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ABSTRACT

A Swedish fsolate of hovine papillomavirus type 1 (BPV1) was cloned and
a 4807 base pairs long sequence was determined, covering the entire late
region of the BPV1 genome and strategic parts of the early regfon. The
sequence reveals two large uninterrupted reading frames, designated L1 and
L2, which encode tentative polypeptides with molecular weights of 55.5 and
50.0 K. The promoter reqion for early transcription and the common 3'-end of
early transcripts were identified in the sequence by performing S1 nuclease
analysis of RNA isolated from a BPV1 transformed cell 1ine.

A detailed comparison between the established sequence and sequences
from human papillomavirus type la (HPVla) (1) and another BPY1l {solate (2)
was also carried out. Only five differences were found when the sequences of
the two BPY1l isolates were compared, two of which are located in reading
frame L2. The results revealed furthermore that the genomes of B8PVl and
HPVla appear to be organfzed in a very similar fashion and the homology
between reading frames L1 in BPV1 and HPV1 were partfcularly striking. A
comparison of the established BPYl sequence with sequences from SV40 and
polyomavirus revealed no significant homology.

INTRODUCTION

The papillomaviruses comprise an interesting family of viruses. Although
discovered half a century ago (3), molecular studies of the papillomaviruses
have 1n the past been precluded since no tissue culture systems are avaflable
which allow their propagation. Molecular cloning has alleviated these short-
comings and molecular studies on a number of different papililomaviruses have
been initfated in several laboratories. Papillomaviruses have been {solated
from humans and a great varfiety of animal species, including the cotton-tail
rabbit, the deer, the european elk, sheep cows and horses (for review see
Lancaster and Olson and references therein (4)). A surprising finding from
previous studfes s the relative lack of homology between the genomes of
papillomaviruses from even comparatively closely related species. The bovine
serotypes, for instance, hybridize only under low stringency conditions to
DNA from the human serotypes (5, 6, 7). It has moreover been found that
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some of the human serotypes show surprisingly weak cross- reactivity when
hybridized to each other under stringent conditions (5,8). These observations
suggest that the papillomaviruses may be subjected to a rapid genetic drift
and raise questions as to the evolution of this virus family. We have studied
the late region of bovine papillomavirus type 1 (BPV1) by nucleotide sequence
analysis and in this communication we compare our results with those obtained
by other investigators for the genomes of human papillomavirus type 1la
(HPV1a) (1) and another BPV1 isolate (2,9). The results show that papilloma-
viruses of different origins have genomes which are organized in a very
similar way and that different isolates of BPY1l have very similar sequences.
Certain landmarks on the BPV1 genome were furthermore identified by mapping
the 5'- and 3'-termini of viral transcripts present in papillomavirus trans-
formed cells.

MATERIALS AND METHODS

Isolation of virus. The original wart material was obtained from a Swedish
cow in the Gothenburg region. The virus was purified and DNA was extracted
according to already published procedures (10). The fsolate was identified as

bovine papilloma virus type 1 by its restriction enzyme cleavage pattern.
Cloning of the viral genome. The BPV1 genome was linearized by cleavage with

endonuclease Hind-III and was inserted into the corresponding cleavage site
of the pBR322 plasmid, using already published procedures (11). Subclones
containing Taql and Taql/Bcll fragments of the BPV1 genome (Fig. 1) were
inserted into the Clal and Clal/BamHI sites of the vector.
DNA sequence analysis.The method of Maxam and Gilbert (12) was followed.
Nuclease S1 analysis. The method of Favaloro et al. (13) was followed using
5'- and 3'-end labeled probes. Total cytoplasmic RNA was extracted from a
BPV1 transformed mouse cell line (Stenlund et al., in preparation) by the
method of Brawerman et al. (14).

Computer analysis of the DNA sequence. The computer program “Gene mani-
pulator®, designed by Mr. P. Andersson (15; P. Andersson unpublished
information) was used.

RESULTS

The nucleotide sequence of the late region of the BPV1 genome. The nucleotide
sequence of a 4807 base pairs (bp) long segment of the BPY1l genome was
established according to the strateqy which is outlined in Fig. 1. Cloned
restriction enzyme cleavage fragments were used for the analysis and more
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Figure 1: Upper part: A schematic drawing of the region of the BPV1 genome
which has been sequenced. Two major open translational reading frames L2 and
L1l are indicated. The horizontal arrows show the amount of sequence informat-
ion that was obtained from different restriction enzyme cleavage sites. The
lower panel of the figure shows cleavage sites for selected restriction
enzymes.Two fragments which were used for S1 nuclease analysis are also
indicated (wmm),

than 95% of the sequence was determined by sequencing both the complementary
strands. The established sequence (Fig. 2) covers the entire late region of
the BPV1 genome and some strategic parts of the early region.

Mapping of the 3'- and 5'-ends of “early® BPV1 RNA. An overlapping set of
mRNAs are transcribed from the BPV1 genome in transformed mouse cells (16,
17; Stenlund et al., in preparation). These mRNAs, which most likely corre-
spond to mRNAs expressed early after a lytic papillomavirus infection, have a
common 3'-end located at 0.52 map units near the single BamHI cleavage site
in the BPY1 genome (Fig. 1). To map the 3'-end more precisely a fragment was
3'-labeled in the Accl cleavage site at position 3965. A 230 nucleotides long
fragment was protected after S1 digestion (Fig. 3A) suggesting that the
3'-end is located around nucleotide 4195. This result is in agreement with
results reported by Heilman et al. (17).

The location of the 5'-end of the mRNAs present 1in transformed cells
has not been determined to date. The reason is that they carry leader
sequences which so far have escaped detection. In order to map the approxi-
mate Tocation of the 5'-end, mRNA from transformed cells was fractionated
using electrophoresis in formaldehyde-containing gels followed by transfer to
nitrocellulose filters and hybridization with cloned Taql fragments. The
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A 5 Figure 3A: Ident1f1cat10n
” of the common 3'-end of
2bC mRNAs from BPV1 trans-
formed cells. A probe,
3'-labeled in the clea-
vage site for Accl at
- nucleotide 3965 was used
for S1 nuclease Enalysis.
Lane (a) shows 32p-label-
ed marker fragments
derived from the pBR322
-~ ?1§sm1d. Lanes (cg and
& d) show fragments pro-
298 - 220-% tected by cytoplasmic and
il nuclear RNA from a BPV1
‘ transformed cell 1line,
respectively. Lane b
shows results obtained in
the absence of RNA.
Figure 3B: Identification
of the b'-end of nmRNAs
from BPV1  transformed
cells. A fragment, 5'-
.. labeled in the Rsal clea-
vage site at position 239
- was used as probe for
hybridization and S1 nuc-
Tease analysis. The
220~ figure shows, marker
fragments (a), fragments
154- protected by RNA from a
a be d ® " BPV1  transformed cell
1ine (c) and results

obtained in the absence
of RNA (b).

results revealed that the 5' end is located within the Taql fragment which
traverses the Hpal cleavage site (Fig. 1). For a more detailed analysis of
the 5'-end a fragment was 5'-labeled at a cleavage site for endonuclease
Rsal, Tocated at position 239 in the sequence depicted in Fig. 2. A 150 bp
long fragment was protected after S1 cleavage (Fig. 3B) which suggests that
the cap-site for “early” transcription is located close to nucleotide 90 in
the BPY1 sequence.

DISCUSSION

Features of the established sequence. The established sequence is depicted in
Fig. 2 and Fig. 1 shows the major open translational reading frames which can
be {identified in the sequence. Position zero is defined as the single Hpal
clevage site which is present in the BPYl sequence. The sequence is compara-
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tively AT rich having 44.6% GC base pairs. It has previously been determined
that the sequence which is depicted in Fig. 1 is transcribed in the right-
wards direction (16,17). Two large open translational reading frames are
present in the sequence which are designated L1 and L2 (2). Both reading
frames L1 and L2 contain ATG triplets near their 5'ends and they comprise 495
and 469 codons respectively, counted from the first ATG. The predicted amino
acid compositions of the L1 and L2 proteins are shown in Table 1. Five so-
called TATA-motifs are found in the sequence which are located in the follow-
ing positions: 58-63 (TATAAA), 4072-4077 (TATATA), 5089-5094 (TATAAA), 6859-
6864 (TATATA) and 7108-7113 (TATAAA). The TATA-box around position 60 pre-
cedes the cap-site for the “early" BPV1 transcripts, as determined in the
present study with 25-30 nucleotides and is thus likely to represent the pro-
motor region for early BPVY1 transcription. Three hexanucleotide sequences,
AAUAAA, are found in the established sequence at positions: 4179-4184, 7091-
7096 and 7155-7160. The hexanucleotide around position 4180 maps about 10
nucleotides before the common poly(A) addition site for the “early" BPY1
transcripts (Fig. 3A). The hexanucleotide between 7155 and 7160 follows im-
mediately after reading frame L1 and is therefore likely to represent the
polyadenylation signal for late mRNAs.

A search for homology between the origins for SV 40 and polyoma virus
DNA replication and the non-coding region of the established BPYl sequence
yielded negative results; a run of eight T residues present both in the SV40
and the BPV1 sequence fis the longest region of homology.
Functional implications of the structural organization of the established

sequence. Since the established sequence covers the entire late region and
also extends into the early region it would be expected to cover most of the
controlling elements for early as well as late BPY1l transcription. Other
investigators have shown that early and late genes in the BPYl genome are
located on the same strand (16,17). It {s thus conceivable that the same
promoter controls early and late BPV1 transcription and that late RNA simply
is produced through anti-termination. Alternatively the TATA-motif around
nucleotide 4075 could represent the late promoter.

It {is noteworthy that the promoter region for early transcription fis
located 58-64 nucleotides downstream from the Hpal cleavage site. It has
previously been shown that the Hpal/BamHI fragment which covers the entire
early region including the TATA-box is unable to transform cells in tissue
culture (18). Since the HindI11/BamHI fragment, in contrast, is positive for
transformation this may indicate that either an enhancer sequence element or
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Table 1
Predicted amino acid compositions of the L1 and L2 po]ypeptidesl)
Polypeptide
Amino acid L1 L2 vp12)
Lys 35 14 35
His 10 9 9
Arg 23 25 19 1) Only triplets
Asp 24 26 42 (Asx) that follow the putative
Asn 26 8 initiation ATGs were
Thr 36 50 34 considered. The entire
Ser 32 49 52 reading frame L1 contains
Glu 28 28 64 (G1x) 499 codons and the entire
Gln 25 14 L2 contains 474 codons.
Pro 31 38 25
Gly 32 42 64 2) pata from Meinke
Ala 33 33 35 and Meinke (19).
Cys 8 2 6
Val 29 31 28 3) Estimated by SDS
Ile 24 26 18 polyacrylamide gel
Leu 45 43 36 electrophoresis
Phe 20 10 14
Tyr 18 17 12
Trp 8 3 4
Met 8 1 4
95 159 50T
Molecular
weight 55.5K 50. 0K 53.5k3)

the replication origin is located between the HindIII and the Hpal cleavage
sites (nucleotides 6958-7945/0).

A sequence comparison between two BPV1 isolates. While this work was in
progress Chen et al.(2) reported the complete nucleotide sequence of another
BPY1 isolate. Their isolate (307) was collected from a cow in Wisconsin
approximately 30 years ago and the virus was kept frozen until the genome was
cloned recently (Olson, personal communication). Our isolate was collected
from a Swedish cow in 1981. The two isolates are thus clearly of different
origin and it is therefore interesting to determine the degree of nucleotide
conservation between the two genomes. A total of five differences, three of
which are transitions, were noticed (Table 2) when the 4807 nucleotides long
sequence, established in the present study, was compared to the revised BPV1
sequence (9). Two of these changes, one of which is an insertion of a single
base pair, appear to be located in non-coding regions (nucleotides 4022 and
7761 in Fig.2) whereas two of the differences, which both represent point
mutations, are found in reading frame L2. One of the latter two differences
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Table 2
SEQUENCE DIFFERENCES BETWEEN TWO ISOLATES OF Bpv1l)

POSITION NUCLEOTIDE AMINO ACID READING FRAME
strain strain strain strain
“Wisconsin® "“Sweden® "Wisconsin" “Sweden”

4022 A G - - Non coding

4922 c T Ala Val L2

5340 T A No change No change L2

7761 - C inserted No change No change Non cog]ng

138 T c No change No change E6

1)The comparison {ncludes nucleotides 3837 to 698 (4807 in total)
}g the sequence of Chen et al. (2).
As defined by Danos et al. (9).

leads to an amino acid substitution whereas one change is silent (Table 2).
Finally one mutation (nucleotide 138) is located in reading frame E6 of the
early region (9). This mutation occurs in the third position of a codon for
Asp and is silent. The sequences are thus remarkably well conserved.

A sequence comparison between the late regions of BPY1 and HPYla. Danos et

al. (1) have recently reported the complete nucleotide sequence for the HPVla
genome. A comparison between the sequence established in this study and the
corresponding HPVla sequence reveals striking similarities. Two long open
reading frames L1 and L2 are present in the HPVla sequence as well, although
these are located in different phases of the sequence (9).

The region which covers reading frame L1 is particularly well conserv-
ed, having a sequence homology of 55% when the alignment of the two sequenc-
es was optimized. A comparison at the amino acid level reveals even more
striking similarities; 253 or 51% of the residues are identical whereas
no less than 72% of the residues are homologous if the amino acids are
grouped with regard to their functional properties. Several identical hexa-,
hepta-, octa-, and nonapeptides are present in the two sequences as shown in
Fig.3A. When only residues which are known to be of strategic importance in
protein sequences were considered, the comparison reveals additional simi-
larities; most of the cysteine residues are located in precisely equivalent
positions which also is the case for proline, and particularly tryptophane
residues as shown in Fig. 4B. Silent nucleotide changes in the third codon
position are frequent in reading frame L1 (120 of 253 homologous amino acids
or 47%).

The homology between reading frames L2 in the BPV1 and HPYla genomes 1s
less striking both at the amino acid and nucleotide sequence levels. A
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HPYILL MYNVF GMAVIRLP ATNGFTLPAGRT TR S TOEHYVITR TNUF YHAHTSE RLLL VEHAL FE 1SsNQ TVTIIPKY SPNAFR VARV RF ADPNRF AF K ATANAETER
BPYILL M 0QGHKLIYLPATHY SKVLICSETYVQRK S IF YHAETTHERL L T IGHAY YPYST GAK TMPKY SANQYRVFIK 1QL PDPNQF ALPIRTVHNA SKER

VWL RATE 16RG0PLATG- TTaHALLNKIODAENP TNY 1NTHANGE SRHONTRADAK GTIMFUVEC TP ASE kW Tis RRPGE QvkLEDE ARVOM IE S VITE
[LVWAY IGVQVSRGOPL GHGTYTGHATANALLDAENY -NRKYTTQ T TEIORKG-TELDAK QQQTLULEC TP AEGE YW TITARFIGY TDRL ENGAL APLELKNK HIE|
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GPS6Y N"mm HW&L'FWQ‘NNG lmwl FLITYGDNT QGMTI jusm-}pm[mqs KFNV nﬁ»ﬁﬁvq# ;!, ELGSME LZTN)YV SHLQ

T-MoPN 1L Ao shshe e 1-nALeddl A LSS Mak dpeaarrlEPa TP visovk e vpU TERMEE Lo 0F PLGRKFUYHSMTORTA TS ST TR A TVR VI
GLM-PISVLENAE 1 GV-NPPTISSILEQTYRY IF SPTKGASNY IJAAKE -DP YAGFK FWN IDUKEKLISL OL DQF PLGRRF LAGORAGCSTVRK RK [ SQK T}S- 5K
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Figure 4A: A comparison between the predicted L1 proteins from HPVla and
BPVI. Homologous amino acid sequences are boxed.

Figure 4B: A comparison of the amino acid sequences of the predicted L1
proteins from HPVla and BPV1. Only proline, tryptophane, and cysteine
residues are indicated. The remaining residues are indicated with dashes.

comparison of the amino acid sequences is shown in Fig. 5. The homology was
estimated to be 32% for the amino acid sequence and 34% for the nucleotide
sequence. The L2 proteins are best conserved in the N-terminal part (Fig. 5)
and identical penta-, hepta and octa peptides were noticed.

Meinke and Meinke (19) have determined the amino acid composition of
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HPV1L?2 RLAPKD PS-- ISNTCPPOIQ HTTTADKTIUQ
BPV1L2 A- RIVKRASAYDLYR QAGTCPPINVI DTIADKIYK
GVFLGGLGIGTER 1G-----1 YTPUGE
AIYLGGLGIGT}-- VAAGGSPRYTPURT
Figure 5: A comparison between the predicted amino acid sequences for the
[Z proteins from HPVla and BPV1. Homologous amino acids are boxed. Only

the N-terminal part is shown since no significant homology was detected
beyond the first 80 amino acids.

the VPl protein from BPV1 and Table 1 shows a comparison between the L1, L2
and VP1 proteins. The estimated molecular weight of the VP1 protein (53.5K)
agrees well with the predicted molecular weight of the L1 protein (55.5K).
The amino acid composition of the VP1 protein is somewhat more related to
that of the L1 protein than to that of the L2 protein. The predicted compo-
sitfons of both the L1 and L2 proteins deviate, however, from that of the
VP1 protein.

The homology between the non-coding parts of the BPV1 and HPVla
sequences was found to be even less than for the L2 regions.
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