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The human papillomavirus 1 (HPV-1) virion is composed of two virally encoded proteins: a 57,000-
molecular-weight polypeptide (57K polypeptide), which is the product of the L1 open reading frame (ORF),
and a 78K polypeptide, which is derived from the L2 ORF. The 57K (L1) product, which represents the major
structural component, appears to be disulfide cross-linked in virus particles. The 78K (L2) protein is a minor
component of the virion and does not appear to be disulfide linked either to the L1 gene product or to itself.
Analysis of virus particles banding at different buoyant densities revealed differences in the L2 content of
heavy-full and light-full virions. Antiserum prepared against a bacterially expressed fragment of the L1 ORF
was found by immunofluorescence to cross-react with HPV-2 and bovine papillomavirus 1 virions in wart
sections. No cross-reactivity was observed with antisera prepared against either the N- or C-terminal halves of
the L2-encoded protein. Similarly, antisera prepared against purified virus particles (disrupted and
nondisrupted) reacted only with an expressed fragment of the L1 ORF and not with either L2-encoded
polypeptides or proteins derived from the E1, E2, E4, E6, or E7 ORFs. This indicates that the L1 protein

contains the papillomavirus common antigens.

Papillomaviruses produce benign epithelial tumors in ani-
mals and humans (29). On the basis of their physical prop-
erties, they have been classified as members of the
papovavirus group (22, 23), which includes simian virus 40
(SV40) and polyomavirus. These viruses are naked ico-
sahedral capsids containing double-stranded circular DNA.

The genomic organization of the papillomaviruses how-
ever is distinct from that of SV40 or polyomavirus (5), whose
genomes can be functionally divided into early and late
regions. The early regions of these viruses are expressed
before the onset of viral DNA replication, and the late genes
are expressed after viral DNA replication has commenced.

For the papillomaviruses, the lack of an in vitro culture
system has meant that the same functional division cannot
be made. The putative papillomavirus early region corre-
sponds to a 69% fragment of the bovine papillomavirus 1
(BPV-1) genome, which is sufficient to transform mouse cells
in vitro (19). The remainder of the genaome. which is not
required for in vitro transformation. is thought to encode the
papillomavirus structural proteins and contains two large
open reading frames (ORFs), L1 and L2. By indirect evi-
dence obtained from amino acid analysis, the major capsid
protein purified from BPV-1 viral particles has been assigned
to the L1 ORF (21). More conclusively, antisera prepared
against biosynthetically produced L1 and L2 proteins of
BPV-1 (prepared in Escherichia coli) have been shown to
prevent BPV-1 from transforming mouse C127 cells in vitro
(34), and in an enzyme-linked immunosorbent assay. anti-
sera prepared against disrupted BPV-1 virions were shown
to react with the biosynthetic BPV-1 L1 protein (34). This
suggests that the L1 ORF encodes the major papillomavirus
structural component and that the L2 ORF encodes an as yet
unidentified minor virion protein. This conclusion is sup-
ported by the observation that RNA species mapping to the
late region can only be detected in productively infected
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papillomas (8. 24, 33). These late mRNAs, however, fre-
quently have 5’ ends which map in the early region, suggest-
ing that certain early genes may represent exons of the late
mRNAs. In particular, the human papillomavirus la (HPV-
la) E4 gene has been shown to be expressed at high levels in
the upper layers of productively infected papillomas (4, 7).

To identify and characterize the virally encoded proteins
present in HPV particles, we prepared &ntisera against
HPV-la gene fragments expressed in bacteria. We used
these antisera to identify the products of the L1 and L2 genes
of HPV-1a and to determine if these proteins contain large
segments derived from certain parts of the HPV-1 early
region.

MATERIALS AND METHODS

Construction of fusion proteins and preparation of antisera.
The construction of plasmids expressing HPV-1 DNA frag-
ments. the preparation of fusion proteins. and the raising of
antisera were performed as described earlier (7). Antiserum
to HPV-1 virions was the gift of T. S. Burnett (Ph.D. thesis,
University of Birmingham, Birmingham. United Kingdom,
1983). Cross-reactive antipapillomavirus antiserum was ob-
tained commercially (Dakopatts).

Typing of warts and purification of virions. DNA was
extracted from small slivers of individual wart biopsies after
overnight digestion at 37°C in 100 mM NaCl-1 mM
EDTA-0.5% sodium dodecyl sulfate (SDS)-5 mM Tris hy-
drochloride (pH 8.0) containing 500 pg of proteinase K per
ml. Purified DNA was analyzed by Southern blotting (20) by
using as probes cloned HPV-1la, HPV-2, HPV-4, or BPV-1
DNA which had been nick translated (35) with [a-3*P]dCTP
(Amersham International).

Individual typed warts were minced as finely as possible
by using a scalpel blade and then suspended in 3 ml of
phosphate-buffered saline (PBS) and ground in a chilled
mortar containing a few grains of carborundum powder (80
grit: BDH Chemicals). After a smooth suspension was
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FIG. 1. Location of HPV-1 DNA fragments expressed to high
levels in E. coli. The positions of the major ORFs of HPV-1a are
illustrated at the top, and specific restriction fragments which were
cloned into the pEX series of bacterial vectors are indicated
beneath. The names of constructs containing each fragment are
shown on the right. Sizes are given in base pairs.

obtained, the cell debris was removed by centrifugation at
12,000 x g for 10 min. Viral particles were then pelleted from
the supernatant by centrifugation at 125,000 X g for 60 min
and then resuspended in 14 ml of a solution containing 1.3 g
of CsCl per ml. After centrifugation at 125,000 X g for 20 h,
virus bands were removed by puncturing the bottom of the
tube and collecting 0.5-ml fractions. To obtain highly puri-
fied virions, virus-containing fractions were subjected to a
second round of purification by cesium chloride density
centrifugation, and virus particles were collected as before.
The densities of the individual fractions were determined by
using an Abbe 60 refractometer.

Analysis of total wart proteins and purified virions. Individ-
ual typed warts were minced and solubilized in 7 M urea-15
mM B-mercaptoethanol-50 mM Tris hydrochloride (pH 8.0)
by homogenization (Polytron) and sonication, and the ex-
tracts were analyzed by SDS-polyacrylamide gel electropho-
resis (17) or by alkaline urea gel electrophoresis (14). Virus
particles were prepared for SDS-polyacrylamide gel electro-
phoresis by boiling in 2% SDS-50 mM B-mercaptoeth-
anol-50 mM Tris hydrochloride (pH 6.8)-10% glycerol-
0.01% bromophenol blue for 5 min. Western blotting (immu-
noblotting) was carried out as previously described (39),
except that filters were blocked in PBS (pH 7.5) containing
0.5% gelatin. Antibody binding was detected by using a
commercially available peroxidase-linked streptavidin-biotin
system (Amersham International).

Indirect immunofluorescence staining was carried out on
Formalin-acetic acid-methanol (1:1:8)-fixed paraffin sections
by using rat antiserum as the first antibody followed by
fluorescein isothiocyanate-labeled goat anti-rat immuno-
globulin G as the second antibody. Immunoperoxidase stain-
ing was performed by using a commercially available strep-
tavidin-biotin system (Amersham International) and was
followed by development in PBS containing 0.5 mg of
diaminobenzidine and 0.02% H,0,. Sections were counter-
stained with fast green.

Electron microscopy of purified virions. After dialysis
against PBS (pH 7.2), purified virus particles were negatively
stained with 2% sodium phosphotungstate solution (pH 7.2)
and were viewed under a Phillips 301 transmission electron
microscope.

J. VIROL.

M 1 2 3 4 5 6

FIG. 2. SDS-polyacrylamide gel (stained with Coomassie blue)
of total protein obtained from an HPV-1-induced wart (lane 1) or
from HPV-1 virions purified from the same papilloma (lane 2). The
57K major structural protein is clearly visible (lane 2), with no
indication of contaminating keratins.The low-molecular-weight
polypeptide (*) in lanes 1 and 2 reacted with anti-plp7 (E4) antise-
rum (data not shown). Lanes 3, 4, 5, and 6 are Western blots of
HPV-1 virion proteins after SDS-polyacrylamide gel electrophore-
sis. Blotting was carried out to anti-pTha 900 (L2; lane 3), anti-pTha
700 (L2; lane 4), anti-pL1-776 (L1; lane 5), and anti-SDS-disrupted
HPV-1 virion (lane 6) antisera. The positions of the 78K (and 65K)
L2 proteins and the 57K (and 43K) L1 polypeptides are indicated.
Molecular weight markers (200,000, 97,400, 68,000, 43,000, 25,700,
18,400, and 14,300) are shown in lane M.

RESULTS

Construction and identification of HPV-1a expression plas-
mids. Specific restriction fragments from the HPV-1a ge-
nome were cloned into the pEX series of bacterial expres-
sion vectors (38) as described previously (7) and illustrated
in Fig. 1. With the exception of the L1 construct, all the
recombinants expressed fusion proteins of the expected size
with no appreciable degradation. The pEX/HPV L1 plasmid
produced multiple fusion protein bands after analysis by
SDS-polyacrylamide gel electrophoresis and staining with
Coomassie blue, suggesting that in this case, the fusion
protein may be partially degraded. High-titer antisera were
successfully raised against all the fusion proteins as previ-
ously described (7).

Identification of the HPV-1 L1 gene product. By Western
blotting, antiserum prepared against the L1 (pL1-776) fusion
protein detected the major 57,000-molecular-weight HPV-1
structural protein (57K protein) consistently in extracts of
warts induced by HPV-1 and in purified HPV-1 virions (Fig.
2, lane 5). Two additional lower-molecular-weight polypep-
tides of 50,000 and 43,000 were occasionally also detected.
These species were very variable in amount, were always
present at lower levels than the major 57K L1 gene product
was, and may represent degradation products of the larger
protein. :

Antiserum prepared against purified HPV-1 virions pro-
duced a staining pattern identical to that observed by using



VoL. 61, 1987

HPV-la LATE PROTEINS 2795

FIG. 3. Immunoperoxidase staining of adjacent frozen sections from an HPV-1-induced papilloma by using anti-pL1-776 (L1) antiserum
(A), anti-pTha 900 (L2) antiserum (B), anti-HPV-1 virion antiserum (C), or normal rat preimmune serum (D). Peroxidase labeling was
developed with diaminobenzidine, and sections were counterstained with fast green. Magnification, 100X .

anti-L1 (pL1-776) antiserum (Fig. 2, lane 6). No proteins
were detected in extracts of HPV-2- or HPV-4-induced warts
or in extracts of BPV-1-induced fibropapillomas (data not
shown). To ensure that the lack of cross-reactivity of anti-L1
(pL1-776) antiserum by Western blotting was not due to the
lower number of viral particles in non-HPV-1 warts (2),
BPV-1 virions were purified from an individual BPV-1-
induced fibropapilloma by two rounds of purification on
cesium chloride density gradients. Although antiserum
raised against disrupted BPV-1 virions reacted strongly with
purified BPV particles (see Fig. 6B, lane 2), no reactivity was
observed by using the anti-L1 (pL1-776) antiserum (see Fig.
6B, lane 3).

By immunoperoxidase staining of tissue sections, the
anti-L1 (pL1-776) antiserum produced strong nuclear stain-
ing in cells of the granular layer in HPV-1-induced warts
(Fig. 3A). The pattern of staining was indistinguishable from
that obtained by using an HPV-1 type-specific antiserum
(Fig. 3C). No staining was observed below the granular
layer, and staining was not observed in the cytoplasm,
except in the stratum corneum after degeneration of the
nuclear membrane. Although no cross-reactivity was ob-
served by Western blotting, the anti-L1 (pL1-776) antiserum
produced typical viral staining on sections of warts induced
by HPV-2 and BPV-1 (Fig. 4). The cross-reactivity of this
antiserum was expected by comparison of the predicted L1
protein sequences from papillomaviruses which have been
DNA sequenced (3, 6, 11, 12, 36, 37).

Identification of the HPV-1 L2 gene product. Antisera
prepared against both the N-terminal (pTha 900) and C-
terminal (pTha 700) regions of the HPV-1a L2 protein were
both found to detect a 78K protein specifically in extracts of
HPV-1-induced papillomas (data not shown) and in purified
HPV-1 virions (Fig. 2, lanes 3 and 4). A minor 65K polypep-
tide was occasionally detected and may represent a degra-
dation product of the larger protein. These antibodies failed
to detect any proteins in extracts of warts induced by
HPV-2, HPV-4, or BPV-1 and showed no reactivity against

purified BPV-1 virions. No reactivity was observed against
the 57K major capsid protein identified by the anti-L1
(pL1-776) antiserum. Except for the N-terminal 50 amino
acids, the L2 proteins are only poorly conserved between
papillomaviruses of different types (5).

Anti-L2 (pTha 900 and pTha 700) antisera showed typical
virion staining on sections of HPV-1-induced papillomas
(Fig. 3B). No cross-reactivity was observed in sections of
either HPV-2- or HPV-4-induced warts or in BPV-induced
fibropapillomas.

Distribution of proteins in heavy-full and light-full virions.
HPV-1 virus particles were prepared from an individual
HPV-1-induced wart following two cycles of purification by
cesium chloride density gradient centrifugation. After dialy-
sis, fractions from the gradient were analyzed by gel elec-
trophoresis and Western blotting to anti-L1 (pL1-776), anti-
L2 (pTha 900 and pTha 700), or anti-E4 (plp7) antisera. Full
virus particles (confirmed by electron microscopy) were
found to band at buoyant densities between 1.345 and 1.36
g/ml, and two peaks were apparent after blotting of the
fractions to anti-L1 (pL1-776) antiserum (Fig. Siii). The 78K
L2 gene product was primarily associated with heavy-full
virus particles and was present at lower levels in light-full
virions (Fig. 5i).

Surprisingly, HPV-1 E4 gene products could also be
detected at buoyant densities between 1.345 and 1.365 g/ml
(Fig. 5ii), although the significance of this is not clear. By
alkaline urea gel electrophoresis, differences were observed
between the migration patterns of E4 polypeptides which
sedimented at different buoyant densities. This may repre-
sent alterations in the charge of the E4-encoded proteins or
partial proteolytic degradation.

Disulfide cross-linking of the L1 protein. The L1 proteins of
different papillomaviruses are highly conserved and contain
conserved cysteine residues at six positions (amino acid
residues 166, 179, 189, 233, 385, and 435 on the HPV-1 L1
protein). To determine the role of disulfide cross-linking in
virus assembly, purified HPV-1 virions were analyzed before
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FIG. 4. Cross-reactivity of anti-pL1-776 (L1) antiserum by immunofluorescence. Formalin-acetic acid-methanol-fixed paraffin sections of

a BPV-2-induced bovine papilloma (A and B) or a HPV-2-induced human wart (C and D) were stained with either anti-pL1-776 (L1) antiserum
(A and C) or cross-reactive antiserum prepared against SDS-disrupted BPV virions (B and D). Magnification, 110X . The spinous (s), granular

(g), and cornified (c) layers are indicated.

and after reduction with B-mercaptoethanol. The L2 anti-
bodies (pTha 700 and pTha 900) detected a single 78K
polypeptide in both unreduced and reduced virion extracts
(Fig. 6A, lanes 3 and 4), while the L1-encoded protein was
found to migrate as two high-molecular-weight species
(>200,000) when not reduced but as a single 57K product
after treatment with B-mercaptoethanol (Fig. 6A, lanes 1 and
2). The L1 protein was thus able to form disulfide cross-
linked oligomers but does not appear to be attached to the L2
gene product in this way. Disulfide cross-linkage is not
involved in the association of the L2 gene product with
HPV-1 virions.

Analysis of proteins detected by antivirion antiserum. An-
tiserum prepared against SDS-disrupted HPV-1 virions was
screened against the panel of HPV-1a fusion proteins, which
contained expressed regions from the L1, L2 (N terminus
and C terminus), E4, E2 (N terminus, middle, and C termi-
nus), E1, E6, and E7 ORFs. Antivirion antiserum reacted
only with the fusion proteins encoded by plasmid pL.1-776
and did not react with proteins derived from the HPV-la
early region or with the two L2 fusion proteins (Fig. 6C).
Similarly, against purified HPV-1 virions, antiserum raised
against disrupted virus was found to react only with the 57K
Ll-encoded protein and not with the 78K product of the L2

ORF. These results suggest that the major cross-reactive
papillomavirus antigen is located on the L1 protein rather
than on L2.

Analysis of HPV-1 virions for polypeptides encoded by other
HPV-1 ORFs. Antisera raised against expressed fragments
from the HPV-1 E1, E6, E2 (N terminus, middle, and C
terminus), E4, and E7 ORFs (Fig. 1) showed no reactivity
against either the Ll-encoded 57K polypeptide or the L2-
encoded 78K protein. This suggests that the 57K (L1) and
78K (L2) proteins do not contain significant regions derived
from parts of the HPV-1a genome which are expressed in the
early-region fusion proteins described above. Antisera pre-
pared against the products of the E6, E2, and E1 ORF:s failed
to detect any proteins in either extracts of HPV-1-induced
warts or in purified HPV-1 virions.

DISCUSSION

Previous analyses of papillomavirus structural proteins
have indicated the presence of up to 15 polypeptides in
purified HPV-1 virions (9, 13, 26, 27, 30, 32). The major
HPV-1 structural protein, however, has a molecular weight
of 57,000 and corresponds to the previously identified VP1
(9) or protein 2 (13). We showed that this protein was the
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FIG. 5. Analysis of heavy-full and light-full virions after cesium
chloride density gradient centrifugation. (i) Western blot (after SDS-
polyacrylamide gel electrophoresis) to anti-pTha 900 (L2) antiserum
of fractions (1 to 16) obtained after density gradient centrifugation of
purified HPV-1 virions. A crude-protein extract of the HPV-1-
induced wart from which the virions were purified was run in lane T.
The 78K L2-encoded polypeptide is indicated by an arrow. The
minor 65K L2-encoded protein is apparent in lanes 5, 6, and 7. (ii)
Western blot (after alkaline urea gel electrophoresis) to anti-plp7
(E4) antiserum. Lanes T and 1 to 16 are as described above. (iii)
Western blot (after SDS-polyacrylamide gel electrophoresis) to
anti-pL1-776 (L1) antiserum. Lanes T and 1 to 16 are as described
above. The 57K L1l-encoded protein is indicated by an arrow. The
50K and 43K L1 products are visible in lanes 5, 6, and 7. The density
(grams per milliliter) of each gradient fraction is indicated in the
graph at the bottom.
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FIG. 6. (A) Disulfide cross-linking of L1- but not L2-encoded
proteins. Western blots of purified HPV-1 virion proteins after
SDS-polyacrylamide gel electrophoresis. The virus particles were
disrupted in sample buffer with (lanes 1 and 3) or without B-
mercaptoethanol (lanes 2 and 4) prior to being applied to the gel.
Blotting was carried out by using anti-pL1-776 antiserum (lanes 1
and 2) or anti-pTha 900 (L2) antiserum (lanes 3 and 4). Molecular
weight markers (200,000, 97,400, 68,000, 43,000, 25,700, and 18,400)
are shown in lanes M. (B) Cross-reactivity of anti-pL.1-776 antise-
rum. Lanes 1, 2, and 3 contain extracts of purified BPV-1 virions
after SDS-polyacrylamide gel electrophoresis and staining with
Coomassie blue (lane 1) or after Western blotting to either anti-BPV-
1 virion antiserum (lane 2) or anti-pL1-776 antiserum (lane 3).
Molecular weight markers (116,000, 66,000, 45,000, 36,000, 29,000,
24,000, 20,000, and 14,200) are illustrated in lane M. (C) Detection of
L1 fusion protein by using anti-HPV-1 virion antiserum. Western
blot of bacterial extracts containing expressed fragments from the
E6, E1, E7, (N and C termini), E4, L2 (N terminus), E7, L2 (C
terminus), and L1 ORFs. Lane W contains an extract from an HPV-
1l-induced papilloma. Blotting was carried out by using antiserum
prepared against SDS-disrupted HPV-1 virions. Specific staining of
the L1 fusion protein (pL1-776) and the 57K major HPV-1 structural
protein is seen in lanes L1 and W. The faint bands in lanes L2 (N
terminus), E7, and L2 (C terminus) were also observed with
preimmune serum. The positions of molecular weight markers
(200,000, 97,400, 68,000, and 43,000) are indicated in lane M.

primary product of the L1 ORF, confirming the assumptions
drawn from earlier studies (21, 34). The two smaller L1-
encoded proteins of molecular weights 50,000 and 43,000,
which were infrequently present at low levels, may be
equivalent to the previously identified proteins 3 and 4 (13)
or to VP2 and 3 (9). As these protein species were frequently
absent, it seems likely that they may represent breakdown
products of the larger 57K L1 gene product. The prevalence
of these components in previous studies (9, 13, 30) may be a
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result of the use of trypsin during virus purification. The
product of the L2 ORF has been shown to be a minor 78K
structural protein. This protein probably corresponds to the
76K (27) or 86 K (13) polypeptide previously reported to be
a minor component of HPV-1 virions. The additional 65K
L2-encoded protein (Fig. 2, lanes 3 and 4) which was
detected in a small number of HPV-1 virus preparations may
represent a degradation product of the larger 78K species.

The observed size of the L1-encoded protein (57,000) is in
close agreement with its predicted molecular weight of
57,550 (assuming initiation begins at the first methionine
residue [16]). The size of the L2 gene product, however, was
larger than expected. The unspliced L2 ORF has the ability
to encode a polypeptide of molecular weight 55,243 (from its
first methionine residue), suggesting that the 78K L2 protein
may be the product of a spliced mRNA. Analysis of mRNA
species from productively infected cottontail rabbit papil-
lomas (24, 33) has shown that two mRNA classes exist which
span the late region. In particular, a spliced mRNA which
fuses sequences from the E7, E2 (C terminus), L2, and L1
ORFs has been identified (24), and it is likely that a similar
mRNA occurs in warts induced by HPV-1. From our results,
however, it is unlikely that the 78K L2 gene product contains
large regions derived from either the E2 or E7 ORFs, as
antisera prepared against the products of these genes did not
react with the 78K protein. It must be borne in mind,
however, that such negative results do not confirm this. By
similar reasoning, the 78K L2 polypeptide is unlikely to
represent a straightforward L1-L2 fusion, although the pos-
sibility that L2 is spliced either to the extreme 5’ end or to
the 3’ end of L1 cannot be ruled out. It is interesting that a
minor structural protein of 65,000 molecular weight has been
found in BPV particles and that a 78K polypeptide has not
been detected (10). It seems reasonable to assume that this
protein represents the product of the BPV L2 ORF.

The ability of HPV-1 virions to band at different buoyant
densities has previously been observed by other workers
(28, 30), and it has been shown that differences exist between
the proteins present in heavy-full and light-full virions (30).
In the present study, the L2 protein was found to be
primarily associated with heavy-full virions. Although E4-
encoded proteins were also found within the gradient, even
after two cycles of purification, it is not known if they are
associated with virus particles. It is interesting, however,
that several workers have indicated differences between the
low-molecular-weight polypeptides present in HPV-1 virions
and those extracted from other papillomavirus types (13, 17).
The possibility exists that such differences may be due to the
presence of E4 16K and 17K proteins in HPV-1 prepara-
tions.

The ability of the L1 gene product, but not the L2 protein,
to disulfide cross-link bears similarities to the organization of
structural proteins in SV40 and polyomavirus. In these
viruses, the VP1 (L1) protein subunits are covalently cross-
linked to each other by disulfide bridges (40). Analysis of the
L1 protein sequences from a number of papillomavirus types
(3, 6, 11, 12, 36, 37) shows that cysteine residues are highly
conserved in position. The minor VP2 and VP3 proteins of
both SV40 and polyomavirus are not involved in such
linkages, and like the HPV-1 L2 protein, can easily be
dissociated from virus particles by treatment with SDS (40).
This suggests that a common mechanism may exist for the
formation of icosahedral virus particles by both the papil-
lomaviruses and other members of the papovavirus group.

On tissue sections, all our late antisera (anti-L1 and
anti-L2) produced similar staining to that observed with
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antiserum prepared against SDS-disrupted HPV-1 virions.
This is consistent with previous studies indicating that viral
particles are produced in cells of the upper spinous and
granular layer (1, 25). The finding that anti-L1 antiserum
could cross-react with other papillomavirus types by immu-
nofluorescence is supported by the observation that the
papillomavirus Ll-encoded protein is highly conserved
among papillomavirus types (15). Our results are consistent
with the cross-reactivity observed by other workers of
antiserum prepared against SDS-disrupted papillomavirus
virions (15, 18, 31). This cross-reactivity is the result of
antibodies directed against the L1 protein and not L2, as
antivirion antiserum reacted only with a fusion protein
containing the expressed region of the HPV-1 L1 ORF. The
L2-encoded polypeptide is less highly conserved between
papillomaviruses of different types (11), supporting our
finding that anti-L2 antiserum (both N terminus and C
terminus) was unable to cross-react with HPV-2, HPV-4, or
BPV-1. The inability of our anti-L1 antiserum to cross-react
with purified BPV-1 virions by Western blotting suggests
that for this antiserum, cross-reactivity may depend on the
tertiary structure of the L1 polypeptide.
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