presence of m GpppG (42). The RNAs
were subsequently translated in vitro as above.

Enzymes and other materials

ATP:RNA adenyltransferase, terminal deoxynucleotidyl transferase and
ribonuclease H were purchased from P-L Biochemicals, Milwaukee, U.S.A.;
avian myeloblastosis virus reverse transcriptase from Seikagaku Kogyo,
Tokyo, Japan; M13 cloning and sequencing kits, the rabbit reticulocyte
lysate kit, and all the radioactive compounds from Amersham International
plc, Amersham, England; pGEM3 and pGEM4 vectors from Promega Biotec,
Wisconsin, U.S.A.; SP6 RNA polymerase from Boehringer, West Germany; and
bovine alkaline phosphatase, T4 polynucleotide kinase, E. coli DNA
polymerase I, the Klenow fragment of DNA polymerase I, T4 DNA ligase and all

the restriction endonucleases from Takara Shuzo, Kyoto, Japan.
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Fig. 1. Locations of cDNA clones (P60, PT38, P54, PA203 and P95) in the
genome RNA and the sequencing strategy. The numbers in kilobases (Kb) under
the top line show nucleotide positions from the genome 3' end. Restriction
map is also presented on the top line (T; TaqI, H; HindIII, E; EcoRI, B;
BamHI, P; PstI, and K; KpnI). Arrows indicate the cDNA fragments sequenced
and the direction of sequencing. Dashed line and small box at the 3' end of
each cDNA clone represent the poly A tail and the vector sequence from the
BamHI site, respectively. Positions of the open readig frames of the 1st,
2nd and 3rd genes are denoted in the bottom.
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UGGUUUGUUC UCUUCUCUGA ACGAACCCUU AUAAUUAAGU CUAUUUUUAA UUGAAUCCUA AUUUCUUGAA ACGGCUUUCC Acuccccuas CuuuAGG:Sﬁ 100
CUAACGUUAG [JACGACUCAG AUAAACUGUG UAAGUCACGC GCAUCCGUUC ucuuAuAuu:luuuuAcuccA CCACCCCGGC AAUAGGGGCC CGUUUUUUUA] 200
thAAICGAGA ACCAGGUAGU UAUUGUCUAC UGUUGCUGUU UUACUGUAAC CGAGAAGAGA AAAACAGAGU AAGAAAUCUG UUGCUUUUUG 300
JUCGUACGUGU UUCUCGGCCU AAAGAUCAAA GAGACAAUAG UUACCGGAUA CGGUUGGGUC UUAAUAUAAA UUGUAGUUUG CCAUCAUUAC GUCUACAAUU] 400
JUAUACAGUAA AUAUACUAUC UUUUCCUGGG UCCUUCUGUU UUCAUACCAC CCGAGCAUCA AUUCUGGUCU CUCUACCAAA UACUUUUCUG UUGACUGACC] 500
ACAAGCCCU CACUAGAACU CAUACUAGUU CUGUUAUACA ACGUUUUACC GUCUUCAUGA AGAUGUUAGC UCCUAGAACA AGUAUGAAAA CCUAUAGGUA| 600
JGUACAGAACC UCGGGAAUAU UAGGUCCAAA CCUAAUAUGA ACAGUUCCGA UAUUGAUCAU AUAGUCCUAA CUCCUUCCCU AAGAAAUGAG CUAAUCUUCG] 700
JUAAAUCUGUU CUACCCUGUC AAUUUAGGUC GAACCACAAU UCGCCACUAC GUCAUCUUGU UUAACCUAGU UAAUACUCCA GAGUUGUCUC GAAUCAUUGU| 800
JcAGUACCAAC UUUGUGACUA UUGUUACUUG UGUCCAUCCU UGCUGAACUG UUGCUAUCUC UUCUUAUAUG UCUAACAUCC UUUGAUAUAU UCCCUACGUC] 900
JCAGAACGGAG UAAAAAGUUG UGUUAGUCUA UGCCGUAACU CUGAUCUUAC CGUCGAGAUU GAGACAGAUG GGAGUCUGGC CUGUAGUUAU CCGAGUUCCG 1000
UGACUAUCUC GAUAUAGAUA GUUUUCCCGG UGCACGAGGA AAAUAUACGU AAAAUUCUCU AGGACACGUA CCACUCAAGC GUGGUCCGUU GAUAGGGCGA) 1100
JGAGACCUCAA UACGCUACCC ACAUCGUCAA CAUGUUUUGU UCCGAUACGU UGUCAUACAU UGUCCUUCCA GAAUAGAUCU AUAACUUUAC AAGGUUGACC 1200
JcAGUUCGUCA CCGUGCACUA CGACUUAGCG UCUACUCGAG UUAUGAUCUC CUACUUGAUC CCCAGUGUGU CCUUCGGUUC GUUUCGAAUU UCUUUGUAUA 1300
cUUCUUGUAG UCGUCAAGUC UAUGUUGGAA GGUGUUUGGG UGUCCCCCUA GUCGAUAUCU UUACCGUUAU CUACUCCUUC GUCUCGUCGG ACUUAGAUCC] 1400
cCUCUGGUCC UAGUUCCUUU ACUCGGAGUC AGUAGGUAUC AAGGAAUACG UACCCGUCUG CUUUGGUCCU CACUAUGGGU CUGACUUAGA CAGUGUCUUUJ 1500
AGCUUUCGUA GUUUUGGCUU GUUUCUUUGU AGUCUCUGUC CGACUUGUUU U G 1600
LUUAUCUACY UAAACCUU o A UAUGUCUCUA CUAGUGGUAG UAGUCGUUGU UCAUUCUUUY 1700

UGAAUCCUAA UUGCCCUUAA 1800
1900

IAGGGUUCUCU UGUGCCGUCU GUCGUUACUU CAGUUGUGUC CCUUGUUCUC UGAGUCGUGC UGUUAGAUGG UUGAACUUAG GUUUUGUUGU CUUUGUUCGUY 2000
uc CUGUCGAACC CCGUAGUGUG CUUGCACGGU GUCUCUGUUU CUUAUCUUUA CAAUUAGUCC UCUGAUAUGY 2100
cCCUCCUUUA UCCCCUUCUU CGUCGAGUCU AUCAUCUCGA CUCUAAUACC AGUGAGCUCC v A 2200
UAGGUCCUUU CAUAACUAAU GUUACUUCAA CCUCUCUACC UAUUCCUGAG ACGAUUCUCC CUUUACGCUG UUAGAUUUCU ACAAGGUCAG UUCCAU, 2300
NCUUCACUACG GUAAGGAGGU UGUUUUGUUC AC C_UUAGAUAGUC AUGUAAACUA Acucumu_msﬁ 2400
CUGACGACGU UGUAACCUAC UACUUCUUCU UGAGGAAUAC UUCUUGUGGU CCGGUUUUUC UAUAGUCAGU UGUGGGGUCC UUCUACUGUU CCCUUAAUUY 2500
Ac el GUUAUAACCU GAUGCUUGAG CUA cuueGucuuC 2600

ue cc UUCUCUUAGU GUAGGACCUU GUAGGAGUUG UCGCUCUCGC CGUCAGCUUG 2700

GAGUCUAUGG cc GUUCCUAGUUY 2800

UGCCUACCUY uu cuc! CUAAAUGUCU CUCCCGCUAA UGUAAUAAUG UCUUAGAACC ACAUUAGGUU AGACGUCGUU| 2900
UUAAUCUGGA C A CUUCUAUCUG AAAGAUCGUC CAGAUUACUA| 3000
ACCUCAUAGU UACCUAGUAC UAUGGUUUAA UUUGGUCUAA GUCUUACUCU AUAAUUCAAA UA GAAI U A G UGUAUCUUCU 3100
AAUUAACUUU UAGUUUUUCU UGUUAAUAGU GACUAGUGUA GUAACUAGAG UUUAGAAUUU UAAUACUGUC UCUCUCCUCC CUUCUUCCUG GUUGGGCUUU 3200
c CCAAACUAGG AGAAUACCUU UGUGUCCCAU AGCUCUUUUY 3300

GUUAUCUCUU UG uc uc! C UACUCAGGUU ACGUUGGUCU 3400

el < 3500
Mwnnmmm&mmmmql 3600
CUUUAGUUGU CGUGUUCUGU UA AUUCUUUUUG 3700
:%%Tmmmmmm 3800
Zx UUCGUC AUGGAGUGUA AUCCCAACAG UCUUAUCCCC UAGGUGGGUU UGUACCUAGA UCUAUAAACC 3900
UACAGAAAGA UAAUCCGAAG AAGCUCUACC UUUCUAGUUU UCUGUCUAUA CCCUCACAUU CACUAGAUCU ACUACUAGGU UCGAUGUUUC AAACACCGAG 4000
JACCUAGCGAU GGUGAACCCA AUCGAUCUAU GUGACCUUUA CUAGUCCUUG AAGAUGUCCG ACGUUGGUUC AAUCUGUAUC UUCAUUCUUC UUGACAUUUY 4100
cGAUGUCUCU ACUAUCAGAU GUGGCAUGUC GACUUGAUAU UCAUCUAAUU CUUUCCCCUA CAACAAACUG CGAUUAUUUC] 4200
AacGucaace UUUUAAGUCC CACUAUAAGC ACUUAACGUG UCGUUAACCU AGUUAUUGAG AUAAAUUUUAS 4300
[GGGGUUUAGG UACCGUAACA AUAGUAACGG A CCUUAAGUCU GUCUAAGAUU UCCUCAUCAN 4400
JGUCUAAGAUC UACUUUUUCC ACUUUUUAGU GAUUUAAAGU ACCAAGUAGA ACCCGACUAG UUCUCCUUCU ACCCAUCUUA CAUAAGUCAA CUUAUAACAU 4500
JucGucuuUUA AcucuuCUAC uC cc ua CCCUAGUCGG AAGUACAAUU GCGUUGACCG AGAUAUAGUU UUUGUAAUCH] 4600
[PUCAGUUGAU CGUAAGUUUU CUCUUUAGAC GAUAGGGGAU UACCUAGACU UAGGCGUGAA A GUAGUCAACU 4700
GG AAGUAAUGGA CCACUUAAAU A 4800

GGACUGUGGG CUGUGGCGUC UGGUCCGAUG GGUGUCCUCU UUUUAGUUUU UGAAUCCUAG UUUCCCUAGU Geuceuugue 4900
c UUCUULUUCY CGUUUCUGGE UC c 5000

UCGUGGECUG ACUUCUGGUU UUCUUUUUCU CGUAGUCUGD RCUASURSUS 5100

Fig. 2. The RNA sequence from the 3' end of the BPIV3 genome (910N strain),
expressed in negative sense. Enclosed sequences correspond to the open
reading frames. Rl and R2 are the repeating consensus sequences.
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RESULTS

Sequencing of nucleotides from the 3' end of the viral genome

Of a total of 872 cDNA clones which were constructed from 8 ug of 910N
virus genome RNA, 117 clones were strongly positive to the viral genome RNA
probe in the colony hybridization test. Clones P60 and PT38 contained large
inserts, about 4.5 and 7 kilobases long, respectively, and it was suggested
by digestion patterns with several restriction endonucleases that the former
was part of the latter. Determination of the nucleotide sequences according
to the strategy illustrated in Fig. 1 actually revealed that both clones
initiated from the same position, since the sequences immediately following
the poly A tail were identical in the two clones. Analyses of two additional
clones, P54 and PA203 which were selected according to their digestion
patterns with appropriate restriction endonucleases, indicated that they too
started from the same position as P60 and PT38; these 4 clones showed an
identical nucleotide sequence next to the poly A tail. Moreover, except for
3 the sequence of the first 60 nucleotides was identical with that reported
for the 3' end of HPIV3 genome by direct analysis of the RNA (11), and the
first 14 were identical with the 3' end 14 nucleotides of the Sendai virus
genome (1). Thus, we concluded that these 4 clones were cDNA copies that
originated from the very 3' end of the 910N virus genome RNA. Another clone
p95, which was selected by colony hybridization using a cDNA probe cut from
the PT38 right region non-overlapping the P60, was also used as a sequencing
partner.

Figure 2 shows the RNA sequence of about 5,000 nucleotides from the 3'
end of the viral genome deduced from cDNA analysis. In this region, three
large open reading frames composed of more than 1,000 nucleotides were
detected (indicated by boxes in the figure). Each of these open reading
frames was flanked on both sides by non-coding sequences, and further
flanked upstream by the 3' consensus sequence of Rl (UCCUNNUUNC), and
downstream by the 5' consensus sequence R2 (NUNNUUUUU). This feature of the
BPIV3 genome closely resembled those found in the genomes of Sendai virus
(1, 2, 3, 22), HPIV3 (12, 26) and other paramyxoviruses, indicating that the
region starting from the top of the Rl sequence and terminating at the end
of the R2 sequence was a gene. It was also common to both BPIV3 and Sendai
virus for the genes to be connected with the trinucleotide GAA, forming
R2-GAA-R1 (1, 2, 3, 22). Thus, the first, second and third genes were
composed of 1,646, 1,995 and 1,149 nucleotides, respectively.

As observed with Sendai virus (1,13), HPIV3 (8), NDV (26) and measles
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B S H B B Fig. 3. In vitro translation of mRNAs. The
ey mRNAs were prepared from BPIV3 910N
strain-infected R66 cells (lane a) and
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ﬁvuMwJMWMWMTLE2f3,42M_J_ hybrid-arrested by a cDNA fragment from the
first gene (lane 1) or by that of the second
gene (lane 2), or prepared from uninfected
& 1:2.D cells (lane b). Translation products were

labeled with radiocactive methionine and,
without immunoprecipitaion, analysed by
SDS-PAGE. The cDNA fragments used for
hybrid-arrest are shown by arrow-lines, and the
restriction map (B; BamHI, S; Smal and H;
HindIII) and positions of the open reading
frames are illustrated in the upper part.
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virus (24), a small overlapping reading frame consisting of 603 nucleotides
was detected within the large reading frame in the 2nd gene.

The sequence of the 3' proximal 55 nucleotides upstream of the first
gene was U-rich, and terminated with the trinucleotide GAA. This region most
probably corresponded to the leader region known in Sendai virus (43).

Identification of the genes

Products of in vitro translation of hybrid-arrested mRNAs were ana-
lysed by SDS-PAGE (Fig. 3). The profile for 910N viral proteins in SDS-PAGE
was previously described (31, 44).

A cDNA fragment (Fig. 3) from the first gene arrested the NP mRNA,
resulting in disappearance of the NP protein from the electrophoresis gels.
This was clearly recognizable, regardless of whether or not immunoprecipita-
tion of translation products by hyperimmune antiserum against the 910N virus
was employed. The antiserum was raised in rabbits by multiple intravenous
doses of the purified virus (27). When the mRNAs were hybrid-arrested with a
cDNA fragment of the second gene (Fig.3), the P protein as well as a smaller
protein of around 20K could no longer be detected. This observation was
confirmed by in vitro transcription. The cDNA fragment between the HapII
site at nucleotide position 1,729 and the Pvull site at 3,685, obtained from
clone PT38, inserted into pGEM3 transcription vector cut by Accl and Smal.

This fragment covered the entire large reading frame of the second gene,
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Hapi Pvull  Psti Fig. 4. In vitro translation of pGEM-oriented
b ‘ ; PR, RNAs. Viral cDNA fragments inserted into pGEM

k t + ¥

vectors were in vitro transcribed into RNAs by

L 1 ] l'm'"“ (8 }--- SP6 RNA polymerase and the RNAs were then in

vitro translated in the presence of radioactive
methionine with rabbit reticulocyte lysates.
The translational products were analysed by
SDS-PAGE followed by autoradiography. Left;
HapII-Pvull fragment covering the entire coding
frames of the 2nd gene (indicated above) was
inserted into pGEM3, and the translational
products were analysed by 10% PAGE (lane 2).
Right; PvulI-PstI fragment covering the entire
3rd gene (indicated above) was inserted into
PGEM4, and the translational product was
analysed by 7.5% PAGE (lane 3). Lane 1 and 4
show background signals of in vitro
translation. Positions of viral structural
proteins were determined by co-electrophoresis
of purified and SDS-disrupted 910N virions.

although it lacked the 25 nucleotides of the 3' proximal non-coding region.
The RNA transcribed in vitro by SP6 RNA polymerase produced the P protein
and a small protein upon in vitro translation (Fig. 4). Since the small
protein could not be detected in virions and had a molecular weight of about
20K, and mainly on the basis of analogy with Sendai virus, it seemed highly
probable that this protein was the viral nonstructural C protein encoded by
the small overlapping reading frame. However, this remains to be
substantiated. It is also to be examined whether or not another
nonstructural C' protein, starting from the second methionine codon 129
nucleotides downstream of the first codon of the presumed C protein, exists,
as observed for Sendai virus (45).

The in vitro transcription system was also effective for identification
of the third gene product. The cDNA fragment of clone PT38 between the Pvull
site (3,685) and the PSTI site (5,046), which covered the entire third gene,
was inserted into pGEM4 vector cut by Smal and PstI. The RNA transcribed
from the inserted cDNA fragment clearly produced the M protein in in vitro
translation (Fig. 4).

Thus, the first and third genes were identified as the NP and M genes,
respectively, while the second gene was regarded as the P+C gene, the large
and small reading frames encoding the P and C proteins, respectively. As
presented in the accompanying paper, we identified the genes following the M

gene toward the 5' end as the F and then HN genes. Therefore, the gene order
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of BPIV3 was found to be the same as those of other paramyxoviruses for
which gene orders have been analysed to date (3, 12, 46, 47, 48, 49).

Comparison of genome structures of BPIV3 and other paramyxoviruses

The 3' proximal 55 nucleotides of the BPIV3 genome were compared with
other paramyxoviruses. Mismatch between BPIV3 and HPIV3 (1l1) was only 7
nucleotides, thus showing 87 % nucleotide homology. That between BPIV3 and
Sendai virus (1) was 67 %, while any combination of BPIV3, measles virus
(50) and NDV (51), or of Sendai virus, NDV and measles virus showed homo-
logies less than 40 %. However, the first eight nucleotides were completely
conserved by all these viruses, suggesting that they may be an essential
sequence in the paramyxovirus genome.

The structural make-up of the NP gene was identical in BPIV3 and HPIV3.
The 3' non-coding region including R1l, the coding frame and the 5' non-cod-
ing region including R2 consisted of 55, 1,545 and 46 nucleotides, respect-
ively, in both viruses, while those of Sendai virus consisted of 64, 1,551
and 66, respectively.

The presence of the overlapping P+C gene is regarded as one of the most
characteristic features of paramyxoviruses. However, the similarity in
structural make-up of the overlaps of BPIV3, HPIV3 (8) and Sendai virus (1,
13) was striking: the opening methionine codon of the smaller reading frame
was located 7 nucleotides downstream of that of the larger reading frame.
This structural make-up differed considerably from that of measles virus
(24), in which the initiation codon of the C protein is located 19 nucleo-
tides downstream of that of the P protein. However, the numbers of nucleoti-
des in the 3' non-coding region including R1l, the P reading frame, C reading
frame and the 5' non-coding region including R2 were different in those
viruses, being 79, 1788, 603 and 128, respectively for BPIV3, 79, 1845, 597
and 95 for HPIV3 (8), and 103, 1704, 612 and 86 for Sendai virus (1, 13).

As for the M gene, the non-coding regions and reading frames of BPIV3
and Sendai virus were of different lengths.

The gene-starting consensus sequences (here named R1l) and the
gene-terminating consensus sequences (here named R2, and which is presumably
the poly A signal) of the NP, P+C and M genes were also found in the F and
HN genes, as presented in the following paper. The Rl sequence was
UCCUAAUUUC for NP, UCCUAAUUGC for P+C, UCCUAUUUUC for M, UCCUAGUUUC for F
and UCCUUGUUUC for HN. Thus, the R1 of BPIV3 could be expressed as
3'-UCCUNNUUNC-5' which is most similar to 3'-UCCUNNUUNC-5' of HPIV3 (12),
and also very similar to 3'-UCCCNNUUNC-5' of Sendai virus (1, 2, 3, 22).
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HPIV3 «e<...P..F.H.A..*.DG...... *Q....*GN...DR..QA..S*N..... [ I

Sendai V. .NADIDL."AHA..DARGWGGDSGER..RQVSGGHFVTLHGAERLEEETNDEDVSD
BPIV3 LNKRLNEKRKQSDPKSTNIANDTNQTEIDDLFSAFGNN (515)

HPIV3 ceee..*.* .GSQP...PT.R...D..... N...S. (515)
Sendai *E*.*AM*LAERRQEILQPMEMKAAIT*SIMTKMTIPQQ (517)

BPIV3 NP PROTEIN MOLECULAR WEIGHT = 57354

ALA= 36 6.99% ASN= 27 5.24% ASP= 32 6.21% ARG= 27 5.24%
cys= 2 .39% GLN= 29 5.63% GLU= 33 6.41% GLY= 34 6.60%
HIS= 6 1.17% ILE= 37 7.18% LEU= 46 8.93% 1LYS= 26 5.05%

MET= 17 3.30% PHE= 18 3.50% PRO= 16 3.11% SER= 45 8.74%
THR= 38 7.38% TRP= 4 .78% TYR= 16 3.11% VAL= 26 5.05%

Fig. 5. Comparison of the deduced amino acid sequence of the NP protein of
BPIV3 with those of HPIV3 and Sendai virus, and the deduced amino acid
composition of BPIV3 NP protien. The amino acid sequences are aligned by
insertion of minimal gaps to show the maximum homology between viruses. (.);
identical amino acid with that of BPIV3. (*); amino acid of similar nature
to that of BPIV3 (R and K, S and T, D and E, and, I, L and V). Underlines
indicate the regions also conserved fairly well by both NDV and measles
virus.

However, it was less closely related to both 3'-UCCNNNUNN-5' of measles
virus (23, 24, 25, 50) and 3'-UNNNCNNNNNNC-5' of NDV (26, 52). On the other
hand, although the R2 of Sendai virus is without exception AUUCUUUUU, the R2
of BPIV3 varied from gene to gene, being AUUCUUUUU for NP and P+C, UUAGUUUUU
for M and AUGUUUUUU for F and HN; thus it could be generally represented as
NUNNUUUUU, which is also the case with HPIV3 (12).

Sequence analyses of cDNA clones derived from viral monocistronic mRNAs
revealed that their 3' terminal poly A tails, except for some derived from

the M gene, immediately followed the complementary R2 sequence, and that
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BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai
Measles

BPIV3
HPIV3
Sendai

BPIV3
HPIV3
Sendai

BPIV3

ALA=
CyYs=
HIS=
MET=
THR=

MENNAKDNQIMDS WEEGSGDKSSDISSALDIIEFILSTDSQENTADSN EVNTGNK
..SD..NY..... ...EPR...*N.....N.........P..DLS*ND T*..RTQ
.*QD.FILKE ..EV.REAPGGRES*.DV*GF**A*_ **PT*IGG.RSWLHNT*..PQG
.AEEQARHVKNGLECIRALKAEPIG .L.**EAMAAW.EI.DNPGQ*RATCRE.KAGSSG

RLSTTIYQLESKTTETSKENSGSVNENRQLGASHERATETK NRNVNQETIQGGN
Q..A..C.P.I.P....EKV...TDK...S.5...CT..A. D..*D...*...S
PG.AHRAKS.GEG .V. *P.TQ*..SGEE.RVSGRT*.PEAEAHAG. *DKQN.HRAF

. .KPCLSAIG *..GGAPRIRGQGPGESDDDAETLGIPP*NLQASSTGLQCYY *YDHS

RGRSSSDSRAEIMVTRGISRSSPDPNNGTQIQESIDYNEVGEMDKDSAKREMRQSKDVPV
GR.........TV.*G...G.IT.SK....NT.N..L..*RK.....IE.K....A...S
G..*G*N.VSQDLGDG.D.GILEN.P.ERGYPR.GIED.NR. .AAHPD..GED.AEG*.E
GEAVKGIQD.*SIMVQSGLDGDSTLSG.DNES.NS.V **_ P .T*GYAITD.G.AP*SM

KVSRSDAIPPTKQDGNGDDGRSMESISTFDSGYTSIVTAATLDDEEELLMKNTRPKRYQS
E*.G..V.FT.E.SR.S.H. . .L.P...P.*RSM.*, ... .P.....*....* M.*SS.
E.RG.TS*.DEGEG.ASNN.....PG.*HSARV.G**VIP*P*L..A* . R*_.K.RPTNSG
GFRA..VE TAEGGEIH*LL. LQ.RGNNFPKLGKT*NVPPPP.PGRASTSG.PI.*GTE

TPQEDDKGIKKGVG KPEDTNKQSPILDYELNSKGSKRNQKTLK IS TTTGES TRPQ
SHoLLL. R....G.G.GK.WF.K.RDT.NQTS*SDH.PTS.GQ.K..KT...NTD .*G.
*KPLTPAT*PGTRSPPLNRY.STGSPPGKPPS*QDEHI.SGDTPA*RVKDRKPPIG. .

RRLASFGTEIAS*LTGGATQCARKSPS*PSGPGAPAGNVPEC*SNAALIQEWTPESGTTI

SGSQ GKRITSWNILNSESGSRTESTSQNSQIPTSGKSNTVGPGRTTLESRIKTQKT
*E*.TESSETQSP...P*IDNNTD...Q..TTPPTT.PKS*R.KESI..NS..*P.....

.V*DC.ANGRSIHPGLETD*
.PRSQNNEEGGDYYDDE.F.*VQDIKTALAKIHEDNQKII.KLESLLLLKG.VESIKKQI

DGKEREDTEESTRFTERAITLLONLGVIQSAAKLDLYQDKRVVCVANVLNNADTASKIDF
D T T . -
TK.GIG*NTS. MK.M. ...TS.......QEF*SSR.ASY.FARRA.KS.NY.EMTFN
NRQNISI*TLEGHL*SIM. A*PG..KDPNDPTA.*EINPD*KP*IGRDSGRAL.EV*KK

LAGLMIG VSMDHDTKLNQIQNEILSLKTDLKKMDESHRRLIENQKEQLSLITS
cee.VoL ceeeN o T e MUN AL T i ie e Y i
*C..I*SAEKSSARKVD*NKQL.K...ES*E.F*DTY.* FS.Y....N..*M.

PVASRQLQGMTNGRT.SRG QL.KEF.LKP*GK.MSSAVGFVPDTGPASRSVIR .*.K.

LISNLKIMTERGGKKDQPENSGRTPMIKTKAKEEKIKKVRFDPLMETQGIEKNIPDLYRS

cetetesceassas . N.N.SNE.VS.....L...... I U T R . |

N* . T.H.I.*....T.NT*SLT.*.S*FA.S..N.T.AT....S...LEDM.YK...I.E
.R.EEDRK.YLMTLLD*IK.ANDLA.FHQMLM..IMK (507)

IEKTPENDIQIKSDINRSNDESNATRLVPKRTSNTMRSLITIIINNSNLSSRAKQSYINEL
AGN.L...*.*, . * LS.YN. B A - U 2 SRS Jo1-5 SN
D.FRD.IRNP*YQ*RDTEPRA...*. .* .S*EKP..H..R** ES.P..RAE.AA.*KS.

KLCKSDEEVSELMDMFNEDVSSQ (596)
SHo.oL.o. ... ...... . NNAKDQIKKTTPNK (615)
SK..*.Q..KA* *LVE..*E.LTN (568)
P PROTEIN MOLECULER WEIGHT = 66409

20 3.36% ASN= 46 7.72% ASP= 43 7.21% ARG= 36 6.04%

2 .34% GLN= 31 5.20% GLU= 52 8.72% GLY= 34 5.70%
3 .50% ILE= 44 7.38% LEU= 38 6.38% LYS= 51 8.56%
16 2.68% PHE= 6 1.01% PRO= 18 3.02% SER= 74 12.42%
51 8.56% TRP= 2 .34% TYR= 8 1.34% VAL= 21 3.52%

Fig. 6. Comparison of the deduced amino acid sequence of the P protein of

BPIV3 with those of HPIV3, Sendai virus and measles virus,

amino acid composition of BPIV3 P protein. See the legend for Fig. 4.

and the deduced

some clones conserved the complete complementary Rl sequence with no extra

nucleotides at their 5' ends (data not shown). An unexpected finding was

that two cDNA clones,

one derived from the M mRNA of SC virus and the other
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from the M mRNA of M virus, carried the poly A tail beginning 67 and 69
nucleotides, respectively, downstream of the R2 end of the M gene, i.e.,
within the 3' non-coding region of the F gene, although these clones showed
exactly the same nucleotide sequence as the 910N virus around the M-F gene
junction. On the other hand, however, other two cDNA clones derived from the
M mRNA of M virus were demonstrated to have the poly A tail immediately
following the R2 sequence (data not shown).

Comparison of deduced amino acid sequences of the NP, P, C and M

proteins of BPIV3 and other paramyxoviruses

The deduced amino acid sequence of the NP protein of BPIV3 is shown in
Fig. 5 along with those of HPIV3 and Sendai virus. Although we determined
each part of the sequence by analyzing two or more independent cDNA clones,
the calculated molecular weight of the protein (57K) was much less than that
estimated (68K) by SDS-PAGE (44). The same situation has been reported for
HPIV3 (6, 7). Moreover, although the calculated molecular weight of the NP
protein of BPIV3 was very similar to that of Sendai virus (57K), the latter
moved significantly faster than the former in SDS-PAGE (31). Many recent
papers have reported such descrepancies between the calculated and SDS-
-PAGE-estimated molecular weights of viral proteins.

The amino acid sequence of the BPIV3 NP protein was very similar to
that of the HPIV3 NP protein (6, 7); 76 of the total 515 amino acid residues
were different, thus showing 86 % homology. Of the 76 amino acid
substitutions, 41 were located within the carboxyl terminal quarter where
the homology was 67 %. The NP protein of BPIV3 also showed a fairly high
homology with that of Sendai virus (1, 14, 15), being 59 % in total.
However, the carboxyl terminal quarter again showed less homology, only 15
%, while the middle half showed about 80 % homology.

As with HPIV3 (6, 7), the middle part of the NP protein of BPIV3 shared
fairly well-conserved sequences with those of measles virus (23) and NDV
(26) (underlined sequences in Fig. 5), but the total homologies between them
were only about 20 %.

Compared with the NP protein, the P protein (Fig. 6) showed slightly
less amino acid homology, 62 %, between BPIV3 and HPIV3 (8). Furthermore,
the P protein of BPIV3 was quite different from that of Sendai virus (1,
13), the amino acid homology of the total protein being only about 20 %,
though the carboxyl terminal half showed a significant homology, 31 %.
Comparison of BPIV3 and measles virus (24) indicated that there was only a

coincidental and therefore insignificant homology (less than 10 %) between
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BPIV3 MLKTIKSWILGKRDQETSHLTSHRP STSLN SYSAPTPKRT RQTAMKSTQGTRDS
HPIV3 ... ..., CJINQ.TLP.. tiver iiiiae. *.Y.K TTQ...EPSN.
Sendai MPSF..K. LK*R.*. ..DESR*RMLSD.*M. SCRVNQL SEG.EAG*TTP. LPK .0
Measles .S..DWNAS .LSRPSP.AHWPS.KLWQHGQKYQ*TQDRSEPPAGKRRQAVRV*ANH
BPIV3 ARQSTNLNP KQQKQAKKIVDQLTKIDSLGHHTNVPQRQRIEHLIRRLYREEIGEE
HPIV3 .PP.V.QKS N.o oo Vo ittt .'.'..l...'... x L.
Sendai .LLIEPKVRAKE <S.HRRP..* *R***_ _ EQASQR.*HM*. N** TGP*.
Measles .S.QLDQLKAVHLASAV'DLE'AHTT.KLW'.PQEI‘RHQALGYSVIHFHITAVKR'R.S
BPIV3 AAQIVELRLWSLEESPEAAQILTMEPKSRKVLITMKLERWIRTLLRGKCDNLKMFQSRYQ
HPIV3 ... ... ... LT T Q...A...
Sendai LV.T*Y..*.AM..*. .SLK..Q.REDI.DQ**K..T...*...*, .EKTK..D..K..E
Measles KMLT*SWFNQA.MVIAPSQEET .NL.*AMW**ANL*P.DML*.T . .L.PSLWGSGL
BPIV3 EVMPFLQONKMETVMMEEAWNLSVHLIQDIPA (201)
HPIV3 eeeSY. ... Veeeleeeeeaeaaannan Q (199)
Sendai «..H.Y.MKE.V.Q.I..... S.AR.** * (204)
Measles L .LK..KEGRS.SS (186)
BPIV3 C PROTEIN MOLECULER WEIGHT = 23509
ALA= 10 4.98% ASN= 7 3.48% ASP= 6 2.99% ARG= 17 8.46%
cys= 1 .50% GLN= 17 8.46% GLU= 16 7.96% GLY= 5 2.49%
HIS= 5 2.49% ILE= 13 6.47% LEU= 21 10.45% 1LYS= 16 7.96%
MET= 10 4.98% PHE= 2 1.00% PRO= 9 4.48% SER= 16 7.96%
THR= 16 7.96% TRP= 4 1.99% TYR= 3 1.49% VAL= 7 3.48%

Fig. 7. Comparison of the deduced amino acid sequence of the C protein of
BPIV3 with those of HPIV3, Sendai virus and measles virus, and the deduced
amino acid composition of BPIV3 C protein. See the legend for Fig. 4.

the P protein amino acid sequences; this was also the case between Sendai
and measles viruses. Characteristics common to the P proteins of BPIV3,
HPIV3, Sendai virus and measles virus were that they were all hydrophilic
and were rich in Thr and Ser residues, the latter providing sites for
phosphorylation. The calculated molecular weight of the BPIV3 P protein
(66K) was again different from that estimated (81K) by SDS-PAGE (44).

The amino acid homology between the C proteins of BPIV3 and HPIV3 (8)
was 76 % (Fig. 7), while that between BPIV3 and Sendai virus (1, 13) was 35
% as a whole. However, the latter reached a considerably higher level, 43 %,
in the carboxyl terminal two thirds. This indicated that the amino terminal
one third was very different in the two viruses. The C proteins of BPIV3,
HPIV3 and Sendai virus had virtually no homology with that of measles virus
(24), although they were all strongly basic.

The amino acid sequence of the M protein (Fig. 8) was conserved fairly
well by BPIV3 and Sendai virus (2, 16), showing 62 % homology as a whole, as
was observed for the NP protein. In contrast to the NP protein, however, an
area with less homology (50 %) was found in the amino terminal quarter. Only
the M protein showed fairly high homologies between the BPIV3-Sendai virus
group and measles virus (25), being 34 % between BPIV3 and measles virus,

and 33 % between Sendai and measles viruses. The measles M protein differed
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BPIV3 MSITNSAIYTFPESSFSDNGNIEPLPLKVNEQRKAVPHIRVVRIGDPPKHGSRYLDVFLL
Sendai MAD..R..KF.YE...T*..... FTGPD*. . Y. L L L.VLLL L YL
Measles M*Q..D.DK.AWDIK.S.A.*QPTTYSDG*L..Q*..*DP.LGD*KDECFMYM. ..
BPIV3 GFFEMERSKDRYGSVSDLDDDPSYKVCGS GSLPLGLARYTGNDQELLQAATKLDIEVR
Sendai «...TP*QTTNL......T*PT..S*... R L SR S K.C.D.R.T..
Measles VYV .S..LGPPI.RAF......*G.S.AKPEK..KE..E...V

BPIV3 RTVKATEMIVYTVQONIKPELYPWSSRLRKGMLFDANKVALAPQCLPLDRGIKFRVIFVNC
Sendai c. %Gl M.DS.GAP.L...G...Q..*.N............ *.*D.*L..*...G
Measles ..AGLN.K* . FYNNTPLTL.T..RKV.TT.S*.N..Q.CS.VNL*...TPQ*...*YMSI
BPIV3 TAIGSITLFKIPKSMALLSLPNTISINLQVHIKTGIQTDSKGVVQILD EKGEKSLNFMV
Sendai LS*.A..*A....*L.D.A...*. . * L.T*....S.*Q...*P*.. *Q...K.....
Measles .R*SDNGYYT*.*R.LEFRSV.A*AF..L.T**IDKAI .PGK.* . NTEQLPEAT...
BPIV3 HLGLIKRKMGRMYSVEYCKQKIEKMRLLFSLGLVGGISLHVNATGSISKTLASQLAFKRE
sendai . L *. . ..F..QUN.**_ _ . FM....W..A
Measles A cee..G.*.A..G*..T...*RS..KM....HA..G..*T
BPIV3 ICYPLMDLNPHLNLVIWASSVEITRVDAIFQPSLPGEFRYYPNIIAKGVGKIRQ (351)
Sendai *LF....* ..MMl L AL L .G LU LAY RY L L L N YL UKL (348)

Measles *......*.ED..R**.R.RCK.V.*Q.*L...*.Q...1.DD*.INDDQG*FKVL(335)

BPIV3 M PROTEIN MOLECULER WEIGHT = 39309

ALA= 17 4.84% ASN= 15 4.27% ASP= 16 4.56% ARG= 20 5.70%
CYsS= 5 1.42% GLN= 12 3.42% GLU= 16 4.56% GLY= 24 6.84%
BIS= 6 1.71% 1ILE= 29 8.26% LEU= 39 11.11% LYS= 26 7.41%

MET= 10 2.85% PHE= 14 3.99% PRO= 19 5.41% SER= 29 8.26%
THR= 15 4.27% TRP= 2 .57% TYR= 12 3.42% VAL= 25 7.12%

Fig. 8. Comparison of the deduced amino acid sequence of the M protein of
BPIV3 with those of Sendai virus and measlels virus, and the deduced Amino
acid composition of BPIV3 M protein. See the legends for Fig. 4.

mostly from the other viruses in the amino terminal quarter, showing only
about 10 % homology. As pointed out previously by Bellini et al. (25), it is
noteworthy that 13 Gly, 9 Pro and 20 basic amino acid residues (Arg or Lys)
were conserved at the same positions in the M proteins of these three
viruses. Furthermore, eight corresponding positions were occupied by the
hydroxyamino acid residues, Ser and Thr. BPIV3 M protein's deduced molecular
weight (39K) was fairly consistent with that estimated by SDS-PAGE (36K).
The amino acid sequence of HPIV3 M protein has not yet been reported.

The above amino acid homology observations are summarized in Table 1.

DISCUSSION

The present study elucidated the complete nucleotide sequence of the
BPIV3 genome RNA from the 3' end to the terminal point of the M gene. The
gene order and the presence of the overlapping P+C gene, as well as the
consensus Rl and R2 sequences are characteristics common to other
paramyxoviruses.

The nucleotide sequence homology of the leader region clearly indicates

that BPIV3 and HPIV3 are most closely related to each other and also show a

2940



Nucleic Acids Research

Table 1. Amino acid homologies (%) of
viral proteins between viruses.

Protein
Combination NP P C M
BPIV3 - HPIV3 86 62 76

BPIV3 - Sendai 58 24 35 62
BPIV3 -~ NDV 18 <10
BPIV3 - Measles 20 <10 11 36
Sendai - NDV 18 <10
Sendai - Measles 18 <10 11 33

NDV - Measles 19 <10

high resemblance to Sendai virus. It is also clear that these three viruses
are quite different from measles and Newcastle disease viruses, the latter
two being again different from each other. However, all five viruses
conserve eight nucleotides at the very 3' end of the genome, suggesting that
this sequence is an important element of the paramyxovirus genome.

Comparison of the NP gene of BPIV3 with that of HPIV3 provided a
further molecular basis for their current classification. They are much more
closely related to each other than to Sendai virus, since their gene nucleo-
tide and gene product amino acid sequences show extremely high homologies
compared to those between BPIV3 and Sendai virus. Moreover, the numbers of
nucleotides in the non-coding regions and reading frames are identical in
BPIV3 and HPIV3, but different in BPIV3 and Sendai virus. However, the level
of difference between BPIV3 and HPIV3 is greater than that detectable among
strains of the same virus. For example, the NP proteins of Sendai virus 2
and Enders strains (1, 15) show only 15 different amino acids out of a total
of 517 residues, whereas the difference between BPIV3 and HPIV3 is 76 out of
515. These findings support the conclusion that, although BPIV3 and HPIV3
belong to the parainfluenza 3 virus group, they are separable subtypes. This
view is further supported by the finding that the amino acid homologies of
the P as well as C proteins in BPIV3 and HPIV3 are somewhat but
significantly lower than that of the NP protein, and that the two proteins
in each virus contain different numbers of amino acids.

The present study also demonstrated similarity as well as
dissimilarity between the genome and gene structures of BPIV3 and Sendai
virus. The leader region, the nucleotide sequences of the NP and M genes and

the structural make-up of the overlapping P+C gene are strikingly similar
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between the two viruses. Accordingly, the NP and M proteins, which are
fundamental elements in the maintenance of the virion structure, are very
similar in the two viruses, both showing about 60 % homologies. However, it
is interesting that the carboxyl terminus of the NP protein and the amino
terminus of the M protein show reduced levels of homology, indicating that
these regions harbor viral specificity. A similar observation was reported
with measles and canine distemper viruses, both belonging to the
paramyxovirus morbilli virus subgroup; the viruses have very similar NP
protein amino acid sequences, but a considerable difference is detectable in
the region proximal to the carboxyl terminus (25). Recently, lack of
homology at the amino terminus of M proteins of NDV, Sendai virus and
measles virus was also reported (53).

On the other hand, the homologies of the P and C proteins between BPIV3
and Sendai virus are lower than those of the NP and M proteins. This indi-
cates that a great deal more virus specificity exists in the functionally
rather than the structurally important proteins, although the functions of
the P and C proteins remain obscure. In both P and C proteins, differences
in amino acid homology in BPIV3 and Sendai virus are more obvious in the
region proximal to the amino terminus than in the region proximal to the
carboxyl terminus. Moreover, when the BPIV3-Sendai virus group is compared
with measles virus, the amino acid homologies are relatively high in the
structurally important NP and M proteins (about 20 % and 30 %,
respectively), while there is virtually no homology in the functionally
important P and C proteins.

These observations suggest that although paramyxoviruses conserve
common structural elements as well as a common mode of genome transcription
and replication, each virus may have virus-specific elements in their
multiplication. Such virus specificity might be concerned with either host
cell factors needed for transcription and replication, or with Rl and R2
signal sequences which are subtly different from virus to virus, or with
both. In this context, it is important to compare the viral RNA polymerase
genes, i.e., the L genes of paramyxoviruses, and for this reason we are now
sequencing the BPIV3 L gene.

One of the characteristic findings of the present study was that the
poly A tails of two mRNAs of BPIV3 M gene were found to begin several tens
of nucleotides downstream beyond the R2 sequence whereas those of other two
M mRNA were revealed to start from the R2 sequence. This seems to be

correlated with the extremely long U-rich sequence in the non-coding region
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of the following F gene where R2-like sequences could be detected, and also
with the considerable variation in the R2 sequence from gene to gene; such a
situation could cause the RNA polymerase to incorrectly recognize the
polyadenylation signal. Recently, Spriggs and Collins (12) reported that
read-through frequently occurred in transcription of HPIV3 M gene, in which
the same situation as above was observed. It would be interesting to

evaluate the biological significance of such a miss-read.
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