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ABSTRACT
A Swedish Isolate of bovine paDiliomavirus 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 region. The
sequence reveals two large uninterrupted reading frames, designated LI and
L2, which encode tentative polypeptides with molecular weights of 55.5 and
50.0 K. The promoter region for early transcription and the common 3'-end of
early transcripts were Identified 1n the sequence by performing SI nuclease
analysis of RNA Isolated from a BPV1 transformed cell line.

A detailed comparison between the established sequence and sequences
from human pap1llomav1rus type la (HPVla) (1) and another BPV1 Isolate (2)
was also carried out. Only five differences were found when the sequences of
the two BPV1 Isolates were compared, two of which are located In reading
frame L2. The results revealed furthermore that the genomes of BPV1 and
HPVla appear to be organized 1n a very similar fashion and the homology
between reading frames LI 1n BPV1 and HPV1 were particularly striking. A
comparison of the established BPV1 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 available

which allow their propagation. Molecular cloning has alleviated these short-

comings and molecular studies on a number of different pap1llomav1ruses have

been In i t ia ted 1n several laboratories. Papillomaviruses have been Isolated

from humans and a qreat variety of animal species, Including the cotton-tall

rabbi t , the deer, the european elk, sheep cows and horses (for review see

Lancaster and Olson and references therein (4)) . A surprising finding from

previous studies Is the relat ive lack of homology between the genomes of

papilloroaviruses 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). I t has moreover been found that
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some of the human serotypes show surprisingly weak cross- reac t i v i t y when

hybridized to each other under stringent conditions (5 ,8) . These observations

suggest that the pap111 omaviruses may be subjected to a rapid genetic d r i f t

and raise questions as to the evolution of th is virus family. We have studied

the late region of bovine papillomavirus type 1 (BPV1) by nucleotide sequence

analysis and in th is communication we compare our results with those obtained

by other Investigators for the genomes of human pap1llomav1rus type la

(HPVla) (1) and another BPV1 isolate (2,9) . The results show that papilloma-

viruses of d i f ferent or igins have genomes which are organized 1n a very

similar way and that d i f ferent isolates of BPV1 have very similar sequences.

Certain landmarks on the BPV1 genome were furthermore Ident i f ied by mapping

the 5 ' - and 3'-term1n1 of v iral transcripts present in papillomavirus trans-

formed ce l l s .

MATERIALS AND METHODS

Isolat ion of v i rus. The original wart material was obtained from a Swedish

cow 1n the Gothenburg region. The virus was pur i f ied and DNA was extracted

according to already published procedures (10). The Isolate was Ident i f ied as

bovine papilloma virus type 1 by I ts res t r ic t ion enzyme cleavage pattern.

Cloning of the v i ra l genome. The BPV1 genome was l inearized by cleavage with

endonuclease H1nd-111 and was inserted into the corresponding cleavage s i te

of the pBR322 plasmid, using already published procedures (11). Subclones

containing TaqI and Taql/Bcl l fragments of the BPV1 genome (F1g. 1) were

Inserted into the Clal and Clal/BamHI sites of the vector.

DNA sequence analysis.The method of Maxam and Gilbert (12) was fol lowed.

Nuclease SI analysis. The method of Favaloro et a l . (13) was followed using

5 ' - and 3'-end labeled probes. Total cytoplasmic RNA was extracted from a

BPV1 transformed mouse cel l Hne (Stenlund et a l . , in preparation) by the

method of Brawerman et a l . (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 la te region of the BPV1 genome. The nucleotide

sequence of a 4807 base pairs (bp) long segment of the BPV1 genome was

established according to the strategy which 1s outlined 1n F1g. 1 . Cloned

res t r ic t ion 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
LI are Indicated. The horizontal arrows show the amount of sequence Informat-
ion that was obtained from different restr ict ion enzyme cleavage si tes. The
lower panel of the figure shows cleavage sites for selected restr ic t ion
enzymes.Two fragments which were used for SI nuclease analysis are also
Indicated ( — ) .

than 95% of the sequence was determined by sequencing both the complementary

strands. The established sequence (F1g. 2) covers the entire late region of

the BPV1 genome and some strategic parts of the early region.

Happing of the 3 ' - and 5'-ends of 'early* BPV1 RNA. An overlapping set of

mRNAs are transcribed from the BPV1 genome 1n transformed mouse cells (16,

17; Stenlund et a l . , 1n preparation). These mRNAs, which most l ike ly corre-

spond to mRNAs expressed early after a l y t i c papillomavirus Infect ion, have a

common 3'-end located at 0.52 map units near the single BamHI cleavage site

1n the BPV1 genome (F1g. 1). To map the 3'-end more precisely a fragment was

3'-labeled 1n the Accl cleavage site at position 3965. A 230 nucleotides long

fragment was protected after SI digestion (Fig. 3A) suggesting that the

3'-end is located around nucleotide 4195. This result 1s 1n agreement with

results reported by Heilman et a l . (17).

The location of the 5'-end of the mRNAs present 1n 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 location of the 5'-end, mRNA from transformed cells was fractionated

using electrophoresis in formaldehyde-containing gels followed by transfer to

nitrocellulose f i l t e r s and hybridization with cloned Taql fragments. The
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220 —

3 D C Cl

Figure 3A: Identi f icat ion
B a hp of the common 3'-end of

" w v " mRNAs from BPVl trans-
formed ce l ls . A probe,
3'-labeled 1n the clea-
vage si te for AccI at
nucleotide 3965 was used
for SI nuclease analysis.
Lane (a) shows ^ 'p- label-
ed marker fragments
derived from the pBR322

• * plasmid. Lanes (c) and
(d) show fragments pro-

220-^fc tected by cytoplasmic and
nuclear RNA from a BPVl
transformed cell l i ne ,
respectively. Lane b
shows results obtained 1n
the absence of RNA.
Figure 3B: Identi f icat ion
of the 5'-end of mRNAs
from BPVl transformed
ce l ls . A fragment, 5 ' -
labeled 1n the Rsal clea-
vage site at position 239
was used as probe for
hybridization and SI nuc-
lease analysis. The
figure shows, marker
fragments (a), fragments

154-flfc protected by RNA from a
fc BPVl transformed cell
W l ine (c) and results

obtained 1n the absence
of RNA (b).

results revealed that the 5' end 1s located within the TaqI fragment which

traverses the Hpal cleavage site (F1g. 1). For a more detailed analysis of

the 5'-end a fragment was 5'-labeled at a cleavage si te for endonuclease

Rsal, located at position 239 1n the sequence depicted 1n F1g. 2. A 150 bp

long fragment was protected after SI cleavage (Fig. 3B) which suggests that

the cap-site for "early" transcription 1s located close to nucleotide 90 in

the BPVl sequence.

DISCUSSION

Features of the established sequence. The established sequence 1s depicted 1n

Fig. 2 and Fig. 1 shows the major open translational reading frames which can

be Identif ied 1n the sequence. Position zero 1s defined as the single Hpal

clevage site which Is present in the BPVl sequence. The sequence 1s compara-
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t i ve ly AT rich having 44.6% GC base pairs. I t has previously been determined

that the sequence which 1s depicted in F1g. 1 is transcribed 1n the r ight -

wards direction (16,17). Two large open translational reading frames are

present 1n the sequence which are designated LI and L2 (2). Both reading

frames LI and L2 contain ATG t r i p le t s near their 5'ends and they comprise 495

and 469 codons respectively, counted from the f i r s t ATG. The predicted ami no

add compositions of the LI and L2 proteins are shown 1n 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 1n the

present study with 25-30 nucleotides and is thus l ike ly to represent the pro-

motor region for early BPV1 transcript ion. Three hexanucleotide sequences,

AAUAAA, are found 1n 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 si te for the "early" BPV1

transcripts (Fig. 3A). The hexanucleotide between 7155 and 7160 follows Im-

mediately after reading frame LI and 1s therefore l ike ly 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 BPV1 sequence

yielded negative results; a run of eight T residues present both 1n the SV40

and the BPV1 sequence is 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 1t would be expected to cover most of the

control l ing elements for early as well as late BPV1 transcr ipt ion. Other

Investigators have shown that early and late genes 1n the BPV1 genome are

located on the same strand (16,17). I t 1s thus conceivable that the same

promoter controls early and late BPV1 transcription and that late RNA simply

is produced through anti-term1nat1on. Alternatively the TATA-mot1f around

nucleotide 4075 could represent the late promoter.

I t 1s noteworthy that the promoter region for early transcription 1s

located 58-64 nucleotides downstream from the Hpal cleavage s i te . I t has

previously been shown that the Hpal/BamHI fragment which covers the entire

early region Including the TATA-box 1s unable to transform cel ls 1n tissue

culture (18). Since the Hindlll/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 add compositions of the LI and L2 polypeptides1)

Amino add

Lys
His
Arg
Asp
Asn
Thr
Ser
Glu
Gin
Pro
Gly
Ala
cys
Val
He
Leu
Phe
Tyr
Trp
Met

Molecular
weight

LI

35
10
23
24
26
36
32
28
25
31
32
33

8
29
24
45
20
18
8
8

755"

55.5K

Polypeptide
L2

14
9

25
26
8

50
49
28
14
38
42
33

2
31
26
43
10
17
3
1

W5

50. OK

35
9

19
42 (Asx)

34
52
64 (Glx)

25
64
35
6

28
18
36
14
12
4
4

BUT

53.5K3)

!) Only t r ip le ts
that follow the putative
in i t i a t i on ATGs were
considered. The entire
reading frame LI contains
499 codons and the entire
L2 contains 474 codons.

2) Data from Meinke
and Meinke (19).

3) Estimated by SOS
polyaery 1 amide gel
eiectrophoresis

the replication origin 1s located between the Hindl l l and the Hpal cleavage

sites (nucleotides 6958-7945/0).

A sequence comparison between two BPV1 isolates. While this work was 1n

progress Chen et al . (2) reported the complete nucleotide sequence of another

BPV1 isolate. Their isolate (307) was collected from a cow in Wisconsin

approximately 30 years ago and the virus was kept frozen unt i l the genome was

cloned recently (Olson, personal communication). Our isolate was collected

from a Swedish cow 1n 1981. The two Isolates are thus clearly of different

origin and i t 1s therefore interesting to determine the degree of nucleotide

conservation between the two genomes. A total of f ive differences, three of

which are t ransi t ions, were noticed (Table 2) when the 4807 nucleotides long

sequence, established 1n the present study, was compared to the revised BPV1

sequence (9). Two of these changes, one of which 1s an Insertion of a single

base pair, appear to be located 1n non-coding regions (nucleotides 4022 and

7761 1n F1g.2) whereas two of the differences, which both represent point

mutations, are found 1n reading frame L2. One of the la t ter two differences
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Table 2

SEQUENCE DIFFERENCES BETWEEN TWO ISOLATES OF BPV11)

POSITION NUCLEOTIDE AMINO ACID READING FRAME

strain strain strain strain
"Wisconsin" "Sweden" "Wisconsin" "Sweden"

4022 A G - - N o n coding
4922 C T Ala Val L2
5340 T A No change No change L2
7761 - C Inserted No change No change Non coding
138 T C No change No change E62)

1)The comparison Includes nucleotides 3837 to 698 (4807 1n total)
In the sequence of Chen et al. (2).
''As defined by Danos et al. (9).

leads to an amino add substitution whereas one change 1s silent (Table 2).

Finally one mutation (nucleotide 138) is located in reading frame E6 of the

early region (9). This mutation occurs 1n 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 BPV1 and HPVla. Danos et

al. (1) have recently reported the complete nucleotide sequence for the HPVla

genome. A comparison between the sequence established 1n this study and the

corresponding HPVla sequence reveals striking similarities. Two long open

reading frames LI 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 LI 1s 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 add level reveals even more

striking similarities; 253 or 51% of the residues are Identical whereas

no less than 72% of the residues are homologous 1f the amino adds are

grouped with regard to their functional properties. Several Identical hexa-,

hepta-, octa-, and nonapeptides are present 1n the two sequences as shown 1n

F1g.3A. When only residues which are known to be of strategic importance 1n

protein sequences were considered, the comparison reveals additional simi-

larities; most of the cysteine residues are located 1n precisely equivalent

positions which also 1s the case for proline, and particularly tryptophane

residues as shown 1n Fig. 4B. Silent nucleotide changes 1n the third codon

position are frequent 1n reading frame LI (120 of 253 homologous amino adds

or 47%).

The homology between reading frames L2 1n the BPV1 and HPVla genomes 1s

less striking both at the amino a d d and nucleotide sequence levels. A
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HPT1L1
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QVKUGptlJRVQMIESfflEl

QSlirDrADAEPlM-ATTHrV

JJJPENLAYIH
^ Q T V S H L Q

HPV1L1 W-P PP-P P
BPV1L1 — W PP-P C P—P

— P — P P P W P — P
—p P P P W P P

p C-P w CP C P —
C-P W PC CPP—

p c-p
p c-p

p p p w-
u p p p p-w-

—c cw -
w p -

—c P P w PP—p C P — P P - P —
—c p w PP P—c p

p w p
P H P C - P

Figure 4A: A comparison between the predicted LI proteins from HPVla and
BPV1. Homologous aroino add sequences are boxed.
Figure 4B: A comparison of the amino add sequences of the predicted LI
proteins from HPVla and BPV1. Only proline, tryptophane, and cysteine
residues are Indicated. The remaining residues are Indicated with dashes.

comparison of the amino a d d sequences is shown 1n F1g. 5. The homology was

estimated to be 32% for the amino add sequence and 34% for the nucleotide

sequence. The L2 proteins are best conserved in the N-term1nal part (F1g. 5)

and identical penta-, hepta and octa peptides were noticed.

Meinke and Meinke (19) have determined the amino add composition of
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HPV1L2
BPV1L2

RL RJRK^AAPKD rivlp s- - -Icfl i s rJFcTFol

GVFLGGLGIGTAR
AIYLGGLGIGT

GHIG YTPLGE
[GFdVAAGGSPRYTPLRT

IQffllfE|HTiTIADKIL|Q^
DTIADKILKF

Figure 5: A comparison between the pred ic ted amino a d d sequences f o r the
L2 pro te ins from HPVla and BPV1. Homologous amino a d d s are boxed. Only
the N-terminal par t i s shown since no s i g n i f i c a n t homology was detected
beyond the f i r s t 80 amino a d d s .

the VP1 p ro te in from BPV1 and Table 1 shows a comparison between the L I , L2

and VP1 p ro te i ns . The est imated molecular weight of the VP1 p r o t e i n (53.5K)

agrees wel l w i th the pred ic ted molecular weight of the L I p r o t e i n (55.5K) .

The amino ac id composit ion o f the VP1 p r o t e i n is somewhat more re l a ted to

t h a t of the L I p r o t e i n than t o tha t of the L2 p r o t e i n . The pred ic ted compo-

s i t i o n s of both the L I and L2 pro te ins dev ia te , however, from tha t of the

VP1 p r o t e i n .

The homology between the non-coding parts o f the BPV1 and HPVla

sequences was found to be even less than f o r the L2 reg ions .
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