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Multiplicity of Uses

of Monoclonal Antibodies

That Define Papillomavirus
Linear Inmunodominant Epitopes

Abstract

During the last 10 yr, we have derived monoclonal antibodies from
animals immunized with denatured bovine papillomaviruses type 1
major capsid (L.1) protein, mapped their corresponding immuno-
dominant epitopes to within a single amino acid (aa), and compared
the reactivity of authentic L1 proteins to the predicted response by
collinear analysis of the aa sequences of the same and other papil-
lomaviruses (PVs). The data obtained from this approach has pro-
vided us with new insights into the sensitivity and specificity of the
antibody response to viral proteins. We have included here some
observations and conclusions that appear to be generic for the
immune response, some of which might have applications for work-
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ing with linear epitopes in other experimental systems.

Introduction

Viral serotyping has been used for many
different purposes, including grouping of
viruses into families (/ ), identification and/or
subtyping of new viral isolates, and detection
of specific serologic responses to current (IgM
response) or prior (IgG response) viral infec-
tions (2). Seroepidemiological studies have
provided invaluable information regarding the
incidence and prevalence of specific viral
infections (e.g., polio, rubella, and rubeola
viruses, etc.) that have a significant impact on
public health measures, frequently resulting
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in vaccine development (3). Although viral
serotyping can be accomplished by a variety
of methods, availability and ease of rapid test-
ing, as well as sensitivity and specificity of the
tests are of paramount importance (2 ). The use
of viral or cell-associated conformational
epitopes as antigens to test for reactivity with
corresponding antibodies may be the most
specific serological test available, since the
antibodies react with epitopes related to bio-
logical functions that depend on conforma-
tional folding of viral proteins. For example,
immunodominant, conformational bovine
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papillomavirus type-1 (BPV-1) major (L1)
capsid epitopes elicit neutralizing antibodies
that protect against formation of fibropapil-
lomas in cattle. On the other hand, polyclonal
antibodies (PAbs) and monoclonal antibodies
(MADs) produced against denatured L1 pro-
teins are not protective. However, mapping
these epitopes to the level of one amino acid
(aa) by the Multipin Peptide Synthesis System
has provided valuable insight into the charac-
terization and use of these antibodies in experi-
mental protocols.

Our interest in antibody recognition of
immunodominant epitopes has evolved from
MAD studies of linearized structural proteins
of the BPV-1 L1 capsid proteins.We gener-
ated six MAbs, AU-1, AU-2, AU-3, AU-4,
AU-5, and 1H8, whose minimal epitopes have
been mapped using the predicted aa sequence
encoded by the BPV-1L1 gene. These studies
were possible because recent advances in
DNA technology and peptide chemistry (4-9)
resulted in the ability to express PV proteins in
bacteria and synthesize viral specific peptides
invitro (9-15). These techniques introduced a
new dimension of screening for PV gene prod-
ucts. This was important, because PV cannot
be propagated in cell culture or transmitted
easily to animal models, other than the xeno-
graft system developed by Kreider et al. (16).

Production of Highly Specific MAbs
with Multiple Uses

PAbs and, especially MAbs, are highly
useful for most (BPV-1) experimental pro-
tocols, especially those that include immuno-
fluorescence (IF), immunocytochemistry (IC),
immunoprecipitation (IP), enzyme-linked
immunosorbent assay (ELISA), Western blot-
ting, affinity chromatography, and epitope
tagging. However, PAbs may yield a higher
background of reactivity than desired. Also,
MADbs frequently are poorly reactive, and the
results obtained are equivocal. In our hands,
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there appear to be two major reasons for the
latter. First, many MAbs are derived (because
of time and cost) when the immune response
is still maturing. These MAbs do not always
appear to have the same high level of affinity
and avidity as mature antibody populations
thatresult from continual gene rearrangements
and somatic mutations of antibody-producing
cells. Second, and more importantly, MAbs
should be screened by the same methods that
reflect their intended use. For example. MAbs
screened for positivity by ELISA may not be
reactive with the same antigen by IF or IC,
which makes it frustrating when the intended
use is immunological identification of epi-
topes by the latter two techniques. Only about
1 in 70 candidate MAbs that recognize an epi-
tope by one screening method can be expected to
react with the same antigenic determinant using
mostmethodologies. Thus, using standard meth-
odologies with minimal modifications we
derived MAbs that were highly cost effective.

Comparison of the Reactivity

of Mab with Productive PV Infections
with Homologous Minimal Epitopes
Predicted by Collinear Alignment

of the Major Capsid (L1) Proteins

AU-1 and AU-2 MAbs generated against
sodium dodecyl sulfate disrupted BPV-1
capsids react with both BPV-1 and BPV-2
antigens in tissue sections by immunohis-
tochemistry under conditions of very low
dilution/high concentration. As reported pre-
viously (17) at 1:100 dilution AU-2 reacted
with both PV types. However, at any dilutions
greater than this, BPV-2 did not react, even
though clean reactivity with no background
was evident with BPV-1 at dilutions >1:2000.
Comparisons of the L1 sequence of these two
viruses (Tables 1 and 2) revealed that BPV-1
contained the FGAAN sequence that AU-2
recognized. BPV-2, however, had FGAAD,
which accounted for the reactivity not found
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Table 1. Comparison of immunohistochemical response to MAbs and sequence verification of the presence
of the epitopes in the L1 genes of the various PVs by collinear analysis of L1 amino acid sequences

Virus AU 1 1H8 AU-5

CRPV LEDQYRYLQS CEIGFGAMDHKT VKSR AY 1
COPV LDDTYRYINS VDIGFGAMDFKA VPKD T YAT
HPV-2 LQDIYRYI.QS VETGFGALDFATL IPDE LYIKS
HPV-6 LEDTYRYVQS VDTGFGAMNFAD VPDT LIIK
HPV-11 LEDIYRYVQS VDTGFGAMNFAD VPD D LLVK
HPV-16 LEDTYRFVT VDTGFGAMDETTL VPD D LYIKG
HPV-18 LVDTYRFVQS VDTGYGAMDFSTL VPQ S LY IKG
BPV-1 LEDTYRYIES MEIGFGAANFKE?P APTT D EFYL
BPV-2 LEDTYRYIES MEIGFGAADFKT* APSK D FY LKN
DPV LEDIYRFIDS MDIGFGAANFKE? LPPE A YY LKN

“The correlation between actual reactivity and predicted reactivity was essentially 100% (underlined aa sequences are
immunodominant epitopes defined by MAb). CRPV, Cottontail rabbit papillomavirus; COPV, canine oral papillomavirus;
HPV, human papillomavirus; BPV, bovine papillomavirus; DPV, deer paplilomavirus.

PReacts at high dilution with AU-2 (FGAAN).
‘Reacts at low dilution only with AU-2 (FGAAD).

Table 2. Hierarchy of reactivity (under identi-
cal conditions) of MAbs 1H8 and AU-2 pep-
tide sequences for MAbs TH8 and AU-2

1H8 AU-2
MEIGFGA FGAANF
EIGFGAA GFGAAN
MEIGFGAA FGAANFK
MMEIGFGA GFGAANF
IGFGAA GFGAANFK
FGAANFK IGFGAANF
EIGFGAAN FGAAN
FGAAN EIGFGAAN
GFGAA IGFGAAN
EIGFGA
FGAANF
IGFGAAN

in any other species of PV, except those from
white- tailed and mule deer. These results indi-
cate that N-(asparagine) is required to amplify
the antigenicity of this sequence.

Immunodominant Epitopes

MAbs AU-1, AU-5, and 1H8 were reacted
by IC with productive infections of 11 distinct
(typed by molecular analysis of PV DNA)
nonhuman and human PVs. Positive reactivi-
ties with authentic L1 proteins were compared
to collinear analysis of the predicted aa
sequences of the same PV to determine the
extent of correlation between actual and pre-
dicted results (Table 2). The lack of reactivity
of one MADb only did not correspond to the
predicted sequence of a single human papil-
lomaviruses (HPV) lesion. This was the only
lesion in which the DNA was not typed, but
predicted to be HPV-2 based on anatomic loca-
tion in the patient, suggesting that it might in
fact be HPV-1, which did not have the appro-
priate aa sequence. Thus, reactivity of highly
specific MAbs with their corresponding immu-
nodominant epitope can be predicted based on
the presence of the critical aa residues of the
epitope. This has allowed us to serotype pro-
ductive PV infections using a multiplicity of
MAbs that define different linear epitopes,
each shared by subsets of PV L1 proteins.
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Identification of a Trimeric Epitope
Within a Pentameric Epitope:
Functional Implications

We (17)recently mapped murine MAbs and
rabbit PAbs generated against denatured
BPV-1 L1 epitopes by overlapping hexameric
peptides (using the Multipin Peptide Synthe-
sis System) corresponding to 95% of the L1
protein. We identified both MAbs and PAbs
that reacted with minimal epitopes that were
composed of 3, 4, 5, and 6 sequential aa resi-
dues. One of the most antigenic sites was rep-
resented, in part, by the critical aa sequence
FGAAN, aminimal epitope recognized by the
MAD AU-2. MAb 1H8 recognized the amino
acid sequence FGA, which is relatively highly
conserved within many, but not all PV major
capsid (L.1) proteins (Tables 1 and 2). FGAAN
is only present in the L1 protein of BPV-1 and
DPV. From these results, it is apparent that
1H8 identifies an immunodominant trimeric
epitope within the immunodominant penta-
meric epitope defined by AU-2 (FGAAN).
The size of the minimal epitope appeared, in
large part, to determine its specificity, and
perhaps, molecular mimcry (/8).

Epitope Tagging
Using Minimal Epitopes

One of the unexpected benefits of immuno-
dominant epitope mapping has been the use of
the corresponding MAbs for epitope tagging.
AU-1 defines the critical aa sequence TYRY
under all experimental conditions. When the
BPV-1 L1 nucleotide sequences correspond-
ing to TYRY and the natural flanking aa resi-
dues (DTYRYI) are cloned into a gene by
polymerase chain reaction (PCR) (no kit is
required), the gene product can be identified
by its reactivity with MAb AU-1. This tech-
nique is particularly useful for localizing or
identifying proteins expressed after transfec-
tion or infection of recombinant genes encod-
ing, the tagged epitope (/9-21). The epitope
tag has not interfered with the native function
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of the expressed polypeptide/protein. The
flanking aa sequences that add significantly to
the antigenicity of the critical amino acids were
derived from a modified window net applica-
tion of the Multipin Peptide Synthesis Sequence.

Naturally Occurring Antibodies
May Recognize Minimal Epitopes
Minimal (contact) aa residues recognized
by selected MAbs and PAbs sometimes appear
to be recognized by low levels of naturally
occurring antibodies. There are several pos-
sible explanations for this finding. If a protein
released into the circulation from a disinte-
grating cell or microorganism retained its
functional conformation, the consequences of
its exposure to different cells and potential
receptor sites might be deleterious. Therefore,
itis logical to assume that an antibody response
to denatured proteins processed by macro-
phages (and other antigen-presenting cells)
would recognize many of the nonconfor-
mational epitopes in linearized polypeptides.
On the other hand, small immunodominant
peptides may induce a crossreactive antibody
response against native proteins up to 6% of
the time because of molecular mimicry (/§).

Recognition of Minimal Epitopes
by Different Species

Although antibodies from different species
frequently recognize the same antigenic site
on PV L1 proteins, the corresponding mini-
mal epitopes appear to differ, sometimes by as
little as 1 aa. Therefore, it is difficult to block
specific reactivities of antibodies from one
species with those of another. However, it has
been our experience that antibodies (PAbs and
MADbs) from different species may recognize
the same antigenic site up to 70% of time (22).
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