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Abstract The bovine papillomavirus type 12 (BPV-12, putative type BAA1) was
detected in epithelial papilloma located on the tongue of infected cattle. Then the
whole genome was sequenced and phylogenetic analysis illustrated that it should be
classified in genus Xipapillomavirus. The viral genome is 7197 base pair in length and
contains five early ORFs (E1, E2, E4, E7 and ES), three late ORFs (L1, L2 and L3),
and a long control region which possesses replication regulatory elements. Meanwhile,
mRNA of each gene was detected in the papilloma sample. The papilloma was
identified as epithelial papilloma by histological and immunohistochemical
examination. Based on the genome information and pathological properties, BAA1

was designated as BPV-12 type in this study.

Keywords BPV-12 - Characterization - genome organization - epithelial papilloma
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Introduction

Papillomaviruses (PVs) are widespread in nature and have been found in most
mammals and birds, and more than 100 different types have been identified in humans
[6, 9]. PVs have been classified into 30 genera (Alphapapillomavirus to
Dyoiotapapillomavirus) according to the nucleotide sequence diversity in the open
reading frame (ORF) of L1 gene and to their biological and pathological properties [5,
13]. For bovine papillomavirus (BPV), 11 types (BPV-1 to -11) have been
characterized so far and classified into four genera: Deltapapillomavirus (BPV-1 and
-2) cause fibropapillomas in cattle and sarcoids in horses, and exhibit a somewhat
broader host range and tissue tropism than other types; Xipapillomavirus (BPV-3, -4,
-6, -9, -10 and -11) are restricted to cattle and infect only epithelial cells to induce true
epithelial papillomas; Epsilonpapillomavirus (BPV-5 and -8) appear to cause both
fibropapillomas and true epithelial papillomas; and an unassigned genus (BPV-7) has
been detected in healthy skin swab without pathopoiesis report [20, 21, 32, 33]. In
addition, at least 16 novel putative BPV types (BAA1 to -4, BAPV3 to -5, BAPV7 to
-10, BAPVIIMY and BPV/BR-UEL2 to -5) have been detected in healthy skin swabs
or cutaneous warts from cattle kept in Sweden, Japan and Brazil [1, 11, 20, 31].

BPV virion possesses a non-enveloped icosahedral structure of 55 - 60 nm
diameter and the genome consists of a single molecule of circular double-stranded

DNA approximately 7.2 - 8.0 kb in size, encoding some 8-10 proteins [7, 33]. The
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whole genome can be divided into three parts depending on their function: long
control region (LCR), early region and late region. LCR is the region between the
early and late regions and contains several replication regulatory elements; the early
region encodes non-structural proteins designated E1-E8 (depending on the individual
virus) that exert important regulatory and replicative functions; the late region
encodes two structural proteins L1 and L2 that form capsid; BPV-4 also possesses L3
but the function is still unknown [34]. Although the genome is circular double-strand
DNA, the ORFs are located in the same strand, and the genome organizations are
similar to the known PVs.

During the last decade, the multiple-primed rolling circle amplification (RCA)
technique has been developed and optimized for rapid amplification of circular DNA
[14]. Then it was applied to amplify the whole genome of PVs [35-37] and became
one convenient tool for PVs molecular biological research. Recently, based on the
genome nucleotide sequence and biological and pathological properties, several new
BPV types were identified and designated from putative BPV types or clinical
samples. For example, BPV-7, -8, -9 and -10 were designated from putative BPV
types BAPV-6, -2, BPV-Type I and BPV-Type II, respectively [21, 32, 40]. Meanwhile,
BPV-11 was identified and designated from cutaneous warts in cattle [20]. Formal
designation is essential for BPV research to avoid misunderstanding caused by
complicated names.

BAALI is one of the putative BPV types and was first detected in healthy skin

swab [1]. So far there has been no report regarding the pathogenicity of BAA1 and
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just little information has been reported. In the present study, one BAAI strain P38
was detected in the epithelial papilloma located on the tongue of infected cattle. The
whole genome was sequenced and mRNA was detected. Based on the ORF of L1
gene, phylogenetic analysis showed that BAA1 is a novel BPV type and should be
classified in genera Xipapillomavirus. According to the genome information and
pathological properties, BAA1 was designated as bovine papillomavirus type 12

(BPV-12).

Materials and methods

Histopathology and immunohistochemistry

Papilloma sample was collected by hand from the tongue of one infected cattle
(Fig.1A). Tissue samples were fixed in 10% buffered formalin, embedded in paraffin,
sectioned at 4um, and stained with hematoxylin and eosin (HE) and Masson’s
trichrome. Selected sections were labeled by the streptavidin-biotin-peroxidase
complex (SBC) method. As primary antibodies we used a rabbit polyclonal antibody
to bovine papillomavirus (Quartett GmbH, Berlin, Germany), mouse monoclonal
antibodies to cytokeratin (clone: MNF116) (Dako Corporation, Carpinteria, CA),
vimentin (Dako), and proliferating cell nuclear antigen (PCNA) (BioGenex
Laboratories, San Ramon, CA). Subsequent procedures were performed using

Histofine SAB-PO (R) and SAB-PO (M) kits (Nichirei, Tokyo, Japan).
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DNA extraction and sequencing

DNA was extracted from the papilloma sample, which was located on the tongue
of infected cattle, with DNeasy blood and tissue kit (Qiagen, Maryland, MD). Then
PCR was performed with primer pair of FAP59/FAP64 to obtain 425 base pairs (bp)
of L1 gene [17]. Based on the known sequence, one pair of primers consisting of
BPVI12F1  (5’-ATGCAGAAAACAGAACAAAGTACCC-3’) and BPVI2RI1
(5>-GCAAAATTCTAAGCCTCTAATAGCC-3’) was designed to amplify the
remaining part of the whole genome and PCR was performed with LA Taq kit (Takara,
Shiga, Japan) according to the protocol of the manufacturer. Subsequently, the PCR
products were gel purified by using a QIAquick gel extraction kit (Qiagen, Hilden,
Germany). Then primer walking sequencing was carried out with forward primers
BPV12FI, BPV12F2(5’-ATGAGGCAGACGAGAGAACA-3),
BPV12F3(5’-TAGGTGCTTCACTATGTTTC-3’),
BPV12F4(5’-GCTCTGATGTGTCTGATTTG-3’), and
BPVI12F5(5’-GCTGCTGTGTTTTGGTGGAA-3’); and reverse primers BPV12R1,
BPV12R2(5’-TCCAATGTCAGCAGCATCAT-3),
BPV12R3(5’-ATCACTGCCATTTGTAGGAG-3’),
BPV12delR3(5’-CAAGACTAACCCCACTAATA-3’),
BPV12R4(5’-CGTCTGAAGCCTTTTAATGT-3’),

BPV12R5(5’-GCATTTTCAGGGTTATTATC-3’). In order to confirm the correct
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sequence, the whole genome was sequenced at least three times for each reaction by
using a Bigdye Terminator v3.1 cycle sequencing kit (Applied Biosystems, Foster
City, CA). Meanwhile, the whole genome was cloned into the pMD20-T vector
(Takara, Shiga, Japan) and sequenced. Sequencing was performed in an ABI Prism
3130 genetic analyzer (Applied Biosystems, Foster City, CA). To reconstitute the
full-length genome sequence, overlapping sequences were assembled into contiguous
sequences by using Seqman DNAStar software (Lasergene; DNAStar, Inc., Madison,

WI).

Genome organization and phylogenic analysis

For genome organization analysis, putative ORFs and their corresponding amino
acids were predicted by using the ORF finder tool
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html), and similarity analysis was performed
with  BLAST tool (http://blast.ncbi.nlm.nih.gov) of the National Center for
Biotechnology Information (NCBI). Peptide motif analysis was performed with the
TFSEARCH tool of Parallel Protein Information Analysis system
(http://www.cbrc.jp//research/db/TFSEARCHIJ .html). Multiple nucleotide sequence
alignments and phylogenetic tree construction were performed by using the
neighbor-joining method with MEGA version 4 [39]. The GenBank accession
numbers of representative PV strains are the following: BPV-1 (X02346), BPV-2

(PPB2CG), BPV-3 (AJ620207), BPV-4 (X05817), BPV-5 (AJ620206), BPV-6
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(AJ620208), BPV-7 (DQ217793), BPV-8 (DQ098913), BPV-9 (AB331650), BPV-10
(AB331651), BPV-11 (AB543507), CcPV-1 (EU493092), ChPV-1 (DQ091200),
COPV (L22695), CPV-2 (AY722648), CPV-5 (FJ492742), CRPV (K02708), EcPV
(AF498323), EcPV-2 (EU503122), EdPV-1 (AY684126), EhPV (FJ379293), FcPV
(AY057109), FdPV-2 (EU796884), FIPV-1 (EU188799), HaOPV (E15111), HPV-1
(VO1116), HPV-4 (X70827), HPV-5 (M17463), HPV-16 (K02718), HPV-41 (X56147),
MnPV (U01834), PePV (AF420235), PsPV-1 (AJ238373), PePV (AF420235),
SsPV-1 (EF395818), TmPV-1 (AY609301),TtPV-1 (EU240894), UmPV-1

(EF536349).

Total RNA extraction and mRNA detection with RT-PCR

Total RNA was extracted from the papilloma sample with RNeasy Mini kit
(Qiagen, Maryland, MD). In order to perform gene expression analysis accurately and
eliminate the contaminating genomic DNA, total RNA was treated and
reverse-transcripted using PrimeScript RT reagent kit with gDNA eraser (Takara,
Shiga, Japan) according to the instructions of the manufacturer. Before reverse
transcription, PCR was performed to confirm that genomic DNA had been thoroughly
eliminated after treatment with gDNA eraser. Eight pairs of primer were designed to
detect the mRNA of each gene according to the ORFs in whole genome: EIF
(5’-TTGTGTGAATCTGGTTGCTC-3”) and EIR

(5’-AGTCACTTTGGCATTTCCTC-3"); E2F
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(5’-CAGGAGGCAAGGAATAACTA-3’) and E2R

(5’-GGTCAGTGTCAGACGAGGAA-3’); E4F
(5’-CCCAAGGACCACGACAACTC-3’) and E4R
(5’-GTGCTGTCTCCTCGTCTGAA-3%); E7F
(5’-AACGATGACCCATACGCAGT-3’) and E7R
(5’-AAGATTCAAAGAACAGGCAG-3’); E8F
(5’-TGTTTTGGTATTGCTTTGGT-3") and E8R

(5’-ATTCTTTGTACTAACAATGC-3’); L1F (5’-ATTAGACACGGATGACTTTG-3")
and L1R (5’-ACATCTGGACCTGCTTGGGA-3’); L2F
(5’-CAGTCGTGGCAGTAATGTTG-3") and L2R
(5’-TTCCCCTGGTAATTGTGTTG-3’); L3F (5’-TCTTTGGTGTCCAGCGATGT-3’)
and L3R (5’-TGCCTCATCTCCTGTAGCCT-3’). The annealing temperature was
optimized with temperature-gradient PCR method by using Veriti 96-well thermal
cycler (Applied Biosystems, Foster City, CA). The optimized annealing temperatures
were the following: E1 (58°C), E2 (56°C), E4 (62°C), E7 (60°C), E8 (54°C), L1
(58°C), L2 (60°C) and L3 (60°C). The sensitivity of the PCR for each gene was
determined using serial dilutions of purified PCR products, and the result showed that
all PCRs can detect at least 10 attogram (ag). To confirm the mRNA detection result,
RT-PCR for each gene was carried out six times and the RT-PCR products were
sequenced. Then sequences of the products were aligned with the whole genome by

using MegAlign DNAStar software (Lasergene; DNAStar, Inc., Madison, WI).



190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

Nucleotide sequence accession numbers

The nucleotide sequences of the BPV-12 whole genome has been deposited in the

GenBank sequence database under accession numbers: BPV-12 (JF834523).

Results and discussion

The papilloma sample was confirmed as epithelial papilloma

The neoplastic tissue was composed of sheet-like growths of squamous epithelial
cells (Fig. 1B). Basal cells were detected at the periphery of the growths, and their
surface was moderately hyperkeratotic. The squamous epithelial cells showed positive
immunelabeling for cytokeratin (Fig. 1C), whereas subepithelial connective tissue
cells expressed vimentin. The basal cells were weakly positive for cytokeratin and
intensely positive for proliferating cell nuclear antigen (PCNA) (Data not shown). On
the basis of the histological and immunohistochemical findings, a diagnosis of

epithelial papillomatosis was made.

Genome organization of BPV-12

The genome of BPV-12 is 7197 bp in length and possesses a common genomic

structure that consists of three regions of LCR, early and late regions which shared by
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almost all known PVs. It contains five early (E1, E2, E4, E7 and ES8) and three late
(L1, L2 and L3) genes which are located in the same strand (Fig. 2). The restriction
enzyme Hpal site or an analogous sequence has been used to number the genome of
PVs. But there is no appropriate Hpal site in the genome of BPV-12. In order to allow
direct comparison with other PVs, the single Hind III site (AAGCTT) has been
chosen to number the origin of the BPV-12 genome.

LCR is the non-coding-region that contains virus replication regulatory elements
and controls the transcription of transforming genes such as ES, E6 and E7 in PVs.
Some PVs, such as BPV-4, possess two non-coding-regions: the first one is located in
the upstream of the early region and the second is between the L2 and L1 ORFs [34].
In the genome of BPV-12, LCR is 488 bp in length, is located at nt 6926-216 (Fig. 2),
and has no second non-coding-region. In the previous studies, the results of transitory
replication assays illustrated that two viral proteins, E1 and E2, are essential for
genome replication [26, 41]. Both E1 and E2 proteins bind to the virus replication
origin located in LCR and activate the genome DNA replication. Most PVs possess
one El-binding site (E1BS) and at least two E2-binding sites (E2BS). BPV-12 has
two putative E2BS (ACCGTTTTCGGT) located at nt 6932-6943 and 62-73. Besides
E2BS, other important transcription and replication regulatory elements have been
also identified in the LCR of BPV-12. There is one putative polyadenylation (polyA)
site (AATAAA) located at nt 7022-7027 for late mRNA. Two consensus sequences of
TATA boxes (TATAAAA) are located at nt 170-176 and 7193-2.

LCRs of mucosal epitheliotropic papillomaviruses possess similar organizations:
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a promoter region, an enhancer region, and a highly conserved distribution of E2
DNA binding sites [15]. The enhancer of these viruses is specific to epithelial cells but
fails to activate transcription from heterologous promoters in non-epithelial cell types
[18]. BPV-12 was detected in epithelial papilloma located on the tongue. Therefore, it
is worthwhile to compare motifs of its LCR with other epitheliotropic
papillomaviruses. The epithelial cell-specific enhancers contain several binding sites
for cellular transcription factors including AP-1, Oct-1, NF-1, PEF-1, TEF-1, Spl,
C/EBPbeta, glucocorticoid receptor, and so on [15]. In the LCR of BPV-12, the
consensus sequences of one NF-1, one C/EBPbeta and two Oct-1 sites were found.
NF-1 site acts positively [2, 3, 30], while C/EBPbeta and Oct-1 sites has been proved
to negatively regulate PVs enhancer activity [4, 22, 28].

The early region of PVs encodes non-structural viral proteins involved in viral
DNA replication, transcription and cell transformation. Depending on the individual
virus, the early region can encode 8 proteins (E1-E8) [23]. The early region of
BPV-12 contains ORFs of E8 (126 bp), E7 (273 bp), E1 (1791 bp), E2 (1254 bp), and
E4 (474 bp) in order, but ES and E6 are absent. ES was reported to be the major
transforming oncoprotein that destabilizes the function of many membrane proteins in
the infected cell for some certain BPVs [8], and E6 is also involved in cell
transformation and is clearly associated with carcinogenesis that is the stimulation of
the ubiquitin-mediated degradation of the p53 tumor suppressor protein [38]. In
BPV-12, E8 is located in the position of ES or E6, and it has been reported to be

chemically and functionally similar to the E5 gene from some human
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papillomaviruses and may also substitute for the E6 gene [24, 27]. Therefore, E8 may
play the role of E5 or E6 for BPV-12 transcription and other functions. The E7 ORF
of BPV-12 possesses a putative retinoblastoma tumor-suppressor protein-binding
domain (pRbBD: LxCxE), which is thought to be the biological significance of
epitheliotropic papillomavirus, including BPV-3, -4, -6, -9, -10 and -11 [10, 12, 16, 20,
21], while all PVs with pRbBD-absent E7 are fibropapillomaviruses such as BPV-1,
-2, -5, -7, EEPV and DPV [29, 32]. Therefore, it has been suggested that BPV-12 is an
epitheliotropic papillomavirus, which is consistent with the results of histological and
immunohistochemical examination. Moreover, this result contributed one more piece
of evidence that supports the above conclusion. One putative Zinc-binding domain
(ZnBD: CxxC-X,9-CxxC) was also found in E7 ORF, which works with pRbBD to be
responsible for immortalization and transformation of host cells [10, 25]. E4 ORF is
located inside E2 ORF in BPV-12 genome. This arrangement is similar to BPV-4, -7,
-8,-10 and -11.

The late region of BPV-12 contains three ORFs: L1 (1521 bp), L2 (1578 bp) and
L3 (234 bp). L1 and L2 code for the major and minor capsid proteins, respectively,
and cooperate with each other to package the viral DNA into the virion [23]. L3 ORF
overlaps with L1 and is only occasionally found in PVs. So far L3 has been detected
in BPV-4 (Xi-PV) and deer papillomavirus OvPV1 (Delta-2) [19, 34]. And L3 ORF of
BPV-12 shares 71.4% and 10.4% with that of BPV-4 and OvPV1. However the

significance is still unclear.
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BPV-12 was designated and classified into genus Xipapillomavirus

L1 ORF of BPV-12 shares 55.1-69.0% sequence identity with other BPV types,
while the whole genome shares 12.3-61.9%. Moreover, other ORFs of BPV-12 share
9.5%-59.5% (E8), 4.0%-54.2% (E7), 34.6%-68.0% (E1), 13.8%-62.1% (E2),
8.5%-60.3% (E4), 2.8%-65.7% (L2) with other BPV types. It demonstrated that there
was no ancestral recombination events happened in BPV-12. Additionally, based on
the 425bp segment amplified with primer set of FAP59/64, BPV-12 possesses 96%
sequence identity with the putative BAA1 strain (AF485375) deposited in GenBank
and this strain was identical to the putative type BAA1. In 1995, the definition of new
PV types was released from the International Papillomavirus Workshop held in
Quebec. One PV strain can be recognized as a new type if the complete genome has
been cloned and the DNA sequence of the L1 ORF shares less than 90% homology
with the closest known PV type [13]. Based on this criterion, BPV BAAT1 putative
type should be designated as a new BPV type. Moreover, L1 has been used for the
identification of new PV types by phylogenetic analysis during the past 20 years [13,
20]. In the present study, the type of BPV-12 was identified from the nucleotide
sequence of L1 ORF. As can be seen from the phylogenetic tree (Fig.3), BPV-12 was
clearly classified into the Xi-papillomavirus genera which includes BPV-3, -4, -6, -9,
-10 and -11, and these virus infect only epithelia cells to induce true epithelial
papillomas [20, 21, 32, 33]. Based on the criterion for a new PV type and the result of

phylogenetic analysis, BPV BAAI putative type was designated as BPV-12 in the
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present study.

Message RNA (mRNA) was detected for each gene in the papilloma sample

In order to confirm the etiological role of BPV-12 in epithelial papilloma, viral
mRNA was detected from total RNA with RT-PCR. The result showed that mRNA of
each gene was detected (Fig. 4) and identified with sequencing, suggesting the
epithelial papilloma was caused by BPV-12 in infected cattle. The ORFs of E4 and L3
are located inside of E2 and L1, respectively. Therefore, the transcription of E2 and
L1 might disturb the detection of E4 and L3 and further confirmation is still necessary
for both. The transcription of PVs is complex because of the presence of multiple
promoters, alternate and multiple splice patterns, and the differential production of
mRNA species in different cells [23]. Although mRNA was detected for each gene in
the present study, the transcription map of BPV-12 is still unclear. Therefore, further
study is necessary to determine the promoters and mRNA species for BPV-12 in

epithelial papilloma.
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FIG.1 (A): Macroscopic view of the papilloma sample located on the tongue of an infected cattle.

Bar = lecm (B): Histological section (H&E staining). Bar = 40um. (C): Immunohistochemical

staining of cytokeratin to confirm epithelial papilloma. Bar = 40um.

FIG. 2 Genomic map of BPV-12. The circular genomes are represented in a linearized version. The

ORFs are depicted as a rectangle. Putative motifs of LCR are indicated with different symbols as

well as names.

FIG. 3 Phylogenetic tree of BPV-12 and PVs classified in genera Alphapapillomavius to

Sigmapapillomavirus. The tree was constructed with the Neighbour-joining method based on the

nucleotide sequence of .1 ORF. The number on the scale bar shows the percent occurrence in

1000 bootstrap replicates. Abbreviations: CcPV-1 (Caretta caretta PV-1), ChPV-1 (Capra hircus

PV-1), COPV (Canine oral PV), CPV (Canine PV), CRPV (Cottontail rabbit PV), EcPV (Equus

caballus PV), EcPV-2 (Equus caballus PV-2), EdPV-1 (Erithizon dorsatum PV-1), EhPV

(European hedgehog PV), FcPV (Fringilla coelebs PV), FdPV-2 (Felis domesticus PV-2), FIPV-1

(Francolinus leucoscepus PV-1), HaOPV (Hamster oral PV), HPV (Human PV), MnPV

(Mastomys natalensis PV), PePV (Psittacus erithacus timneh PV), PsPV (Phocoena spinipinnis

PV), RaPV-1 (Rousettus aegyptiacus PV-1), SsPV-1 (Sus scrofa PV-1), TmPV (Trichechus

manatus latirostris PV), TtPV-1 (Tursiops truncates PV-1), UmPV-1 (Ursus maritimus PV-1).

FIG4 RT-PCR result of mRNA detection for each gene from the papilloma sample. Lane P:
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positive control with purified PCR product; Lane N: negative control in which the template was

replaced with distilled water; Lane R: the template is total RNA treated with gDNA eraser; Lane S:

the template is cDNA reverse-transcripted from total RNA treated with gDNA eraser.
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