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ABSTRACT

The regulatory regions of the human papillomaviruses
(HPVs) 9, 17, 20, and 36 were mapped, sequenced, and
aligned. They revealed an arrangement of putative
protein binding sites specific for the epidermodysplasia
verruciformis associated HPVs. Three subgroups could
be differentiated.

INTRODUCTION

At least 18 human papillomavirus (HPV) types seem to be
specifically associated with epidermodysplasia verruciformis (ev),
a lifelong skin disease characterized by the development of
multiple flat warts and macular skin lesions (1,2). In skin cancers,
which occur in 30% of the patients, HPVs 5 and 8 are most
prevalent; HPV 14, 17 and 20 have been found once each.
The nucleotide sequences of HPVs 5, 8, 19, and 25 (3-5)
revealed the typical genome organisation of papillomaviruses
except for a surprisingly short noncoding region between open
reading frames (ORF) L1 and E6. This genome segment contains

important cis-acting regulatory elements of papillomaviruses (6)
and is therefore called long control region (LCR). All ev-LCRs
showed good homology in the regions of the putative binding
sites of the viral, transcription-activating E2 protein, and
particularly in two motifs with 33 and 29 bp, respectively, called
M33 and M29 (5).

MATERIALS AND METHODS

The cloning of DNAs of HPV 9, 17a, 20, and 36 was described
previously (7—10). Standard protocols were used for all
restriction enzyme digestions, preparations of plasmid and phage
DNAs, molecular cloning, radioactive labelling and blot
hybridisation (11). 35S-Dideoxy-plasmid-sequencing of both
strands with commercially available kits (pUC-Sequencing-kit,
Boehringer Mannheim and T7-Sequencing-kit, Pharmacia)
followed the instructions of the manufacturers. For sequence
analysis, the UWGCG-program package (version 5.3) was used
12).
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Fig.1. Physical maps of restriction enzymes cleavage sites in the genomes of HPVs 9, 17, 20, and 36, and localisation of the sequenced regions and the LCRs.
B = Bam HI; E = EcoRI; H = Hind IlII; P = Pvu II; S = Sac I.
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Fig.2. Alignment of the newly determined sequences of HPVs 20 and 36 and HPVs 9 and 17. Putative functionally important elements and protein binding sites
are indicated in bold letters or underlined. Ifn-RE=Interferon responsive element. CK-OKT=Cytokeratin-octamer (19). PO—5,P;,=E2-protein binding sites.
STOP=Translation stop codon of ORF L1. CRE=cAMP responsive element. PEA-2=Polyomavirus enhancer element. v-myb= Binding site for v-myb protein.
NF1=Nuclear Factor 1 binding site. M33,M29=conserved motifs of 33 and 29bp respectively. CAAT =putative CAAT-box. TATA =stretch of A and T nucleotides.
START =Translation start codon of ORF E6.
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Fig.3. Schematic distribution pattern of conserved, putative regulatory elements in the LCR sequences of ev-associated HPV 5 (3), HPV 8 (4), HPVs 19 and 25
(5), and HPVs 9, 17, 20, 36 (this paper). PO—S5, Py, = E2 protein binding sites: ® = ACCGN,CGGT; ® =ACCGN,CGTT; O = ACCN¢GGT; w= degenerated
palindrome. ¢ =AP1 binding site. (J= NF1 binding site. == M33, M29 conserved motifs of 33 and 29bp. respectively. ll= CAAT box. TATA = TATA-
stretch: +++ = =50bp; ++ = =20bp; + = TATA-like sequence in HPV 17. ? in HPV 25: DNA-sequence not available.

RESULTS AND DISCUSSION

The LCRs in the genomes of HPVs 9, 17, 20 and 36 were
localized by Southern blot analysis using the homologous HPV
8 DNA as probe (Fig.1). The cross-hybridising fragments were
subcloned into the Bluescribe vector (Vector Cloning Systems)
and sequenced. The lengths of the LCRs from the translation
stop codon of L1 to the start codon of E6 were 513 bp in HPV
20, 480 bp in HPV 36, 387 bp in HPV 9, and 379 bp in HPV
17. The aligned nucleotide sequences and the locations of
conserved elements and putative recognition sites for DNA
binding proteins (13) are shown in Fig.2.

A comparison with published LCR sequences of ev-associated
HPVs confirmed the following, highly conserved landmarks
(Fig.3): 1. Four palindromic E2 binding sites ACCGN,CGGT
or slightly degenerated versions thereof (P1—4). Palindrome P3
is the most conserved among them and includes a putative binding
site for the v-myb protein (14). 2. One binding site for the
transcription factor jun/AP1 (13). 3. A cluster of direct or
inverted repeats TGCCAA and related sequences, which were
shown to bind the transcription factor NF1 (15). 4. A ‘CAAT-
motif’, which is generally conserved among papillomaviruses (5).

HPVs 5, 8, 19, 20, 25, and 36 (group A) share the previously
described conserved blocks with 33 and 29bp, respectively, an
additional palindrome PO within the 3’-part of ORF L1, and a
striking stretch of about 50 A and T nucleotides. HPVs 5, 8,
and 36, on the one hand, and HPVs 19, 20, and 25, on the other
hand, form two slightly different subgroups A; and A,. In
Aj-viruses, palindromes P2 and P4 are incomplete, and 12bp
are deleted between AP1 and P2; the AT rich stretch consists
of monotonously alternating A and T, in contrast to subgroup
A, viruses, which show two to four TAAA blocks followed by
a shorter AT run. This AT stretch is without precedent among
papillomaviruses, but similar motifs were identified within the
autonomously replicating sequences (ARS) and promoter regions
of yeast. Promoter activity was there shown to improve with
increasing length of this element (16,17). Against the background

of a rather uniform organization of group A virus LCRs, an
apparently recent duplication can be noted in the case of HPV
20, which has a 21bp direct repeat with 3 mismatches between
pos. 451 and 492 (Fig.2). The same duplication was observed
in a second HPV 20 clone from another patient, which renders
it unlikely to represent a cloning artefact. The sequence
ACCGN,CGTT, which was recently shown to bind E2 of
bovine papillomavirus 1 (18), occurs once in HPV 36 (Psg).

In HPV 9 and 17 (group, B) no M29 and only a slimed down
M33 could be detected. The AT stretch is shortened in HPV 9
to about 20bp and interrupted by a few other nucleotides. No
classical TATA-box was found in HPV 17 in this region, but
TATA-like sequences TTAAATGA and TACATACAATAT are
located at pos. —36 and —22 relative to the putative E6-protein
translation start codon. The group B virus sequences thus indicate
that the characteristic TATA stretch and the M29 motif discussed
before are not consistent features of ev-associated HPVs, and
can therefore not account for their host-specificity. Despite good
general homologies with group A viruses in the 3’-part of ORF
L1, group B viruses display no PO in this region, but they contain
an ACCGN,CGTT following the CAAT-box (P5).

No obvious correlation exists between the LCR classification
into subgroups A, A,, and B and the assumed oncogenic
potential of ev-HPVs. This analysis provides another example,
however, that LCRs of papillomaviruses, which belong to the
generally less conserved genome segments, show a subgenous-
specific organization pattern in viruses with similar tropism and
pathogenic properties as observed for viruses associated with
anogenital lesions.
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